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Abstract — This paper presents novel methods for 

implementing adaptive interpolation filtering techniques for 
video coding on 16-bit integer architectures. The proposed 
methods offer significant complexity reduction over the state-
of-the-art, making them especially valuable for resource 
constrained mobile multimedia devices, with high coding 
efficiency1. 
 

Index Terms — Adaptive interpolation, video coding, 
interpolation filter.  

I. INTRODUCTION 
Motion Compensated Prediction (MCP) is a technique used 

by all popular video coding standards to exploit the temporal 
redundancy present in a video sequence. In MCP, each frame 
of a video sequence is divided into blocks and a reference 
frame is searched for each block to find its best match. The 
relative position of the best matching block with respect to the 
original one is called the block’s motion vector. Motion 
Vectors may have either integer or fractional pixel accuracies. 
If the motion vector has fractional pixel accuracy, the decoder 
needs to perform interpolation to obtain the samples at sub-
pixel positions. The state-of-the art video coding standard, 
H.264/AVC, supports motion vectors with half and quarter 
pixel accuracies. The half-pixel samples are obtained by using 
a 6-tap filter and quarter-pixel samples are obtained by bi-
linear filtering using the two nearest samples at half or integer 
pixel positions [1].  

The interpolation filter defined in H.264/AVC was 
designed to minimize the adverse effects of aliasing present in 
the input image sequence [2]. However, aliasing in a video 
sequence is not a stationary process, but has a varying 
characteristic. Adaptive interpolation filters that change the 
filter coefficients at each frame have been proposed in the 
literature to combat this non-stationary effect of aliasing [3-5]. 
Because the coefficients of the adaptive filter can take any 
value and thus have high dynamic range, the filtering process 
requires 32-bit floating point registers. This result in a serious 
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complexity increase for adaptive interpolation schemes 
compared to 16-bit integer arithmetic implementation of the 
H.264/AVC interpolation filter. In our previous work [5], we 
presented adaptive interpolation scheme utilizing directional 
filters and its 16-bit integer implementation. These schemes 
were adopted to the reference software maintained by the 
ITU-T VCEG standardization group. 

In this paper, we present a more detailed description of 
the 16-bit implementation of adaptive interpolation filters 
and extend it by including novel tools. The proposed 
algorithms achieve 16-bit integer implementation by 
restricting the dynamic range of the filter coefficients. The 
filter coefficients for different sub-pixels are defined with a 
variable accuracy by exploiting the different statistical 
distributions of the filter coefficients. In addition, a novel 
structure is proposed that utilizes partial convolution sums 
to gain additional accuracy and improve the coding 
efficiency further. Finally, we propose an adaptive rounding 
scheme to decrease the rounding error of the filter 
coefficients. The proposed algorithms could work with any 
adaptive interpolation filtering structure, but as an example 
we implemented them on our previously proposed 
Directional Adaptive Interpolation Filtering (DAIF) 
structure. Experimental results show that the proposed 
method achieves 16-bit operation with no penalty on coding 
efficiency compared to the 32-bit floating point 
implementation. When compared to H.264/AVC, the 
proposed methods achieve up to 19% bitrate reduction, with 
comparable implementation complexity. 

This paper is organized as follows; Section 2 provides a 
brief background of adaptive interpolation filters and the 
DAIF structure. Section 3 presents the details of the proposed 
tools to achieve low complexity 16-bit implementation. 
Section 4 presents detailed theoretical analysis on the effect of 
the proposed tools on interpolation quality. Section 5 presents 
experimental results and detailed complexity analysis. Section 
6 concludes the paper. 

