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ABSTRACT 

 
In this paper, we propose a novel coding dependency 
among video frames which supports efficient error 
resilience without adding any redundancy. Our approach 
is based upon reorganizing the regular GOP structure. The 
proposed scheme can effectively recover a lost frame and 
prevent error propagation phenomenon. For a single 
frame loss, we guarantee that both of its next and previous 
frames still can be successfully decoded, thus we have 
sufficient temporal and spatial information to reconstruct 
the damaged frame. Our new coding structure even can 
recover the successive lost frames.  The experimental 
results showed that the video quality has a graceful 
degradation when the loss rate increases rapidly. 
Comparing with the conventional GOP, PSNR values can 
improve from 0.5 dB to 3 dB. 

 

1. INTRODUCTION 
 
For the popularity of applications of streaming videos 
such as video-on-demand (VOD), video conferencing and 
3G phones [1], the protection of compressed video 
streams has become an important concern. Recently, the 
increasing number of mobile users has spurred the 
research on video transmission over wireless networks. 
Wireless streaming environments present more challenges 
in multimedia delivery due to the error-prone, bandwidth-
limited and time-varying characteristics. 

Transmission of streaming video is very sensitive to 
delay and loss of information and cannot easily make use 
of retransmission. Several error resilience approaches [3-6] 
have been proposed to minimize the transmission loss 
with a certain degree of redundancy. Recently, the 
standard of H.263 [7] suggests a mode of the Reference 
Picture Selection (RPS), which relies upon a feedback 
channel to efficiently stop error propagation. The RPS 
mode allows the encoder to select one of several 

previously decoded frames as a reference picture for 
prediction. In addition to error resilient coding schemes in 
H.263, Multiple-Description Coding (MDC) [2][8] 
generates several bit-streams of the same source signal 
and transmits them over separate channels. The 
reconstructed signal is acceptable with receiving any 
channel. On the other hand, another scheme to recover the 
damaged block by interpolating the combination of 
motion vectors is proposed in [9]. 

Due to the nature of inter-frame coding, once all 
packets of a frame are lost during transmission, the only 
available temporal information for recovery of the 
damaged frame is its previous frame, since all frames 
behind it will also crash. In this paper, our definition of 
error resilience is addressed as: Once an inter-frame is 
damaged, both of its neighboring frames still can be 
compensated through some other frames using the pre-
stored prediction information. The damaged inter-frame 
can be precisely reconstructed from these two neighboring 
frames by any existing interpolation method. 

In the remaining part of this article, Section 2 
describes the nature of the conventional GOP. Our 
structure and error concealment scheme are illustrated in 
Section 3. And then Section 4 demonstrates the 
performance of the proposed structure. Section 5 
describes some advanced applications for our structure. 
Finally, several conclusions are given in Section 6. 
 
2. TEMPORAL DEPENDANCY AMONG FRAMES 

 
In the conventional coding systems, a video clip consists 
of many groups of pictures (GOPs), and three types of 
frames are defined in each GOP. I-frames are encoded and 
decoded by themselves. P-frames have to be encoded and 
decoded by referring to the previous I- or P-frame. B-
frames are similar to P-frames, but the motion 
compensation is done by referring to the previous I- or P-
frame, the next I- or P-frame, or an interpolation between 
them. 

An example of the predictive dependencies among 
frames is shown in Figure 1(a). Typically, the first frame 
in a GOP is I-frame, followed by a series of P-frames. 
And B-frames are inserted between them. In this paper, 
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without loss of generality, we focus the analysis on the 
cases that the bit-stream contains I- and P-frames only, 
which has been adopted by the H.263 standard, as 
illustrated in Figure 1(b). The results can be easily 
extended to the general I-P-B-frame structures. 

The above temporal dependencies are unfavorable to 
recovering the damaged inter-frames. Packet loss in the 
current frame causes error propagation in the successive 
frames. This situation will become even more critical in 
the low bit-rate streaming video, where the whole frame 
might be packetized into few packets. And a loss of one 
packet or two can cause crash of the whole frame such 
that all the successive frames will also fail to be decoded. 

Suppose a GOP is of size 15. We calculate that once 
an inter-frame is lost or damaged, how many frames in the 
GOP might also be damaged. For the conventional GOP, 
the average number of frames influenced by the damaged 
inter-frame will be 
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. 
To recover the damaged frame, the most available 

information of temporal domain is the previous 
undamaged frame. Almost all error resilient mechanisms 
apply this character, but the quality level of the 
reconstructed frame is not acceptable, especially when 
frames lose continuously. 

