
PRACTICAL RATE CONTROL ALGORITHM FOR TEMPORAL SCALABILITY
IN SCALABLE VIDEO CODING

Jiaying Liu†, Yongjin Cho†† and Zongming Guo†∗

†Institute of Computer Science and Technology, Peking University, Beijing, China 100871
††Ming Hsieh Department of EE, University of Southern California, Los Angeles, CA 90089

ABSTRACT
A rate control algorithm for hierarchical B-pictures in Scal-
able Video Coding (SVC) is proposed in this work. The com-
plex inter-frame dependency issue is effectively addressed
by the Q-distance policy decision rule while the statistical
smoothing effect enables the GOP-based precise bit rate con-
trol. The simplicity of the decision processes greatly reduces
the encoder complexity providing an efficient and effective
rate control algorithm with hierarchical B-pictures. Experi-
mental results verify the significant performance gain by the
proposed algorithm.

Index Terms— Rate control, temporal scalability, scal-
able video coding

1. INTRODUCTION

A rate control algorithm provides an efficient encoder con-
trolling tool with video codecs enabling the production of the
compressed bit stream at a target bit rate precisely. With its
unique GOP structure and intractable three dimensional scal-
ability, H.264/SVC depicts an interesting but extremely in-
volved rate control problem. That is, it is highly required to
develop an efficient and effective rate control algorithm for
the practical encoder control of H.264/SVC.

Our first target is the rate control of hierarchical-B pic-
tures which lies in the spatial and the quality base layer. A
GOP of H.264/SVC is composed of a key frame of I- or
P-pictures and hierarchically aligned B-pictures to imple-
ment the temporal scalability and to achieve high coding
performance. The generic coding efficiency issue of the
scalable video is effectively addressed by the temporal layer
QP-cascading, by which the quantization parameter (QP)
for each frame is determined based on the temporal layer it
belongs to [1]. With the complex inter-dependency of the
hierarchical B-pictures as the major obstacle, a rate control
algorithm has to determine the QP of each frame to produce a
rate-distortion (R-D) optimized bit stream at a target bit rate.
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The conventional trellis-based solution framework is per-
formed by Pranantha et al. in [2] and Xu et al. proposed an
rate control algorithm for hierarchical B-pictures, which de-
termines the frame QPs based on scaling factors [3]. Whereas
the first approach suffers from the complexity requirement
for the R-D data generation, the coding gain by the latter
is relatively small when compared to that by QP-cascading
scheme employed in the current reference software Joint Scal-
able Video Model (JSVM). The proposal JVT-W043 [4] intro-
duced the quadratic rate control scheme into the base layer of
JSVM, which has been adopted.

With the development of a practical algorithm as the main
objective, we propose a two-pass rate control algorithm for hi-
erarchical B-pictures. The experimental results show that the
proposed algorithm precisely controls the output bit rate with
a significant coding gain at a highly reduced complexity. The
proposed algorithm is composed of a sequence of two deci-
sion stages which separately tackles the R-D performance and
the rate control issues. The pre-analysis of an original input
GOP addresses the R-D performance issue while avoiding the
excessive complexity of the exhaustive R-D analysis as in [2].
Moreover, the simplified GOP rate model in [5] enables the
precise bit rate control in a single pass of pre-encoding.

The rest of this paper is organized as follows. The prob-
lem formulation and the whole solution framework are for-
mulated and described in Sec.2. Sec.3 has demonstrated the
practical rate control algorithm for temporal scalability. Ex-
perimental results are given in Sec.4. Finally, concluding re-
marks are given in Sec.5.

2. SOLUTION FRAMEWORK

2.1. Problem Description

The production of an R-D optimized compressed bit stream at
a target bit rate is the final objective of rate control algorithms.
Conventionally, the Lagrangian optimization method has pro-
vided a clear problem formulation and a neat solution frame-
work with the R-D optimized rate control problem. However,
despite the advantage of its ability to provide a clear analyt-
ical expression, it can hardly serve as a solution framework
to the rate control problems considering highly complicated
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inter-frame dependency.
The major obstacle against the employment of the La-

grangian framework is the intractability of the dependency
relationship of frames, which makes it infeasible to develop
analytical models of the rate and the distortion characteristics
of dependent frames. For this reason, we divide the R-D opti-
mized rate control problem into consecutive sub-problems of
a frame-layer Q-distance policy and Q-root decision problems
to draw a tractable solution framework.

2.2. Problem Formulation

The GOP rate control via frame layer bit allocation is formu-
lated as a frame layer Q-selection policy decision problem of
which the result is a vector of frame QPs. Mathematically,

Q∗ = argmin
Q∈𝒬𝑁𝐺𝑂𝑃

{𝐷𝐺𝑂𝑃 }

Subject to 𝑅𝐺𝑂𝑃 ≤ 𝑅𝑇,𝐺𝑂𝑃 ,
(1)

where 𝐷𝐺𝑂𝑃 =
∑𝑁𝐺𝑂𝑃

𝑖=1 𝐷𝑖, 𝑅𝐺𝑂𝑃 =
∑𝑁𝐺𝑂𝑃

𝑖=1 𝑅𝑖, Q∗ =
[𝑄∗

1, 𝑄
∗
2, . . . , 𝑄

∗
𝑁𝐺𝑂𝑃

] ∈ 𝒬𝑁𝐺𝑂𝑃 , 𝑁𝐺𝑂𝑃 is the number of
frames in a GOP, 𝒬 = {0, . . . , 51} is the set of all possible 𝑄
values and 𝑅𝑇,𝐺𝑂𝑃 is the target GOP rate.