II. ADAPTIVE INTERPOLATION FILTERS FOR VIDEO 
CODING 

Consider Fig. 1.a., where the pixels at integer pixels are 
labeled by upper-case letters {A1,…,F6} within shaded boxes, 
and lower-case symbols {a,b,…,o} represent sub-pixels 
locations that are to be interpolated. In H.264/AVC, the sub-
pixels at half-pixel positions (denoted with b, h, j) are 
obtained using a 6-tap filter. The quarter-pixels are obtained 
by averaging the nearest half or full-pixel samples [1]. 
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In the adaptive interpolation schemes, the encoder 
calculates the optimal filter coefficients that minimize the 
prediction error energy for each frame and transmits them to 
the decoder with the rest of the frame data. The calculations of 
the filter coefficients are performed as follows. Firstly, the 
frame is encoded with a fixed filter; such as the one defined in 
H.264/AVC standard and the initial motion vectors are found. 
Using these initial motion vectors and the reference frames, 
the interpolation filter coefficients for each sub-pixel are 
calculated analytically by minimizing the prediction error 
energy. Finally, the reference frame is interpolated using the 
optimal filter and the current frame is coded. In order to 
reduce the number of bits used to code the filter coefficients, it 
is assumed that statistical properties of the image signal are 
symmetrical. With this assumption, the filter coefficients are 
assumed to be the same, in case the distance of the 
corresponding full-pixel to the current sub-pixel is equal. For 
more details on calculating the filter coefficients and filter 
symmetry, the reader is referred to [3] 

A. Directional Adaptive Interpolation 
In [3], Vatis et al. proposed the use of a 2D non-separable 

adaptive interpolation filter to reduce the prediction error 
energy and improve the coding efficiency of video coders. For 
each sub-pixel position that is not aligned with integer pixels 
(sub-pixel positions e,f,g,i,j,k,m,n,o), this scheme utilizes an 
2D non-separable filter having a size of 6x6 taps. However, 
the improvement in the coding efficiency comes with the 
expense of having approximately three times higher 
interpolation complexity compared to the standard 
H.264/AVC [6]. The reasons for such complexity increase are 
the non-separable nature of 36-tap filters and the need to 
perform operations in 32-bits arithmetic. Since interpolation is 
already one of the most complex parts of H.264/AVC 
decoders, a further increase in the complexity is very 
problematic, especially for resource constrained devices, such 
as portable video players or recorders. 

In [5], we proposed the Directional Adaptive 
Interpolation Filtering (DAIF) scheme to reduce the 
complexity of adaptive interpolation filtering. Instead of 
using 2D non-separable filters, DAIF structure uses 
directional filters, where the direction of the interpolation 
filter for different sub-pixel locations is determined based 
on the alignment of the corresponding sub-pixel with 
integer pixel samples. For example, consider Figure 1.a. 
and Figure 1.b. where the locations of the integer samples 
that are used in the filtering process are denoted by e,o 
and g,m; respectively. The sub-pixel locations e, o are 
diagonally aligned with integer-pixels in the North-
West—South-East direction. The integer-pixel positions 
that are aligned with these sub-pixels are 
{A1,B2,C3,D4,E5,F6}, thus only these integer-pixels are 
utilized to estimate h(e) and h(o) and to interpolate sub-
pixels at locations e and o. Similarly, sub-pixel locations 
g, m are diagonally aligned with integer-pixels in the 
North-East—South-West direction. Therefore, integer 

samples {A6,B5,C4,D3,E2,F1} are used for interpolating 
at sub-pixel locations g and m. Sub-pixel locations 
{a,b,c} and {d,h,l} are horizontally and vertically aligned 
with integer pixels. In this case, {C1,C2,..,C6} is used for 
interpolating at {a,b,c} and {A3,B3,…,F3} are used for 
interpolating at {d,h,l}. Locations {f,i,j,k,n} are either 
aligned with integer-pixel samples in both diagonal 
directions (location j), or have no integer-pixel samples to 
be aligned with (positions f,j,k,n). For this reason, 
{f,i,j,k,n} are interpolated using the integer-pixels that lie 
on a diagonal cross structure. 

Since most of the sub-pixels are obtained using a single 6-tap 
filtering and the rest are obtained using 12-taps the interpolation 
complexity of DAIF is significantly less than its counterparts.  

