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ABSTRACT
Down-sampling coding, which sub-samples the image and encodes the smaller sized images, is one of the solutions to
raise the image quality at insufficiently high rates. In this work, we propose an Adaptive Down-Sampling (ADS) coding
for H.264/AVC. The overall system distortion can be analyzed as the sum of the down-sampling distortion and the
coding distortion. The down-sampling distortion is mainly the loss of the high frequency components that is highly
dependent of the spatial difference. The coding distortion can be derived from the classical Rate-Distortion theory. For a
given rate and a video sequence, the optimum down-sampling resolution-ratio can be derived by utilizing the optimum
theory toward minimizing the system distortion based on the models of the two distortions. This optimal resolution-ratio
is used in both down-sampling and up-sampling processes in ADS coding scheme. As a result, the rate-distortion
performance of ADS coding is always higher than the fixed ratio coding or H.264/AVC by 2 to 4 dB at low to medium
rates.
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1. INTRODUCTION
Multimedia applications on various devices and heterogeneous networks become popular. The demand for HighDefinition (HD) video is also increasing. HD video usually delivers much higher bitrates than traditional video. However,
the available rates provided by the networks, especially wireless networks, are not always adequate for high quality
video. In such a condition, down-sampling coding, which down-samples the image and encodes the smaller sized images,
is one of the solutions to raise the image quality. In general, it yields better performance than the original full-size video
coding at low to medium rates.
Literatures on down-sampling coding focus on the discussions for down-sampling or up-sampling procedures. In the
procedure of up-sampling, super-resolution technique can be applied to the decoder of down-sampling coding to raise
the rate-distortion performance [1]. However, the computational complexity is very high. Fast algorithms of superresolution also exist [2], but the degraded R-D performance significantly reduces the advantage of super-resolution. To
improve the coding performance, video frames can be classified into different types based on different visual
characteristics, and then be processed with conditional super-resolution [3]. However, the coding efficiency
improvement by adjusting up-sampling procedure is limited, and the improvement would be varied because of different
video contents. We shall focus on the down-sampling procedure for better and stable performance. It is observed that the
optimum down-sampling ratio depends on the bitrates [4]. Namely, the superior performance over the traditional coding
only exists in a range of bitrates. A variable down-sampling ratio may extend the superior bitrates range. For still images,
adaptive down-sampling ratio has been applied to JPEG image compression [5].
Sampling-rate selection schemes for video coding were proposed in recent years. An adaptive down-sampling mode
decision in the encoder was proposed [6]. The modes including different directions and sizes can be determined by the
features of block contents. This method also provides better RD performance than regular video coding. However, there
exists blocking effect because of different distortion features in different blocks. Moreover, modifying coding loop loses
the syntax conformation for video coding standard. Another related discussion for sampling-rate selection is on the
resolution transcoding with up-sampling procedure [7]. The method estimates the bitrates for different resolution
versions and then selects the largest resolution satisfying the bitrates constraint to encode. However, this strategy may
not reach the minimum distortion and only five resolution versions can be used.
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In this work, we propose an Adaptive Down-Sampling (ADS) coding for H.264/AVC video coding. Furthermore, the
optimum down-sampling resolution-ratio is derived based on the models of down-sampling distortion and coding
distortion. The architecture and distortion analysis are discussed in Section 2. The derivation of optimum resolution-ratio
is also shown in this section. Section 3 provides simulation results. Finally, Section 4 provides the conclusions.

2. ADAPTIVE DOWN-SAMPLING CODING
2.1 Architecture of adaptive down-sampling coding
The architecture of the proposed ADS coding is shown in Figure 1. The original frame Fhigh is first down-sampled as
DFlow. It is then encoded as conventional video coding with the bitrates R. At the decoder side, the video sequence is
decoded as RDFlow. It is then up-sampled to the original resolution as URDFhigh. The resolution-ratio a is defined as the
area ratio of the original frame area to the down-sampled frame area. For instance, in the case of down-sampling from
CIF to QCIF, a is set to 0.25. Figure 2 shows the performance comparison between down-sampling scheme (circle) and
original H.264 (triangle). There exists a cross-over rate that the down-sampling scheme outperforms the original H.264
under the rate, but is worse if the rate is higher than the cross-over rate. We also observe that a small a results in high
gain in PSNR but low cross-over rate. Therefore, it is extremely important to find a suitable a for a given rate.
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Figure 1. Down-sampling coding scheme with adaptive resolution-ratio.

Figure 2. Performance comparison between down-sampling scheme and original H.264, Sequence Riverbed.
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2.2 Optimization of resolution-ratio
In this system, two types of distortions are involved in the down-sampling coding scheme. Both are related to resolutionratio under bitrate constraint. The first distortion is created from down-sampling, denoted as Ddown. It is inverse
proportional to the resolution-ratio and is highly dependent of characteristics of video sequences. The second distortion
is generated from the quantization of the encoder, denoted as Dcoding. It is proportional to the resolution-ratio and also
depends on bitrates and characteristics of video sequences. Figure 3 shows the coding distortion at various rates as well
as down-sampling distortion versus the resolution-ratio. It clearly shows that the two distortions have opposite trends as
the resolution-ratio increases. Thus it is interesting to study the optimum resolution-ratio that minimizes the overall
distortion.

Figure 3. Coding distortion at various rates and down-sampling distortion versus the resolution-ratio (Riverbed).

Since the coding distortion is mainly quantization noise which has different cause from the down-sampling distortion
that is mainly the loss of high frequency components, we propose an additive noise model as

D ( R, a, seq ) = Dcoding ( R, a, seq ) + Ddown (a, seq )

(1)

where D represents the average distortion of each pixel of video sequence for a given video sequence “seq”. Figure 4
shows the experimental results of comparisons between the total distortion and the additive distortion model. They are
very close at medium to high rates, different at low rate but the trend (i.e., location of the minimum MSE, Mean Square
Error) is still similar.

