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ABSTRACT 

To map the data rate to the available channel bandwidth, one 

method is to switch between video streams of different qualities 

using either intra (I-) frames or the switching predictive (SP-) 
frames of H.264. Due to its better coding efficiency SP-frames are 

preferred over I-frames, but these frames are generally exercised 

with variable bit rate (VBR) coded videos, therefore limiting their 
usage. For constant bit rate (CBR) coded videos, in which the 

quantization parameters (QP) are decided on the fly for every 

macro block, the design of SP-frames becomes difficult due to the 
multiple (twice) quantizations used in SP-frames. In this paper we 

propose to design SP-frames for CBR coded videos, selecting the 

QPs in such a way that the varying QP nature of CBR coding is 
preserved. The proposed algorithm is compared with the already 

implemented SP-frame concept for VBR video coding, showing 
that both the concepts have similar behavior.  

Categories and Subject Descriptors 

C.2.1 [Computer-Communication Networks]: Network 

communications---Wireless communication; H.3.4 [Information 

Storage and Retrieval]: Performance evaluation (efficiency and 

effectiveness); H.5.1 [Multimedia Information Systems]: Video; 

I.4.1 [Digitization and Image Capture]: Quantization 

General Terms 

Measurement, Performance. Multimedia 

Keywords 

Constant bit rate, H.264/AVC, Switching frames, Variable bit 

rate, Video Streaming 

1. INTRODUCTION 
One of the most important goals for which a video streaming 
system is designed, is the continuous reception of video stream 

without any interruption [1]. Due to the varying bandwidth nature 

of today’s mobile networks, one of the key problems in the video 
streaming is to match the data rate of the transmitted video 

according to the varying network conditions [2].   

Various techniques are proposed in the literatures to sort out this 
problem [3]-[6]. Among these, dynamic switching among 

different independently encoded bit streams of the same video, 

having different quality and hence different bit rates [1][7] is 
widely used. This has been successfully implemented in 

applications like “SureStream” of real networks and “Intelligent 

streaming” from windows media using periodically inserted I-
frames for switching between the streams [8]-[10].  

In H.264/AVC, SP-frames have been defined [11]-[13] for the 
drift free switching among multiple bit streams instead of I-frames 

due to their better coding efficiency. H.264/AVC specifies two 

types of switching frames, namely the primary SP (PSP-) frames 
and the secondary SP (SSP-) frames. They use motion 

compensated predictive coding and thus have better compression 

efficiency than the I-frames [11]-[12], albeit at relatively lower 
quality. As long as switching is not desired PSP-frames are 

transmitted instead of P-frames at the preselected positions. If 

switching becomes necessary, an SSP-frame, which is a mismatch 
free version of the PSP-frame, is transmitted at the switching 

instance, replacing the PSP-frame at that position. 

As the SP-frames are defined for VBR coded videos only, limiting 

their benefits to only VBR coded videos. Therefore it is an 
indisputable requirement to design SP-frames for the CBR coded 

video to increase its area of application and hence to improve 

quality of service (QoS) by efficiently matching the data rate to 
the available bandwidth.  

As the SP-frames use two user defined quantization parameters 
[15]-[17], but in almost all the codecs (including H.264/AVC), 

the generation of CBR bitstreams requires the use of one QP 

selected according to the rate distortion optimization [14]. Thus 
the problem of CBR bitstream switching using SP-frames is that 

how to select the QP pair for these frames without sacrificing the 

varying QP nature of the CBR encoder. 

This paper addresses this issue and proposes a solution based on 

the characteristics of SP–frames, selecting QP pair for these fames 
in such a way that this basic nature of the CBR video is preserved. 

Simulation results show that our proposed concept of switching 

frames of the CBR has similar behavior to that of the VBR and 
can be used for drift free switching between CBR video streams of 

different bit rates.   
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The remaining parts of the paper are organized as follows: the 

switching frames and the effects of quantization parameters are 
investigated in section II. Section III describes switching frames 

for CBR video. Section IV includes simulation results and finally 

concluding remarks are given in section V. 

2. ANALYSIS OF VBR SP-FRAMES 
SP-frames have been defined in H.264/AVC for drift free 
switching between multiple copies of the same video coded with 

different qualities [11]-[12]. The whole switching concept is 

carried out in two steps using two switching frames, namely PSP-
frames and SSP-frames as shown in Fig. 1. PSP-frames are 

inserted at frame location where switching is desired, If switching 

is required, the SSP-frame is transmitted instead of PSP-frame at 
that frame position [11]-[12]. These are motion compensated 

predictive frames and thus have better compression efficiency 
than the I-frames.  The PSP-frames are coded similar to the 

standard P-frames while the SSP-frames have special encoding 

which leads to the same reconstructed frame as the primary SP-
frame, even if a different reference frame is used [18]. 

