BUFFER CONSTRAINED RATE CONTROL FOR LOW BITRATE DUAL-FRAME
VIDEO CODING
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ABSTRACT

the use of high quality LTRs, where the LTR frames are allo-

In dual-frame video coding, one long-term reference (LTR)
and one short-term reference (STR) frames are used for motion estimation and compensation. In previous work, it was
shown that the performance of video coding can be improved
by pulsing the quality of LTR frames in dual-frame video coding, but this increases the encoder delay buffer size.

Also,

buffer constrained real-time video transmission requires an
efcient rate control algorithm to meet the delay requirement.
In this paper, we propose a rate control algorithm for dual-

cated more bits than regular frames. This has been shown to
enhance the quality of the entire sequence [5]. While a performance improvement is achieved using dual-frame video coding, a price is paid in larger delay buffer to accommodate the
high quality LTR frames. In real-time video transmission, the
amount of delay is limited. For example, the maximum delay
that can be tolerated in video telephony is less than 300ms.
Therefore, high quality LTR frames may pose a challenge for
using dual-frame coding in real-time video transmission.

frame video coding under a delay buffer constraint. With the

Motion Compensation

proposed rate control algorithm and motion activity detection for determining the LTR quality, simulation results us. . .

ing H.264/AVC show a signicant PSNR improvement over
H.264 rate control and other rate control algorithms for dual-
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frame video coding.
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Fig. 1. Dual-frame video coding.

compression, multiple frame prediction.
Rate control for video coding has been extensively studied
1. INTRODUCTION

[6, 7]. A buffer constrained rate control algorithm for H.264
in [7] uses a pre-analysis unit to accurately achieve the target

In multiple frame prediction, more than one past frame is used

bitrate. However, rate control for dual-frame video coding is

in the search for the best match block. This has been shown to

largely untouched. In particular, assignment of high quality

provide a clear advantage in compression performance [1, 2].

to LTR frames presents difculties for rate control. One can

This concept was adopted in the H.264/AVC [3] video coding

reserve a portion of the buffer to accommodate LTR frames

standard that allows up to 16 reference frames for motion es-

but this reduces the buffer usage for other frames.

timation. A further improvement in video coding is achieved

paper, we examine a rate control method for dual-frame video

if the reference frames are temporally separated [4]. In dual-

coding with a delay buffer constraint. This work is inspired

frame video coding, two frames are used for inter prediction, a

by the rate control used in [8] where separate rate control was

short-term reference (STR) and a long-term reference (LTR),

implemented for both regular and high quality LTR frames.

In this

as shown in Figure 1. Both encoder and decoder store LTR

In this paper, we propose a buffer threshold strategy to

n, the STR is frame
n − 1 and the LTR is frame n − k , for k > 1. The LTR frame

accommodate large size LTR frames. For reducing loss due

can be chosen by jump updating, in which the LTR frame re-

tion parameter (QP) adjustment that limits the buffer usage.

N

frames, then jumps forward

We use a motion activity detection algorithm to determine the

N frames and again remains the same for encoding the
next N frames. In jump updating, every frame serves as an
th
STR, but only every N
frame serves as an LTR; this allows

number of bits for a high quality LTR frame. The proposed

and STR frames. For encoding frame

mains the same for encoding
by
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to buffer overow, we use a buffer threshold for quantiza-

method outperforms the standard H.264 rate control [9] and
the rate control for dual-frame video coding proposed in [8]
even when a modication for reducing the loss due to buffer

ter for Wireless Communications at UCSD, and the UC Discovery Grant pro-

overow is incorporated in both these methods. Note that the

gram of the State of California.

typical H.264 rate control algorithms do not perform well be-

cause those algorithms are not designed to handle the extra

dropped is high. This also happens in the rate control imple-

bits for the LTR frames in dual-frame video coding.

mentation given in [8] where two separate rate control paths,

The rest of the paper is organized as follows: Section 2

one each for the regular and LTR frames, were used by the en-

describes the delay associated with video encoding. Section

coder. The rate for LTR frames was assumed to be three times

3 discusses the rate control method for dual-frame video cod-

that of regular frames. The rate control in H.264/AVC was

ing using the motion activity detection algorithm. Simulation

used for both paths and the quality improvement as a function

results and conclusions are given in Section 4.

of encoder output buffer size was shown over video coding
with two STR frames.