 
Fig. 1. DAIF structure for a) sub-pixel locations e,o and (b) g,m 

(a) 

(b) 
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III. LOW COMPLEXITY ADAPTIVE INTERPOLATION 
FILTERING 

Because the coefficients of the adaptive filter can take any 
value and thus have high dynamic range, the filtering process 
requires 32 bit arithmetic. This result in a serious complexity 
increase for adaptive interpolation schemes compared to 16-
bit integer arithmetic implementation of the H.264/AVC 
interpolation filter. One straightforward way to achieve a 16-
bit operation for adaptive interpolation is to define the filter 
coefficients using smaller number of bits and decrease their 
accuracy. However, this results in a significant coding 
efficiency penalty and diminishes all the benefits of adaptive 
interpolation.  

To investigate this problem, letus assume a one-
dimensional 6-tap filter with coefficients in floating point 
arithmetic given as hi, where i is the coefficient index. The 
filter coefficients in integer form are written as Hi, where Q 
determines the accuracy for the coefficients: 

( ) ⎣ ⎦5.02 +⋅⋅= Q
iii hhsignH          (1) 

,wehre sign() function returns -1 if the input is negative and 
+1 if the input is positive, and ⎣ ⎦.  is the floor function 
returning the nearest integer smaller than the input value.  

The filter output is computed as follows: 
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Where Yi are the integer samples inside the filtering mask 
and Sp is the sub-pixel sample to be interpolated. Larger Q 
improves the accuracy of filter coefficients representation but 
increases the dynamic range of the convolution sum in (2). In 
order to have the convolution sum in (2) fit in a 16-bit 
register, the filter coefficients should be represented with 
maximum of 4 bits accuracy (Q=4). It was found empirically, 
that having Q less than 8 significantly reduces the coding 
efficiency of adaptive interpolation schemes. The following 
subsections describe the proposed methods in order to 
increase the accuracy of the filter coefficients representation 
and thus preserve the coding efficiency of the adaptive 
interpolation scheme. 

A. Partial Convolution Sums 
The proposed structure performs interpolation not using 

equation in (2) above, but partial sums. Letus rewrite Equation 
(2) as: 
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stored in 16-bit registers.  The sign of the adaptive filter 
coefficients are unknown, thus the accumulation registers res1 
and res2 should support signed number representation. 
However, for typical interpolation filter coefficients and data 
samples, these partial sums will always be positive. We can 
gain 1 bit accuracy for filter coefficients representation by 
clipping negative res1 and res2 (i.e. if they are negative, set 

their values to zero) and performing the final addition using 
unsigned, instead of signed arithmetic. This process is 
illustrated in Figure 2. 

In order to see how this process increases the accuracy of 
filter coefficients, assume that the filter coefficients are 
represented in integer form with 7 bits accuracy (i.e. Q = 7). 
For this example, we consider the interpolation filter defined 
in the H.264/AVC, denoted with hAVC and HAVC for floating 
point and in integer form, respectively, and are given as: 

hAVC = [1, -5, 20, 20, -5, 1]/32 
HAVC = [4, -20, 80, 80, -20, 4] 

 In order to see if the 16-bit register used for the 
interpolation given in Eq. 2 overflows, we need to find out the 
maximal value the convolution sum could take before shifting 
and see if it fits in the 16-bit register.  The maximal value 
happens when the image samples that are multiplied with 
positive filter coefficients are 255 (assuming an 8-bit image), 
and the image samples that are multiplied with negative filter 
coefficients are 0. In other words, the maximum value for the 
convolution sum happens for filter HAVC when the image 
samples Y take the following values: 
Y  = [255, 0 , 255, 255, 0, 255] 

In this case, the convolution sum ∑
=

−+⋅
5

0

12
i

Q
ii HY  takes the 

value 42904 and requires a 17-bit signed register (16 bits for 
magnitude and 1 bit for sign), and therefore does not fit into a 
16-bit register. 

