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Abstract — Rate control plays an important role in

video coding and transmission. In this paper, a novel
rate-distortion model has first been proposed to charac-

terize the coding characteristics of stereoscopic video cod-

ing, where the weighted average of the left and right view-
point measured with the Video quality metric (VQM) is

adopted as the stereoscopic video coding distortion metric,
instead of Mean square error (MSE). Then a frame layer

rate control method for stereoscopic video coding has been

presented based on the proposed R-D model. Experimen-
tal results demonstrate that, the proposed R-D model can

accurately characterize the relationship among coding dis-
tortion, coding rate and quantization parameter and the

proposed rate control method can efficiently control the

output bit rate consistent with the target bit rate while
the R-D coding performance is superior to that of JMVC

4.0.
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I. Introduction

Rate control plays an important role in video coding and

transmission. On the one hand, it is an essential component

for robust video transmission, especially over time-varying and

narrowband channel, where the transmission channels usually

have fluctuated bandwidth. Hence, with the rate control tech-

nique, we can control the output bit rate according to the

channel conditions and buffer size etc. On another hand, rate

control is also beneficial to improve the video quality. The

compression efficiency of the video encoder and the recon-

structed video quality can be greatly improved through op-

timal bit allocation.

Source model was first presented by Hang H.M. et al in

1997[1] , which describes the relationships among the output

rate (R), coding distortion (D) and quantization parameter

(QP). Source models are also called Rate-distortion (R-D)

models to characterize the coding performance of the video

encoder. Currently, many R-D model based rate control algo-

rithm have been applied in many coding standards. Such as

the first-order linear model has been used in MPEG-2 TM5

rate control algorithm[2], and the quadratic model has been

used in MPEG-4 VM8 algorithm[3] . TMN8, proposed by Jordi

Ribas Cobera et al., has been used in H.263 rate control algo-

rithm, and its R-D model is the combination of the logarith-

mic model and the quadratic model[4]. With recent advances

in stereoscopic video coding, the research on rate-distortion

model based rate control for stereoscopic videos has attracted

high interest over the past years. Generally speaking, the rate-

distortion models used for the stereoscopic video coding cur-

rently are mostly the improvements of traditional quadratic

R-D model[5,6].

The rest of this paper is organized as follows. The proposed

rate-distortion model for stereoscopic video coding is studied

in the Section II. The frame layer rate control method based

on the proposed R-D model is presented in the Section III.

The experimental results are analyzed in Section IV. Section

V concludes the paper.

II. Proposed Rate-Distortion Model for
Stereoscopic Video Coding

1. Coding framework of stereoscopic video

In this paper, MVC is used as the coding framework of

stereoscopic video. MVC was proposed by ITU-T and MPEG

Joint Video Team (JVT) to achieve a high multi-view video

coding efficiency. The coding architecture of stereoscopic video

coding is shown in Fig.1[7] . It can be seen that the stereoscopic

video encoder usually adopts the combination of Disparity

compensated prediction (DCP) and Motion compensated pre-

diction (MCP) method to completely remove the redundant

information.

2. Coding distortion measurements of stereoscopic

video

VQM, which is developed by the Institute of Telecom-

munication Sciences (ITS) and American National Standard
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Institute (ANSI), is a standardized objective video quality

metric[8]. VQM can represent both the perceived overall image

quality and depth of 3-D video well and has shown a better

performance in terms of stereoscopic video coding distortion

compared with the traditional PSNR metric[9].

It’s known that, according to the characteristics of human

visual perception, if the right and left views are displayed

with different quality and resolutions, the overall 3-D video

quality is determined by the view with the better quality and

resolution[10] . Based on this theory, in this paper, we use the

weighted average VQM of the left and right views instead of

the average VQM as the stereoscopic video coding distortion

metric, where the weights are set to 0.7 (left) and 0.3 (right)

respectively.

3. The actual R-D model for stereoscopic video

coding

MVC coding framework supports two kinds of coding

modes, i.e. Intra and Inter mode. The coding structure of

I frame and P frame is quite different, thus the coding distor-

tion property also varies. Therefore, we need to set up their

R-D model respectively.