2. VIDEO ENCODING DELAY
Delay at the encoder comes from input buffer delay, encoder
processing delay, and output buffer delay as shown in Figure 2. We use IPPP coding format, so all frames are processed
sequentially, and there is a constant input buffer delay of one
frame. The processing delay is platform dependent and, for
the purpose of rate control, we ignore this delay. The encoder
generates a variable size of encoded bitstream for each frame
while we assume transmission at constant bit rate. Therefore,
we need to store bits in an encoder output buffer.

Input
Buffer

Input
Frames

Output
Buffer

H.264 Encoder

Constant Rate
Encoded Bitstream

Rate Adjustment

Since the LTR frames are encoded

with separate rate control, there may be cases where the quality of an LTR and its adjacent regular frames is similar, thus
losing the importance of an LTR frame.

This method uses

the SKIP mode to drop macroblocks (MBs) in case a frame
would cause a buffer overow. While this rate control method
works well for high rate, the LTR frames in low rate coding
suffer many MB drops due to their large size.
In our approach for rate control using a buffer, we try to
keep the buffer fullness at a predetermined fraction (bf low)
of total buffer size. We slowly increase the QP if the buffer
level crosses bf low to avoid MB losses. Otherwise, we let
the H.264 R-D optimization determine the QP. If an LTR
frame comes then we increase the buffer fullness threshold
to a higher level (bf high) because LTR frames are assigned
more bits. After the LTR frame, we slowly reduce the threshold from bf high to bf low within bf slope frames. This pro-

Fig. 2. Delay components at the video encoder.

cess is shown in Figure 3. We use the H.264 rate control if
the buffer fullness is within the specied buffer fullness level

Let

R

coded at

be the transmission rate and let the video be en-

f

frames per second.

If each frame is encoded

R
f bits then we do not need any encoder output buffer.
However, this leads to a very poor video quality since not

with

otherwise we increase the QP. Note that bf high, bf low, and
bf slope are determined experimentally using a set of training
sequences. We have not yet tried to optimize these values for
any particular type of sequence.

all frames require the same number of bits. In practical scenarios, frames are assigned bits based on their relative complexities.

Frame complexity is often estimated using mean

Total buffer
bf_high

absolute difference (MAD) which is the difference between
the original frame and the predicted frame. Since the current
frame is not yet encoded, the H.264 rate control [9] algorithm

bf_low

predicts the current frame MAD from the previously encoded
frame MAD. A more accurate MAD prediction was proposed
in [10].

For a given target rate for the current frame and

Frame
number

0
bf_slope
LTR Frame

MAD, the QP is calculated using a quadratic rate-distortion
(R-D) model. However, it is difcult to predict the exact QP

bf_slope
LTR Frame

that will produce the encoded bits for a frame close to its tar-

Fig. 3. Target buffer level for the proposed rate control algo-

get bits. This leads to the requirement of having an encoder

rithm for dual-frame video coding.

output buffer that can convert variable encoder output rate to
constant rate for transmission. With a buffer constraint, the
frames (or part of a frame) that exceed the buffer limit are
dropped. This leads to error propagation and video quality
deterioration.

With this single rate control path to accommodate both
regular and LTR frames, the LTR frames are of higher quality
than adjacent frames yet we seldom need to skip MBs to
avoid buffer overow. The number of bits and the QP for a
high quality LTR frame are determined by motion activity as

3. RATE CONTROL FOR DUAL-FRAME VIDEO

discussed below.