The Q-selection policy decision problem is divided into
two tasks of 1) the Q-distance policy and 2) the Q-root deci-
sion problems. We define a vector Δ = [𝛿1, 𝛿2, . . . , 𝛿𝑁𝐺𝑂𝑃−1]
to represent the QP differences of B-frames from its reference
frames. Then, the solution to the Q-distance policy decision
problem seeks for an optimal QP-difference vector result-
ing in the minimum GOP distortion at any given GOP rate.
Mathematically,

Δ∗ = argmin
Δ∈Δ𝑁𝐺𝑂𝑃 −1

{𝐷𝐺𝑂𝑃 ∣𝑅𝐺𝑂𝑃 } (2)

Given a QP-difference vector, the Q-root decision stage fol-
lows seeking for the key frame QP (𝑄∗

𝑘𝑒𝑦) which meets the
target bit rate constraints. That is,

𝑄∗
𝑘𝑒𝑦∣Δ = argmax

𝑄∈𝒬
{𝑅𝐺𝑂𝑃 (𝑄∣Δ)}

Subject to 𝑅𝐺𝑂𝑃 ≤ 𝑅𝑇,𝐺𝑂𝑃 .
(3)

2.3. Q-distance Policy Decision

The frame layer inter-GOP Q-distance policy decision is con-
sidered in this stage by the QP-difference vector (Δ) decision
process. For inter-predictively coded frames, it is desirable
that frames with high temporal variations are assigned large
number of bits for the overall coding performance enhance-
ment of a GOP. Conversely, frames consuming more bits at
the same QP are necessarily of higher temporal variations
than frames requiring less bits.

The QP-cascading in H.264/SVC provides a very effec-
tive tool for the improvement of coding efficiency of the hi-
erarchical B-pictures. However, in the current JSVM imple-
mentation, its usage is mislead in that only the temporal layer

is considered for the internal QP assignment. That is, the
characteristics of individual frames are not properly exploited
resulting in a possible coding gain loss within a GOP. Given
the base QP (𝑄𝑏𝑎𝑠𝑒) of the lowest temporal layer, the temporal
layer QP allocation is determined by

𝑄𝑖 = 𝑄𝑏𝑎𝑠𝑒 − 6× log2(𝑆𝐹𝑖),

where 𝑖 refers to the temporal layer and the scaling factor 𝑆𝐹𝑖

is determined by the temporal layer and the filtering and the
prediction options [6].

In the proposed algorithm, the B-frame complexity intro-
duced in [5] is employed for the Q-distance policy decision
process for its simplicity. The complexity can be computed
from original pictures by

𝑆𝐵 =
𝐻∑

𝑦=0

𝑊∑
𝑥=0

min

(
∣𝑓𝑖(𝑥, 𝑦)− 𝑔𝑖(𝑥, 𝑦)∣,
∣𝑓𝑖(𝑥, 𝑦)− ℎ𝑖(𝑥, 𝑦)∣

)
, (4)

where 𝑓𝑖 is the current frame and 𝑔𝑖 and ℎ𝑖 refer to the closest
forward and backward reference frame of 𝑓𝑖 respectively.

The Q-distance policy decision rule is defined as a binary
decision problem represented by

𝑆𝐵𝑖 ≥ 𝜁 ⇒ 𝛿𝑖 = 1

𝑆𝐵𝑖 < 𝜁 ⇒ 𝛿𝑖 = 2,
(5)

where 𝜁 is a pre-determined threshold value. The value of
𝛿 is set to 1 or 2 guided by the monotonicity property while
avoiding excessive frame-by-frame quality fluctuations in the
hierarchical B-pictures.
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Fig. 1. B-frame complexity calculation

As depicted in Fig.1, sequences with high temporal vari-
ations (e.g., Football and Soccer) show dramatic complexity
variations over frames while the fluctuation remains relatively
stable with low motion sequences such as Carphone and Table
Tennis.

Fig.2 empirically justifies the employment of the B-
frame complexity for the Q-distance policy decision process.
Whereas the rate and the complexity are irrelevant in low
motion sequences, the relationship between them depicts a
strong correlation for the sequences with high temporal vari-
ations. This observation plays the key role in determining the
threshold value (𝜁) in Sec.3.
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Fig. 2. Rate vs. Complexity

2.4. Q-root Decision

The simplified linear GOP rate model proposed in [5] is em-
ployed to produce the bit stream at the target bit rate, where
the rate of a GOP is modeled as a function of the GOP com-
plexity and the quantization step size (𝑄𝑠). Mathematically,

𝑅 = 𝜂 ⋅ 𝑆

𝑄𝑠
, (6)

where 𝜂 is the model parameter depending on the GOP char-
acteristics.