In order to analyze the rate distortion characteristics of

stereoscopic video encoder, three kinds of 3-D video sequences

with different motion characteristics are tested in this pa-

per firstly. For each sequence, 250 frames are chosen for the

test, and the frame rate is fixed to 25 frames/s. We take

2 views from 8 views video to test using the weighted aver-

age VQM of the left and right views as the coding distortion

metric. To measure the R-D characteristics of I frame, the

coding structure is set as all I frames. While for P frames, the

IPPP· · ·IPPP· · · coding structures is utilized. The GOP size

is set as 8 and the QP value as 5, 10, 15· · ·50 respectively for

each sequence.

Fig.2 shows the relationship curves of rate vs. distortion,

quantization parameter vs. distortion, and rate vs. quantiza-

tion parameter of I frame for the Ballroom sequence, which are

simply called R-D, Q-D and QP-R curve respectively. Fig.3

shows the P frame results of Ballroom sequence. From Fig.2

and Fig.3, it can be seen that a quadratic polynomial model

exhibits the best correlation with Q-D curve for both I frame

and P frame. However, it is difficult to approximate the rela-

tionship of R-D and QP-R.

Fig. 1. The coding framework for stereoscopic video coding

4. The proposed R-D model for stereoscopic video

coding

We have found through a large number of experiments that

if we adopt exponential function directly to fit the R-D and

R-Q curves in Fig.2 and Fig.3, its accuracy is very low and it

Fig. 2. R-D, Q-D and QP-R curves of Ballroom sequence I frame. (a) R-D curve; (b) Q-D curve; (c) QP-R curve

Fig. 3. R-D, Q-D and QP-R curves of Ballroom sequence P frame. (a) R-D curve; (b) Q-D curve; (c) QP-R curve
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can lead to the rapid increase of computational complexity.

However, if we compute logarithmic operation on R, and list

the results again in Fig.4 and Fig.5, we can see clearly that

a cubic polynomial model can describe the log R − D and

log R − Q curves well whether for I frame or P frame, which

will reduce the computational complexity of the model to a

certain extent.

Fig. 4. log(R)-D and log(R)-Q curves of Ballroom I frame.
(a) log(R)-D curve; (b) log(R)-Q curve

Fig. 5. log(R)-D and log(R)-Q curves of Ballroom P frame.
(a) log(R)-D curve; (b) log(R)-Q curve

Therefore, considering the trade-offs between the model

complexity and accuracy, we characterize the rate distortion

characteristics of both I frame and P frame using the same

simple cubic model. In this paper, rate-distortion model for

stereoscopic video coding has been proposed as follows:⎧⎪⎨
⎪⎩

R − D : Dp = p1 log3(R) + p2 log2(R) + p3 log(R) + p4

Q − D : Dp = p5QP 3 + p6QP 2 + p7QP + p8

R − Q : QP = p9 log3(R) + p10 log2(R) + p11 log(R) + p12

(1)

where QP is the quantization step, R is the coding rate, DP is

the coding distortion measured using VQM, pi, i = 1, 2, · · · , 12
are the parameters of the proposed model.

5. Experimental results and analysis

The accuracy of R-D model is essential for the subsequent

rate control results. Several 3D video sequences are tested and

compared to validate the accuracy of R-D model presented in

this paper. Fig.6 shows the comparison of the model data

and actual test data of Vassar sequence. From Fig.6, it can

be seen that the R-D model presented in this paper coincides

well with the actual R-D curves, and the model can accurately

characterize the relationship among coding distortion, coding

rate and quantization parameter. Similar results have been

achieved when other sequences were tested.

III. Proposed Frame Layer Rate Control
Method

The goal of rate control method is to control the output bit

rate of the encoder consistent with the target bit rate Under

the given target bit rate constraint, the first step is to estimate

the Quantization parameter (QP) of source encoder according

to the proposed model. And then encode the current frame

with the estimated QP parameters.

In this paper, the basic rate control unit is GOP. For the

R-D model based rate control method, the key is to calculate

the parameters of the model. Duo to the characteristics of the

neighboring frames are very close to each other, the coding

statistics of previous coded frames can be utilized to estimate

the model parameters of the current frame. Therefore, the

method can be implemented with the following steps:

Step 1 Initialization

• Encode the I frame with the preset QP param-

eters and obtain the output bit number BI . Set

Encoded Frame Num = 1. Subtract BI from the target bits

BT and get the remaining bits BP used for the P frames of

GOP.

BP = BT − BI (2)

where BT =
Rtarget

Frame rate
·GOP Size, GOP Size is the GOP

size and Rtarget the target bit rate.