CODING
Motion activity detection and rate allocation:

In dual-

With dual-frame coding where many bits are assigned to a

frame coding, a key issue is to allocate an appropriate number

LTR frames, the chances of a portion of LTR frames getting

of bits to ensure a high quality LTR frame. For a low motion

video, we allocate many bits to the LTR frame since the qual-

30.5

ity of subsequent frames will also be high as they are similar
to the LTR frame. For a high motion video, it is not desirable

30

to spend many bits on an LTR frame because its higher qualdifferent from the LTR. Motion activity detection and rate
allocation for LTR frames was proposed in [11] and is briey
described here.
The motion of a video sequence is detected by comparing

29.5

PSNR(dB)

ity will soon be lost as the subsequent frames rapidly become

29
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the current frame with the previous frame. We calculate the
sum of absolute differences (SAD) between each MB and the
28

co-located MB in the previous frame. The MB is considered

JM RC
JM PULSE
LTR BUF MGMT

active if the SAD is above a predetermined threshold (500),
otherwise it is considered inactive. The bit allocation for the

27.5
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LTR frame is given by

0.1
0.15
0.2
Encoder output buffer delay (in seconds)
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(a)



if m > 0.5
2 × reg bits,
LT R bits = 10 × reg bits,
if m < 0.1


(12 − 20 × m) × reg bits, otherwise

34
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(1)

m

is the average fraction of active MBs in the 10

frames prior to an LTR frame and

reg bits

is the average

number of bits assigned to a regular frame.

LT R bits

are

also upper-bounded by the remaining space in the encoder
buffer. The encoded bitstream is standard compatible.
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PSNR(dB)

where

32.5
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To make an unbiased comparison, we modied the rate control algorithm in H.264/AVC by maintaining a buffer thresh-

31.5

JM RC
JM PULSE
LTR BUF MGMT

old in the encoder output buffer. If the buffer fullness exceed
this threshold, we adjusts the QP to reduce MB losses. Similar modication is also applied in the rate control proposed

31
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0.05

in [8]. These improved rate control algorithms are then com-

0.25

0.3

(b)

pared with the rate control proposed in this paper.
Fig. 4.
4. RESULTS
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Encoder output buffer delay (in seconds)

Variation of PSNR with the encoder output buffer

delay (in seconds) for (a) News and (b) Container video sequence at 18kbps.

The simulation was performed using JM 10.1 [12] reference software for H.264/AVC baseline prole. All the video
sequences used in the simulation were 300 frames QCIF

Figure 4 shows the variation of PSNR with the encoder

(176×144 pixels) at 30 fps. The distance between two LTR

output buffer delay for News and Container videos at 18kbps.

frames was 25 frames.

We calculate the average MSE for

In both videos, JM RC performs better than JM PULSE for

each frame and across all frames of a video sequence, and

smaller encoder buffer size because the chances of loss in the

then convert to PSNR for reporting our results.

LTR frames due to buffer overow are very high. Even with

For H.264 rate control with two STR frames (JM RC)

the QP adjustments, sometimes it is not possible to avoid MB

and the rate control used in [8] (JM PULSE), we keep the

loss. As expected, JM PULSE performs better than JM RC at

encoder output buffer threshold at 50%. This means we start

larger encoder buffer size due to the advantage of high qual-

adjusting the QP at this threshold for avoiding MB losses in

ity LTR frames over the two STR frames. By appropriately

the frame. If the frame size exceeds the buffer size, then we

managing the buffer usage for LTR frames, MB losses are fur-

drop MBs using the skip mode.

The skipped MBs are re-

ther reduced in LTR BUF MGMT thus improving the perfor-

constructed using motion compensated prediction from the

mance over JM PULSE. The performance is further boosted

STR frame where neighboring motion vectors are used to nd

by choosing the appropriate number of bits for high quality

the motion vector of the lost MB. In our work (LTR BUF

LTR frames based on motion activity level instead of using

MGMT), we keep bf low at 40% and bf high at 65% of the

some average number of bits. Therefore, LTR BUF MGMT

total buffer size. The bf slope is 15 frames for the LTR dis-

outperforms both other methods at all encoder buffer sizes.

tance of 25 frames.

The effect of high quality LTR frames can be seen from Fig-

bit allocation for LTR frames can be optimized for a particu-

34.5

lar video sequence to further improve the performance.
34
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