For the same example, letus now use partial convolution 
sums and clipping the intermediate values as described above. 
Each partial convolution sum given in Eq. 3 would take the 
value 21420 and fits in a 16-bit signed register. As the final 
summation is done using unsigned addition, and the 
magnitude of 42904 could be defined in a 16-bit, the 
interpolation operation does not overflow the 16-bit registers. 

It should be noted that clipping the partial sums below zero 
loses some information to gain additional bit accuracy for the 
coefficients. However, for typical interpolation filters and 
input samples, partial sums would very often be greater than 
zero and this clipping is exploiting this fact. More detailed 
analysis of the effect of this step on interpolation quality is 
given in Section 4.  

 
Fig. 2. Illustration of Intermediate Clipping 
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B. Restriction on Filter Coefficients 
In order for partial sums given in Eq. 3 to fit in 16-bit 

registers, we define two requirements on the filter coefficient 
values: 
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where j is 0 and 3 for a 6-tap filter.  With these restrictions in 
place, the accuracy of the filter coefficients is increased from 
4 bits to 7 bits and still guaranteeing a 16-bit integer 
implementation. These requirements reduce the dynamic 
range of filter coefficients to ensure a 16-bit operation. 
Meanwhile, the dynamic range defined with the above 
restrictions cover typical interpolation filters used in video 
coding so that the coding efficiency is kept high. There are 
mainly two families of interpolation filters for which these 
requirements cannot be met. These are: 

1. Interpolation filters with a gain larger than unity. 
Consider the case again of using the interpolation filter 
defined in H.264/AVC using 7 bits of accuracy. But 
instead of having unity gain, let’s assume the gain is 2. 
The filter coefficients in integer form is given as: 
HAVC = [8, -40,  160, 160, -40, 8] 
These filter coefficients do not meet the restrictions 
defined in Eq. 4. However, utilizing interpolation filters 
with a gain that is very different than unity in video 
coding happens in rare cases. And for those cases the 
video coder may choose to use different tools, such as 
Weighted Prediction [1]. 

2. Interpolation filters to obtain sub-pixels that are 
positioned very close to integer position. For these cases, 
the filter coefficients become highly asymmetrical and 
one of the filter coefficients would be significantly larger 
than the rest of the coefficients. This asymmetry in filter 
coefficients violates one of the restrictions given in Eq. 4. 
To illustrate this behavior, let’s consider a widely used 
interpolation kernel that utilizes a 3-lobed Lanczos-
windowed sinc function. This interpolation kernel is 
defined as: 
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where x is the distance between the sub-pixel and the 
integer samples. This kernel yields the following filter 
coefficients in a floating point representation to obtain a 
sub-pixel at position 92/100: 
h = [0.0143, -0.0586, 0.9883, 0.0733, -0.0186, 0.0007] 
H = [2 , -8,  127, 9, -2, 0] 
As seen above, the filter coefficients used to obtain a sub-
pixel position very close to the integer sample does not 
fulfill the restriction given in Eq. 4.  

For the rare cases, where these restrictions can not be met, 
the standard H.264/AVC interpolation filter coefficients are 
used for the adaptive filter. As it will be seen in Section5 these 
restrictions do not deteriorate the performance of adaptive 
interpolation filters in video coding. The effect of reducing the 
dynamic range of the filter coefficients on interpolation 
quality is also analyzed further in Section 4.  

C. Filter Coefficients with Variable Accuracy 
Additional bit accuracy for the filter coefficients is gained 

by observing the fact that the statistical distribution of the 
coefficients of different sub-pixels is different. If a sub-pixel 
is interpolated using a 6-tap filter, the statistical distribution of 
the coefficients would be different than that of the 12-tap 
interpolation filter. For example, the coefficients of a 12-tap 
filter most often fall in the range [-0.5, 0.5], instead of [-1, 1]. 
We exploit this fact and restrict the filter coefficients of sub-
pixel locations that use a higher number of taps. By using a 
restricted range, additional accuracy is gained for the 
respective sub-pixel locations. 