• Encode the 1st, 2nd, 3rd and 4th P frames with

the preset QP parameters and achieve four sets of data,

i.e. (R1, QP1), (R2, QP2), (R3, QP3) and (R4, QP4). Set

Encoded Frame Num = 5.

Step 2 Determine the QP

• Calculate the target bits Bi of the remaining P frames

in the same GOP using the Eq.(3):

Bi =

Bp −
Encoded F rame Num∑

i=1

Ri

GOP − Encoded Frame Num
(3)

Fig. 6. Comparison between proposed model and actual data of vassar sequence. (a) R-D curve; (b) Q-D curve; (c) R-Q curve
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• Estimate the model parameters of Eq.(1) using

(R1, QP1), (R2, QP2), (R3, QP3) and (R4, QP4), then use these

model parameters to determine the QP value of the current

frame corresponding to the target bits.

• Encode the frame with the achieved QP and obtain the

output bit number of the current frame.

Step 3 Update

• Update the coding data in Eq.(1) using the newly out-

put bit number and QP. Use these coding data to estimate the

model parameter of the next frame.

• Update Encoded Frame Num = Encoded Frame

Num + 1.

Step 4 Loop over frames

• Repeat step 2 and 3 until all the P frames in the current

GOP are encoded.

IV. Experimental Results and Analysis

In order to validate the effectiveness of our proposed rate

control method in this paper, we performed experiments over

several stereoscopic video test sequences with different motion

characteristics. And we compared our proposed method with

the fixed QP method of JMVC reference software. In the ex-

periments, we test 250 frames for each sequence, and the frame

rate is fixed to 25 frames per second. The coding structure of

IPPP· · ·IPPP· · ·is utilized to encode each GOP. The GOP size

is set as 15. The Rate control error (RCE) is used to measure

the accuracy of rate control method:

RCE =
|Rtarget − Ractual|

Rtarget
× 100% (4)

Table 1 illustrates the difference between the target bit

rate and the actual output bit rate for various video sequences.

From Table 1, it can be seen that the proposed rate control

method can efficiently control the output bit rate consistent

with the target bit rate. The average rate control error is about

3%. Fig.7 and Fig.8 show the R-D performance curves of Ball-

room and Exit sequences using the proposed rate-controlled

method and JMVC 4.0 method respectively. It can be seen

from the Fig.7 and Fig.8 that, the R-D performance of the pro-

posed RC algorithm is superior to that of JMVC 4.0 method,

and a certain amount of coding gain have been achieved for

some sequences.

Fig. 7. Comparison of R-D performance with different meth-

ods for Ballroom sequence

Fig. 8. Comparison of R-D performance with different meth-

ods for Exit sequence

Table 1. The difference between the output bit rate

and the target bit rate for various video sequences

Test Bit rate (kbit/s)

sequences Target bit rate Actual bit rate
RCE (%)

6543.068 6324.1224 3.346

Ballroom 2123.4784 2112.5580 0.514

946.044 979.6448 3.552

4769.2176 4592.6684 3.702

Exit 1145.7196 1175.4584 2.596

372.3664 365.9608 1.720

7177.8368 6873.018 4.247

Vassar 1944.4324 1805.6980 7.135

373.874 381.7824 2.115

4271.6256 4111.7936 3.742

Race1 2121.6644 2202.5396 3.812

927.166 949.7148 2.432

3359.4508 3517.4008 4.702

Flamenco2 1798.9368 1823.2428 1.351

921.9116 955.1424 3.604

Generally speaking, the proposed rate control method can

efficiently control the output bit rate consistent with the target

bit rate while the R-D coding performance is superior to that

of JMVC4.0 method. The proposed rate control method can

be applied in the stereoscopic video coding and transmission

applications.

V. Conclusion

In this paper, a novel R-D model for stereoscopic video

coding is first proposed using the weighted average VQM of

the left and right views as the stereoscopic video distortion

metric, where the weights are set to 0.7 and 0.3 respectively.

A cubic polynomial model is proposed to describe the correla-

tion curves i.e. log R and distortion D, as well as log R and QP

for both I frame and P frame. The experimental results indi-

cate that, the R-D model presented in this paper coincides well

with the actual stereoscopic video coding curves. Then a rate

control method for stereoscopic video coding at frame layer

has been presented based on the proposed R-D model. Exper-

imental results demonstrate that, the proposed rate control

method can efficiently control the output bit rate consistent

with the target bit rate while the R-D coding performance is

superior to that of JMVC4.0 method.
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