A PSP-frame is quantized two times, first coding prediction error 
(QSP) and second predicted blocks (QSSP) before forwarding to 

the reference frame buffer. This second quantization parameter 

enables drift free reconstruction of PSP-frame in the form of SSP-
frame from different reference frames. As double quantization 

parameters increases quantization errors therefore the quality of 

these frames is usually lower than that of the P-frames. To reduce 
the quantization errors the values of QSP and QSSP are taken 

lower than the QP [12][17] giving an equation similar to (1) 

below 

jQPQSSP

iQPQSP

−=

−=
   (1) 

Where i and j are two integers ranging from 0 to QP. 

QSP is the main quantization parameter of the PSP-frame, playing 
the same role as QP in other frames.  Therefore its behavior is 

very straight forward and is not discussed here. The QSSP on the 

other hand is a new concept which affects the reference PSP-
frame before being stored in the reference frame buffer and hence 

is discussed in detail in the following sub-section.  

2.1 Effects of QSSP 
To study the effects of the QSSP on the switching frames, a wide 

range of quantization parameters are tested using different video 
sequences. Here we consider a QCIF video sequence, namely 

“Foreman”, coded at 10fps, with GOP size of 10 having I-frame at 

the GOP boundaries or a PSP-frame after every 10th frame. The 
effects of QSSP on PSP-frame is shown in Fig. 2 for the 

“Foreman” sequence, keeping QSP constant and equal to QP, 

which in this particular test is set to 24 and 28. 

X-axis shows the offset of the QSSP from the QP of the rest of the 

frames (I and P) of the sequence. The bit rate is averaged over a 
GOP of 10 frames including that of a PSP-frame at the GOP 

boundary. It can be seen from Fig. 2 that as QSSP increases, the 
bit rate of the PSP-frame increases and the reason behind this is 

that as the QSSP increases so the distortion of the reference 

frame, and at higher distortion it becomes difficult to predict the 
current PSP-frame from such a distorted reference frame. 

Therefore the encoder increases the number of intra-coded macro 

blocks in the PSP-frame avoiding motion compensation, which in 
response increases the bit rate of the PSP-frames as shown in Fig. 

2.  Therefore keeping the QSSP less than QSP or very close to it 

can help in keeping the bit rate low.  

In the case of switching between streams of different bit rates, the 

SSP-frame having QSSP as the main quantization parameter is 
used. The PSNR of the SSP-frame is equal to that of PSP-frame 

as an exact reconstruction is required. The bit rate of the SSP-

frame not only depends on the value of the QSSP but also on the 
direction of switching i.e. switching from low bit rate to high bit 

rate (up switching) or switching from high bit rate to low bit rate 

(down switching) as shown in Fig. 3 for “Foreman” sequence for 
both up switching (QP 28 to QP 24) and down switching (QP 24 

to QP 28). 
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Figure 2. Bit rate of PSP-frames  

 

Figure 1. Bitstream Switching using SP-frames. 
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Figure 3. Bit rate of SSP-frames  
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Here the bit rate of only SSP-frame (instead of taking the average 

over a GOP) is plotted, as the bit rate of the frames before and 
after SSP-frame remains the same as was in the sequences with 

PSP-frames. The bit rate of the SSP-frame in case of up switching 

is higher than the SSP-frame of down switching. The reason is 
that in up switching the reference frame is of lower quality and the 

frame to be coded (SSP-frame) is of higher quality resulting in 

higher error signal and hence higher bit rate. Similarly the down 
switching results in lower error signal due to higher quality 

reference frame and hence decreasing the bit rate. 

3. DESIGN OF CBR SP-FRAMES 
In CBR coded video the quantization parameters are calculated 

for each and every macro block according to the rate distortion 
optimization. Therefore the main problem in designing switching 

frames for the CBR video is the selection of the QSP and QSSP 
such that the varying nature of quantization parameter in CBR 

coding is not violated.  

As the switching frames are motion compensated predictive 

frames and the only difference between the PSP-frame and the P-

frame is the extra quantization of PSP-frame before feeding it to 
the reference frame buffer. Therefore the value of the main 

quantization parameter QSP is decided by the encoder without 

introducing any changes in the encoder RDO operation, while the 
QSSP is selected as a function of the QSP according to Eqn. (2). 

QSP QP

QSSP QSP j

= 


= − 
   (2) 

Where QP is the quantization parameter of P-frame and j is an 

integer ranging from 0 to QSP. As discussed in section 2.1, QSSP 

helps in reducing the bit rate of PSP-frame by increasing the 
quality of the reference frame. The values of QSSP are set to less 

than QSP so that the bit rate is kept at minimum, reducing burden 

on the overall bit budget of the sequence. The selection of QSP 
equal to QP will not violate the nature of CBR coding as the main 

quantization parameter QSP is selected by the encoder according 

to its RDO criterion. 