If both neighbors of the damaged frame can be 
decoded correctly, we will have both side of temporal 
information to recover this frame. By the nature that most 
motions are smooth in a quite small time interval, the 
damaged frame can be reconstructed through the 
interpolation of these two neighbors. 

 
3. DOUBLE-BINARY TREE STRUCTURE 

 
Now we present a novel predictive dependency among 
frames in a GOP, called double-binary tree structure, 
which guarantee that loss of an inter-frame will not affect 
the decoding process of both of its neighbors. Suppose the 

size of the GOP is n. For simplicity, (n – 1) is set to the 
power of 2. The following steps are given to establish the 
double-binary tree structure:  
Step1. Choose frame ⎣(n-1)/2⎦ as I-frame. 
Step2. For all P-frames with odd number, each pair of 

forward and backward prediction is performed 
striding across half of remaining continuous odd 
P-frames starting from I-frame until all odd P-
frames are predicted. 

Step3. For remaining P-frames with even number, each 
pair of forward and backward prediction is 
performed striding across half of remaining 
continuous even P-frames starting from I-frame 
until all even P-frames are predicted. 

An example with n = 15 is given in Figure 2. In this 
figure, the 8th frame (frame 7) is selected as I-frame, and 
two binary trees consisting of odd frames and even frames 
refer to I-frame, respectively. We choose the center frame 
to be I-frame instead of using the first frame, since this 
frame on average takes the minimum distance to any other 
inter-frame in the same GOP. Comparing with the 
conventional GOP, the average number of frames 
influenced by a damaged inter-frame is merely 
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. 
It is apparent that any two successive P-frames (in 

playback order) are not located in the same sub-tree, so a 
frame still can be compensated even though both of its 
neighbors are lost. In other words, a damaged frame can 
be recovered from both of its neighbors because loss of 
one frame will not affect the decoding process of it 
neighbors. 

Errors in one P-frame propagate to at most three more 
frames in our example. However, the same error in the 
conventional GOP might propagate to at most 13 frames. 
Moreover, these damaged frames in the proposed 
structure are not continuous in playback order, so the 
viewer can hardly tell from them while seeing movies. 

In video streaming applications, we transmit the 
double-binary tree in depth-first search (DFS) order, 
which guarantees that any errors in an inter-frame will 
never propagate onto its neighbors. 

In the condition of single or burst frame-loss, an error 
concealment scheme similar to [9] is utilized. By 
assuming the motion is smooth, the nearby motion or 

Figure 2. Double-binary tree structure -- Coding 
dependencies in a GOP. 
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pixel information is used to approximate the lost motion. 
For example, if frame 3 in Figure 2 cannot be decoded 
successfully, it can be replaced by any of the following 
approaches: 

1) (1/2) × (P2 + P4) (the interpolation scheme, used to 
replace P3); 

2) (1/2) × V4→2 (used to replace V4→3); 
3) (4/3) × V7→4 (used to replace V7→3); 
4) -V3→1 (used to replace V1→3). 

Here Vi→j means the motion vector from frame i to 
frame j, and Pi means the pixel values of frame i. By 
applying our error concealment mechanism, even if all 
frames in a sub-tree of the root are lost, we can 
reconstruct them from the other sub-tree containing all of 
their neighbors. We conclude the discussions as the 
following theorems. 

Theorem 1 (single frame damaged). The double-
binary tree structure with DFS streaming order 
guarantees that any P-frame error does not propagate 
onto its neighboring frames in the playback order. 

We have known that loss of a frame will infect 
decoding of its descendants. Since any two successive P-
frames are not located at the same sub-tree, and an error 
will never propagate to frames in other sub-trees, the 
above theorem can be simply proved. Therefore, the 
damaged P-frame can be reconstructed from its two 
neighboring frames by any existing interpolation method. 

Theorem 2 (successive frames damaged). For the 
left (right) sub-trees of I-frame, if burst frame-loss occurs 
not across other sub-trees, all lost frames can be 
recovered by interpolating from their neighbors in the 
playback order. 