Figure 4. Comparisons between the total distortion and additive distortion model (Riverbed)
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Because the down-sampling distortion Ddown is mainly the loss of the high frequency components that is highly
dependent of the spatial difference, a reasonable model for down-sampling distortion can be described as
2 1
Ddown = σ s ( − 1)
a

where

σ s2

(2)

is the variance in pixel domain, i.e., spatial difference, of a frame in video sequences. Figure 5 shows the

MSE verses the resolution-ratio a for various video sequences. Although the MSE of different sequences varies
significantly, the distortion model, shown as the dash line, is actually very accurate.

Figure 5. Down-sampling distortion modeling

The coding distortion can be derived from the classical Rate-Distortion (RD) theory [8]. The R-D model, which includes
the transform, quantization, inverse quantization, and inverse transform, for an MB has been proposed [9] as

Dref = σ t ⋅ 2 −γR
2

where

σ t 2 is the temporal difference of frames in video sequence and γR

(3)
is the bits used to represent a pixel on average.

In this work, the proposed resolution-rate-distortion model that takes resolution-ratio into consideration can be described
based on (3) as
2
(4)
Dcoding = σ t ⋅ 2 −γR / a
The coding distortion increases with a. For small a, the number of effective pixels per frame after down-sampling
decreases, and the average bitrates allocated to each pixel increases. Thus the coding distortion may decrease because of
the relatively high bitrates/pixel. Figure 6 shows the MSE versus resolution-ratio and the distortion model at high rates
and low rates, respectively. In either case, the mismatch between the actual MSE and the model is very limited.
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Figure 6. Coding Distortion Model at Low and High bitrates (Riverbed)

The overall distortion can be shown in (5) by combining (2) and (4) as
2
2 1
D = σ t ⋅ 2 −γR / a + σ s ( − 1)
a

(5)

For a given rate and a video sequence, the resolution-ratio can be adjusted to get the optimum value by letting the first
order differentiation be zero

dD
−1
2
2 −1
= σ t ⋅ 2 −γR / a ⋅ ln 2 ⋅ −γR ⋅ 2 + σ s ⋅ 2 = 0
da
a
a

and the optimum a can be describe as

aopt =

− γR
σ 2 1 1
log 2 ( s 2 ⋅
⋅ )
σ t ln 2 γR

(6)

(7)

Although (7) looks complicated, the relationship between the optimum resolution-ratio and the bitrates is actually nearly
linear, as shown in Figure 7. This optimal resolution-ratio aopt is used in both down-sampling and up-sampling processes
in ADS coding scheme.

Figure 7. Optimum resolution-ratio at various rates
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3. SIMULATIONS
We implemented the proposed algorithm on JM12.4 H.264/AVC codec and assessed the performance on sample HD
video sequences. The first 25 frames of the test sequences including “Riverbed”, “Station”, and “Rush-hour” at 25 fps
frame rate are used in the experiments as shown in Figure 8. Each sequence is coded with the structure IPPP and GOP
size 25. Both the RDO and fast motion search algorithm UMHexagons are enabled as listed in Table 1. The bi-cubic
interpolation is chosen for both down-sampling and up-sampling filters.
The PSNR comparison of the down-sampling schemes and the original H.264 is presented in Figure 9. It is shown that
the down-sampling video coding with fixed resolution-ratio 0.25 outperforms the regular H.264 video coding at the
bitrates only before the cross-over rate 28Mbps. However, the fixed ratio down-sampling scheme performs poorly at
high bitrates. On the other hand, the proposed algorithm that utilizes the optimum resolution-ratio performs better than
the original H.264 as well as the fixed ratio down-sampling scheme at all bitrates. Moreover, the proposed algorithm
achieves up to 2dB gain in PSNR over regular H.264 coding at low to medium rates. Among the three test sequences,
“Riverbed” processed by two methods are presented in Figure 10. The upper-right corners are shown for easy
comparisons of the details. As the figure shows, our proposed scheme is able to improve the visual quality significantly
by eliminating the blocking effect that is crucial to HD video.
Table 1 Encoding parameter list in JM12.4

Profile

Baseline

Resolution

HD(1920x1056)

Test sequence

Riverbed, Station, Rush-hour

FramesToBeEncoded

first 25 frames

FrameRate

25 frame per second

RDO

On（high-complexity）

Fast motion estimation

UMHexagons

Number of reference frame

1 frame

Search range for HD

±128

Block mode

all mode

Subpixel Motion Estimation

On

GOP

25(IPPP~~)

Riverbed

Station

Rush-hour

Figure 8. Three types of different test sequences
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Figure 9. Rate-distortion performance of coding scheme with adaptive resolution-ratio

ADS coding

Original H.264

Figure 10. Subjective comparison of upper-right corner of Riverbed at 1.7Mbps

4. CONCLUTIONS
We have proposed a down-sampling coding scheme with adaptive resolution-ratio that performs efficiently for highdefinition video. For a given rate and a video sequence, the optimal resolution-ratio can be determined toward
minimizing the system distortion. This optimal resolution-ratio is used in both down-sampling and up-sampling
processes in ADS coding scheme. Compared with fixed resolution-ratio, the proposed scheme has better RD
performance at low as well as high bitrates. Compared with original H.264 (without down-sampling process), the
proposed scheme has 2dB~4dB gain in PSNR at medium and low bitrates. This system is suitable for heterogeneous
networks or variable bitrate environments.
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