R-D comparison of the CBR and VBR coded video are shown in 

figures 4 ‘a’ and ‘b’ for “Foreman” sequence. Average PSNR vs. 
bit rate curves for one GOP are drawn for the QSSP values “QSP-

1” and “QSP-2” along with that of I and P-frames, coding these 

sequences with I-frames at GOP instead of PSP-frames and with 

P-frames at all locations with first frame as intra coded 

respectively. For comparison the bit rate and initial QP of the 
CBR video is kept equal to that of the VBR video.  In both the 

sequences it can be seen that the behavior of the CBR and VBR 

PSP-frames are similar supporting our method of the CBR 
switching frames. 

4. SIMULATION RESULTS 
Extensive simulations were carried out using H.264/AVC (JM 

10.2 as the SP-frames are not supported in the versions after 
JM12) encoder with necessary changes. The results are compared 

for both VBR and CBR SP-frames. For PSP-frames the average 

bit rate and PSNR for the GOP are compared, while in the case of 
secondary switching frames the bit rate and PSNR of the 
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Figure 4. R-D curves for PSP-frame “Foreman” (a) VBR 

(b) CBR 

Table 1 Comparison of VBR and CBR switching frames 

QSP=QP 

 QSSP=QSP 

QSP=QP 

QSSP=QSP-3 

QSP=QP 

QSSP=QSP-6 

PSP SSP PSP SSP PSP SSP 
Sequence 

(bits) (dB) (bits) (bits) (dB) (bits) (bits) (dB) (bits) 

Foreman (VBR) 5572 35.23 19272 5352 35.36 26712 5260 35.46 34752 

Foreman (CBR)  
QP(20-28) 

7825 36.79 24568 7666.4 36.91 32520 7652 36.981 42424 

Akyio (VBR)  2887 40.56 21804 2771 40.73 27912 2719 40.95 35056 

Akyio (CBR) 
QP(32-24) 

2664 39.75 1639 2661 39.82 18664 2484 40.22 26144 
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individual SSP fames are compared for both up switching and 

down switching and is summarized in Table 1. 

In Table 1, the first row shows the equations of the QSP and 

QSSP, while first column shows the sequence names and QPs in 
parenthesis for SSP-frames switching from first value of QP to 

second value. The second value of the QP in parenthesis is also 

used as QP of the rest of the frames of the stream including PSP-
frames. The quantization parameter for the CBR video are the 

initial quantization parameters that keep on changing according to 

the RDO method, here they are written in order to make 
comparison easier with the VBR video. The values of the QSSP 

are taken as a function of the QSP, decreased by 3 from left to 

right. 

It can be seen that as we go from left to right in Table 1, the bit 

rate for PSP-frames decreases and the PSNR increases in both 
types of coding modes showing similar behavior of the switching 

frame in both the cases. This decrease in bit rate and increase in 

the PSNR from left to right is the effect of the QSSP, as the QSP 
remains constant. Similar behavior can be observed for the SSP-

frames; i.e. from left to right the changes in bit rate (increase or 

decrease) is similar in both the coding modes. The bit rate of the 
SSP-frame increases from left to right due to the decrease in the 

value of QSSP. PSNR values for SSP-frames are not shown as 

they are similar to the PSP-frames. The values of the bit rate and 
PSNR are not exactly equal in VBR and CBR coding, and the 

reason is due to varying QP of the CBR coding but it clearly 
shows that the behavior of switching frames in both the coding 

modes is similar, supporting our concept of CBR switching. 

5. CONCLUSION 
Rate distortion characteristics of the switching frames were 

analyzed in detail, with the effects of QSP and QSSP on the bit 
rate and PSNR of SP-frames. In this paper we extended the 

switching frames concept to CBR video and compared the rate 

distortion characteristics of this new approach with existing 
switching frames concept of the VBR video. The main problem 

was the selection of QSP and the QSSP in the CBR scenario 

where the quantization parameters keep changing. In the proposed 
solution, the encoder decides the value of the QSP based on R-D 

criterion, and QSSP which is used for reference PSP-frame is 

selected as a function of the current QSP. In this way the varying 
QP nature of the CBR coding is maintained.  

Simulations showed that the behavior of these CBR SP-frames is 

found to be similar to that of the VBR SP-frames. The CBR 

concept of SP-frames can easily replace the intra frames in the 
widely implemented CBR video streaming, enabling switching 

between CBR video streams of the same sequence coded with 

different bit rates, and hence increasing resource utilization. 
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