Since the GOP complexity is computed from the original
frames, the GOP complexity (𝑆) is constant given a GOP. For
this reason, we can further simplify the expression into

𝑅 = 𝛼 ⋅𝑄−1
𝑠𝑘𝑒𝑦

, (7)

where 𝑄𝑠𝑘𝑒𝑦
is the quantization step size of the key frame of

a GOP.
One of the major advantages of the GOP-based rate con-

trol is the statistical smoothing effect. That is, the random
behaviors of the smaller encoding units such as frames, slices
and macroblocks (MBs) are statistically stabilized resulting
in a stationary process. Because the linearity of GOP rate
still holds despite the internal variations caused by individ-
ual frames’ rate fluctuations, the statistical smoothing effect
becomes even more desirable for extremely dependent hierar-
chical B-pictures than for the conventional H.264/AVC GOP
structures.

3. SIMPLIFIED RATE CONTROL ALGORITHM

The proposed rate control algorithm is composed of three
stages of pre-analysis for Q-distance policy decision, model-

based Q-root decision and encoding at a target bit rate. Fig.3
explains the GOP-based encoding procedure of the proposed
algorithm, where the separation of the R-D performance and
the rate control issues is successful.
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Fig. 3. Proposed two-pass rate control algorithm

The first stage of encoding analyzes the input video for
the internal Q-distance policy decision which provides the Q-
distance vector (Δ) with the Q-root decision stage. In the Q-
root decision stage, the key frame QP (𝑄𝑘𝑒𝑦) is determined
by combining Δ and the simplified GOP rate model in Eq.7.

The encoding procedure of the proposed algorithm is
summarized below.

1. Initial bit allocation to a GOP
Based on frame rate 𝐹 and channel rate 𝐶, allocate the
target bit budget 𝑅𝑇 to a GOP according to

𝑅𝑇 = 𝑁𝐺𝑂𝑃 ⋅ 𝐶
𝐹

+𝑅0,

where 𝑅0 compensates for the errors between the target
bits and the actual bits of the previous GOP.

2. GOP pre-analysis for Q-distance policy decision
The Q-distance vector Δ is determined by the decision
rule depicted in Eq. (5).

Δ𝑖 = 𝑆𝐵,𝑖 ≥ 𝜁 ? 1 : 2 ,

3. Q-root decision for Q-selection policy finalization
After encoding the current GOP encoded with the key
frame QP of the previous GOP, 𝑄𝑘𝑒𝑦,𝑝𝑟𝑒𝑣 , the model
parameter 𝜂 is updated. Based on the updated model,
𝑄𝑘𝑒𝑦,𝑐𝑢𝑟𝑟 is determined finalizing the decision on Q-
selection policy for the encoding of the current GOP.

4. Encoding at the target bit rate
The current GOP is encoded with 𝑄𝑘𝑒𝑦,𝑐𝑢𝑟𝑟 and Δ =
[𝛿1, 𝛿2, . . . , 𝛿𝑁𝐺𝑂𝑃−1] to produce the final bit stream of
the current GOP.

5. Iteration
Steps 1 through 4 are applied to the following GOPs
until the end of the input video.

The threshold, 𝜁, is determined by a careful investigation
of its effect on the performance of the algorithm. As shown
in Fig.4, a low threshold value, e.g., 𝜁 = 5, results in the
R-D performance degradation. This is because the improper
bit assignment to frames with low temporal variations. We
set 𝜁 = 15 in the experiment based on the observation of the
irrelevance of the rate and the complexity in Sec.2.3 and the
dynamic range of the frame complexity depicted in Fig.1.
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Fig. 4. Effect of threshold on performance

4. EXPERIMENTAL RESULT

The proposed rate control algorithm was implemented on
JSVM9.12 [6] in our experiments. The experiment is con-
ducted on 241 frames corresponding to 15 GOPs from 4
sequences in the QCIF format for the performance evalua-
tion. The frame rate of each sequence is 30 fps and every
key frame in a GOP is encoded as an I frame. The GOP
is composed of 16 frames which corresponds to 5 levels of
temporal scalability.

The performance of the proposed temporal layer rate con-
trol algorithm is compared with that of JVT-W043 rate control
scheme implemented in the JSVM software reference codec
[4]. Table 1 summarizes the experimental results. The pro-
posed algorithm achieves the maximum bit rate mismatch of
lower than 1% from various target bit rates ranging from 64
to 256 kbps, and the average coding gain is 0.71dB.

Moreover, while achieving the target bit rate the perfor-
mance of the proposed algorithm is compared to that of the
FixedQPEncoder of JSVM. With the FixedQPEncoder, an in-
put video is iteratively encoded until the target bit rate con-
straint is satisfied with the same QP assignments for all GOPs
in the input video. The average coding gain is 0.43dB with
the maximum gain of 0.8dB with the Table Tennis sequence.

5. CONCLUSION

The proposed algorithm achieves a significant coding gain
with a precise rate control to the target bit rate for the hier-
archical B-pictures. By separately considering the R-D per-
formance and the rate control issues, the encoding process
could be significantly simplified.
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