D. Adaptive Rounding of Filter Coefficients 
The rounding operation given in Eq. 1 is not optimal in 

terms of minimizing the total rounding error of the 
interpolation filter. For some filters, the total rounding error 
accumulates to a large value, and hence penalizes the coding 
efficiency. To alleviate this effect, we add a correction factor 
to a number of filter coefficients after the rounding operation 
and reduce the total rounding error. This is done as follows. 
After the integer filter coefficients are computed using 
Equation 1, the total rounding error of the filter is found 
using: 
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If the total rounding error is positive, this means that most 
of the coefficients were down-rounded. +1 is added to the 
coefficient that has the largest down-rounding error, then to 
the coefficient that has the second largest down-rounding 
error etc. This is repeated until the magnitude of the total 
rounding error falls below 0.5. Same process is done using the 
correction factor -1 for negative rounding errors. After this 
process, the modified coefficients have a higher rounding 
error, but the total rounding error of the filter is decreased. 

In order to illustrate how adaptive rounding works, consider 
the following filter obtained using the Lanzcos windowed sinc 
interpolation kernel, given in Eq. 5: 

h = [0.0034, -0.0435, 0.1716, 0.9481, -0.1064, 0.0251] 
For the case of regular rounding (rounding using Eq. 1), filter 

coefficients in integer form with a 7-bit accuracy are given as:  
H = [0 , -6, 22, 121, -14, 3]  
Using Eq. 5, the total rounding error is 1.7897 and the 

rounding error for each coefficient is found as: 
rnd_errorH = [0.4379, 0.4356, -0.0413, 0.3579, 0.3872, 0.2125]     
As seen above, the rounding error of all the coefficients is 

less than 0.5, but the total rounding error is 1.7897. Using the 

Authorized licensed use limited to: Tampereen Teknillinen Korkeakoulu. Downloaded on April 19, 2009 at 17:19 from IEEE Xplore.  Restrictions apply.



K. Ugur et al.: Efficient Implementation of Adaptive Interpolation Filters for Low Complexity Video Coding 261

above procedure, we first add +1 to the filter coefficient that 
has the largest down-rounding error, which is the first 
coefficient. Then the total rounding error decreases to 0.7897. 
We need to add +1 for one more filter coefficient that has the 
second largest down rounding error, and that is the second 
filter coefficient. This way the total rounding error becomes -
0.2103. The modified filter coefficients and their respective 
rounding errors are then given as: 

H' = [1,  -5,    22,   121,   -14,     3]  

rnd_errorH' = [-0.5621, -0.5644, -0.0413, 0.3579, 0.3872, 0.2125] 
As seen clearly in the above example, the magnitude of the 

total rounding error of the filter is decreased from 1.7897 to 
0.2103, even if some of the filter coefficients have a higher 
rounding error. The frequency response of the two rounding 
methods, rounding to nearest integer given in Eq. 1 and the 
proposed rounding as described above are presented in Fig. 3. 
As seen in Figure 3, rounding to the nearest integer value 
changes the frequency response of the filter significantly, but 
the frequency response comes closer to the original one when 
the proposed rounding is used. More important than the 
change in frequency response, adaptive rounding corrects the 
gain of the interpolation filter. In the above example, the 
original filter with floating point accuracy has unity gain; 
whereas filter h obtained using rounding to the nearest integer 
has a gain of 0.984375. In video coding, this change in gain 
means the encoder has to code more DC residual and degrade 
its coding efficiency. After adaptive rounding is applied, this 
gain is moved back to unity, which would help the video 
coder improve its coding efficiency. 
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Fig. 3. Frequency response of filters with different rounding. 