As mentioned before, any two successive frames in 
double-binary tree are not located in the same sub-tree, 
and frames are sent in DFS order. This represents that 
frames are transmitted and decoded in the interleaving 
order, and the burst error often takes place within a sub-
tree. In this condition, even though all frames of some 
sub-tree are lost, the remaining alternating frames still can 
be decoded from the other sub-tree, and then the damaged 
frames also can be recovered from those undamaged 
frames. In contrast, burst frame-loss in the conventional 
GOP causes that some succeeding damaged frames can be 
only recovered from the previous damaged frames such 
that the outcomes are worse and worse. 
 

4. EXPERIMENTAL RESULTS 
 

We modified the GOP structure in “XVID” [11] codec 
supporting MPEG-4 and H.263 encoding/decoding 
process to measure the efficiency of our structure. In our 
simulations, the GOP size and frame-rate is set as 15 and 
30 fps, respectively.  

Figure 3 gives the variance of PSNR at different 
damage rate (% of damaged blocks in a single frame). 
Without loss of fairness and simplicity, we use the easiest 
mechanism, where the damaged block is recovered from 
the corresponding block in the neighboring undamaged 
frame. In the conventional GOP structure, one damaged 
block is directly pasted from the previous frame; while in 
the double-binary tree, we apply the average of the 
corresponding blocks in both the previous frame and the 
next frame instead of the damaged block. 

To compare the difference among these schemes, the 
variation of the PSNR value between the specified 
damage rate and zero damage rates is represented with the 
vertical axis in Figure 3. Instead of rapid reduction of the 
quality level, we have a graceful degradation when the 
damage rate grows up. PSNR improves from 0.5 dB to 3 
dB.  

The most important question should be noticed is the 
degradation of quality level due to the long predictive 
distance in the double-binary tree GOP structure. TABLE 
I has shown that the average quality is similar to the 
conventional GOP structure in most cases, even better for 
some sequences. 
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Figure 3. Comparisons of error concealment for “Foreman” and 
“Mobile” in QCIF format. 
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5. ADVANCED APPLICATIONS ON DOUBLE-

BINARY TREE 
 
In addition to error resilience, double-binary tree GOP can 
be extended to some advanced applications such as 
layered coding or multiple description coding techniques.  
In the application of layered coding, either frames at 
higher levels or frames with odd numbers in the double-
binary tree could be chosen as the base layer, and the 
remainder could be enhancement layers. Similarly, in 
MDC, we could transmit odd frames and even frames 
separately over two different channel.  

Under the above two applications, the received 
frames can be successfully compensated. Remaining 
frames are reconstructed by our error concealment scheme 
to get a basic quality level. When we have enough 
bandwidth to receive all data, the video clip gets the best 
quality. 
 

6. CONCLUSIONS 
 
In this paper, we proposed an error resilient mechanism 
for streaming video with effective dependent relations 
among frames. Double-binary tree reorganizes the regular 
predictive dependency to construct a new dependent 
relation. With our effective temporal dependencies among 
frames, the quality of the reconstructed damaged frame 
can be more precisely, and the error propagation 
phenomenon is significantly reduced. Besides, we do not 
need any feedback or redundant information. The 
proposed structure also can be used along with most of 
existing error resilient mechanisms to strengthen the 
protection of data. In addition to error resilience, we have 
successfully proposed another structured-GOP solution to 
support high efficiency and low cost VCR operations on 
VOD systems [10]. 
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TABLE I. Average of PSNR and bit-rate comparison 
between the conventional GOP structure and the double-
binary tree structure for 150 frames. ‘C’: conventional 
GOP. ‘D’: double-binary tree GOP. 

 C D 
PSNR (dB) 35.0 34.9 Foreman 

(CIF) Bit-rate (Mb/s) 0.50 0.50 
PSNR (dB) 29 29.8 Mobile 

(CIF) Bit-rate (Mb/s) 1.79 1.68 
PSNR (dB) 32.3 31.8 Stefan 

(CIF) Bit-rate (Mb/s) 1.32 1.32 
PSNR (dB) 32.9 33.5 Foreman 

(QCIF) Bit-rate (Mb/s) 0.15 0.15 
PSNR (dB) 28.1 29.1 Mobile 

(QCIF) Bit-rate (Mb/s) 0.47 0.45 
PSNR (dB) 34.9 35.1 Salesman 

(QCIF) Bit-rate (Mb/s) 0.11 0.11 
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