IV. EFFECT ON INTERPOLATION QUALITY 
In this section, we analyze the effect of some of the 

proposed tools on the interpolation quality in more detail. The 
proposed tools are used in the context of video coding, where 
the filter coefficients are found at each frame by minimizing 
the prediction error energy. In order to simulate this process, 
we first define lanczos-windowed sinc function as the 
interpolation kernel. The coefficients of the adaptive 
interpolation filter are then given as a function of the sub-pixel 

position using this interpolation kernel. As an example see 
Fig. 4, where the coefficients of the interpolation filter are 
given for the quarter-pixel position. We change the sub-pixel 
positions to vary the adaptive filer coefficients and analyze the 
effect of each proposed tool on this adaptive filter. 

-3 -2 -1 0 1 2 3
-0.2
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0.2

0.4

0.6
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1.2
Lanczos3 windowed Sinc Function - Interpolation Kernel

1/4 phase

 
Fig. 4. Lanczos3 interpolation kernel and the respective filter coefficients 
for quarter-pixel position 

A. Effect of restricting filter coefficients  
We first analyze the effect of restricting the dynamic range of 

the filter coefficients using Eq. 4. This is done by utilizing 
different interpolation filters and checking if their respective 
coefficients satisfy the constraints given in Eq. 4. For this 
purpose, we use the lanczos-windowed sinc function given in 
Eq. 5, for sub-pixels whose position varies by increments of 
1/100. In other words, we utilize 99 different interpolation filters 
corresponding to these sub-pixel positions located between two 
consecutive integer samples. If a high number of sub-pixel 
positions do not satisfy the constraints, it means that those sub-
pixel positions can not be interpolated using the proposed tool. 
We also analyze how the gain of the interpolation filter changes 
the number of sub-pixel positions satisfying the constraints. The 
results of this experiment are given in Table 1.  

TABLE 1  
EFFECT OF RESTRICTING THE FILTER COEFFICIENTS 

Filter Gain Number of filters not satisfying Equation 4 

1 10:  [2,3,4,7,8,92,93,96,97,98]/100 
1.1 50 
0.9 0 

 
As seen in Table 1, for the unity gain, filters for the 10 sub-
pixel positions out of 99 do not satisfy the constraints given in 
Eq. 4. As previously noted, those sub-pixel positions are the 
ones that are located very closely to an integer pixel. It should 
be noted that, in the context of video coding this much of fine-
grain motion is not usually needed, and the fact that these sub-
pixel positions do not satisfy the dynamic range requirements 
does not hinder the coding efficiency of a video coder. This is 
also shown in Section 5, where the proposed tools are 
integrated in a video coder. 
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B. Effect of the proposed rounding 
In order to analyze the effect of the proposed rounding 
scheme, we again use the same lanczos-windowed sinc 
function given in Eq. 5. Each sub-pixel position is interpolated 
first using floating point filter coefficients. Then the same sub-
pixel position is interpolated using integer filter coefficients 
obtained with rounding to the nearest integer, as given in Eq. 
1. Finally, the corresponding sub-pixel positions are 
interpolated using the filter coefficients obtained by the 
proposed rounding operation. The PSNR between the floating 
point interpolation and the two respective integer 
interpolations is plotted in Fig. 5. 
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Fig. 5, Effect of rounding on interpolation quality 

As seen in Fig. 5, the proposed rounding operation 
constantly improves the interpolation quality compared to 
rounding to the nearest integer scheme. For some sub-
pixels the difference in PSNR is significantly high, and 
exceeds 1 dB. 

V.  EXPERIMENTAL RESULTS 

A. Coding Efficiency Analysis 
To evaluate the performance of the proposed algorithms 

in the context of video coding, we implemented them using 
the Directional Adaptive Interpolation Filtering structure 
[5] and performed extensive simulations. For the 
simulations, common conditions recommended by the ITU-
T VCEG standardization group are used [7]. Table 2 
summarizes the results for the Baseline profile settings, for 
720p sequences. As seen in Table 2, the proposed methods 
achieve 16-bit operations with no penalty on coding 
efficiency, compared to 32-bit implementation. For some 
sequences, minor gains are also realized due to the adaptive 
rounding of the filter coefficients, and the lower dynamic 
range of filter coefficients that reduces the required number 
of bits to code them. When compared to H.264/AVC, the 
proposed methods achieve significant bitrate reduction (up 
to 19.39% gain).  

TABLE 2  
CODING EFFICIENCY OF THE PROPOSED METHOD 

Sequence DAIF-16bits vs. 
H.264/AVC  

DAIF-16bit vs.  
DAIF-32 bit 

 ΔBitrate [%] ΔBitrate [%] 
City -16.51 -0.95 
Bigships -11.42 0.2 
Crew -19.39 -1.24 
Shuttlestart -19.31 -0.66 
Night -5.86 0.14 

 

B. Computational Complexity Analysis 
In order to estimate the complexity of the proposed tools, 

we follow a similar methodology previously used to analyze 
the decoder complexity of H.264/AVC [8].  This methodology 
uses two basic steps to estimate the computational complexity 
of the interpolation filters.  In step one, we count the number 
of arithmetic operations required to execute a filter for each 
sub-pixel. It is assumed that interpolation is done on a block-
based and the number of arithmetic operations is counted for 
both 4x4 and 8x8 block sizes. In step two, we multiply the 
complexity numbers found in step one by the appropriate 
entry in a sub-function frequency table.  The sub-function 
frequency table contains information regarding the use 
frequency of various sub-functions, the filters for each sub-
sample location in this work, over the set of common 
condition sequences. The sub-function frequency table is 
generated by collecting the statistics for each sub-pixel 
location for both the H.264 and DAIF case using the Baseline 
profile’s common conditions, as defined in [7]. To get more 
realistic numbers, it is assumed that motion blocks of size 
equal to or greater than 8x8 use the 8x8 interpolation whereas 
smaller block sizes use 4x4 interpolation. 

Table 3 presents the number of arithmetic operations in 16-
bits required to obtain each sub-pixel (i.e. the result of Step-1 as 
outline above). As seen in Table 3, the maximum increase in 
operations for DAIF-16-bit compared to H.264 interpolation 
occurs at locations b and h that are horizontally and vertically 
aligned half-pixel samples, respectively.  On the other hand, 
diagonally aligned locations, e, g, m and o provide DAIF with a 
43.5% computational advantage, as those locations are obtained 
using a single one-dimensional filter. On average, DAIF-16-bit 
has 21.7% less complexity than H.264 interpolation for the 4x4 
case and 13.7% less complexity for the 8x8 case. 

TABLE 3  
NUMBER OF 16-BIT ARITHMETIC OPERATIONS REQUIRED TO INTERPOLATE 

EACH SUB-PIXEL 
H.264/AVC DAIF-16bit Sub-pixel 

position 4x4 8x8 4x4 8x8 
b,h 10 10 17 10 
a,c,d,l 13 13 17 13 
e,g,m,o 23 23 17 17 
j 32.5 26.25 35 35 
f,i,k,n 35.5 29.25 35 35 
Average for 
sub-pixels 22.56 20.48 23 23 
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When the complexity numbers of Table 3 are weighted with 
the appropriate entry in the sub-function frequency table, we 
arrive to a realistic estimate of complexity of the proposed 
tools, in which DAIF-16bits is 7% less complexity than 
H.264/AVC interpolation. 

It should be noted that, the above analysis is based on 
counting the number of arithmetic operations and does not 
take into account several issues such as memory bandwidth, 
parallelism etc. A more detailed study analyzing the 
complexity of DAIF-16-bit, taking into account Single-
Instruction-Multiple-Data (SIMD) parallelism, can be found 
in [9].  

VI. CONCLUSIONS 
In this paper, novel algorithms are proposed that guarantee 

16-bit integer implementation for adaptive interpolation 
filtering schemes with a high coding efficiency. When 
compared to H.264/AVC, the proposed methods achieve up to 
19% bitrate reduction, with a lower computational complexity. 
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