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Abstract— in this paper, a new CAVLC decoding architecture 
with a soft-input design concept is proposed. We introduce the 
soft-decision information to localize the erroneous position at 
macroblock (MB) levels. Specifically, we compare and select the 
minimal square difference between the received soft streams and 
decoded codewords. The corrupted MBs can be early detected 
and thereby concealed from neighboring pixels. Therefore, more 
than 1dB of PSNR gain can be achieved under the 2.7×10-3 of bit 
error rates. 
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I.  INTRODUCTION 
H.264/AVC has been broadly adopted by organizations 

representing everything from mobile phones to digital-TV. It 
enables a variety of video contents to be compressed for 
transmission and decompressed for video playback in a highly 
efficient way. Although H.264/AVC features to improve the 
compression ratio, this compressed video is extremely 
vulnerable to transmission errors. To deal with corrupted video 
streams and improve the subject and objective visual quality, 
many researchers [1][2] pay lots of attention to conceal the 
corrupted video content, but these methods seem to have their 
limitation. They often assume that video errors have been 
correctly located; otherwise error concealment method cannot 
be properly applied. Therefore, detecting or localizing the 
erroneous position is of great importance, when the video 
streams are transmitted over an error-prone or wireless channel. 

In this paper, we introduce soft information based on the 
multi-level de-quantization process in each demodulated 
symbol. Compared to traditional bit-stream (hard-stream), a 
soft-input video decoder [3]-[5] has better error correction 
capabilities. However, the computational complexity is still so 
high that it is not applicable for VLSI implementation. Instead 
of realizing error correction methods, the objective of this 
paper concentrates on the error detection coupled with error 
concealment. Moreover, this is the first trial to realize soft 
decoding using hardware building blocks. On the other hand, 
simulation results reveal that the corrupted data can be early 
detected and concealed, and then 1dB of PSNR gain can be 
achieved at 2.7×10-3 of bit error rates (BERs). 

The rest of this paper is organized as follows. Section 2 
briefly introduces the soft-input decoding flow in terms of 
H.264/AVC decoding system and presents the proposed soft 
error detection algorithm and architecture. Section 3 shows our 

simulation results. Finally, Section 4 summarizes our work and 
draws the conclusions. 
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Figure 1 Soft-input H.264/AVC decoding block diagram. 

II. SOFT-INPUT H.264/AVC DECODER ARCHITECTURE 
Because a soft-input stream retains the data reliability and 

informs the decoder about channel behaviors, it provides a 
reliable estimator to detect or correct corrupted video. To apply 
a soft-stream into the video decoding system, a soft context-
adaptive variable length decoder (CAVLD) has been newly 
designed and is capable of detecting erroneous positions. 
Figure 1 summarizes the soft-input video decoding system 
based on our previous work [6]. First, the stream input is 
determined by the number of de-quantization levels (hard: 2-
level; soft: N-level). Through the data partition and unequal 
error protection, the header stream is strongly protected, and 
residual coefficients are less protected and decoded by soft 
CAVLD. The soft CAVLD notifies error concealment that 
whether the corrupted macroblock (MB) occurs or not. 
Therefore, the corrupted data can be early concealed and the 
objective and subjective visual quality can be improved. In the 
following, we focus on the soft decoding of CAVLC. Moreover, 
the detection algorithm and associated architecture will be 
addressed and discussed. 

A. Soft Error Detection Algorithm on CAVLD 
We modify a SISO algorithm to improve the capabilities of 

error detection instead of correction. In general, the SISO 
decoding technique [4][5] is considered as an exhaustive 
decoding procedure to resist the error disturbance in a noisy 
channel. It estimates and searches on the tree-like path in the 
existence of additive white Gaussian noise (AWGN). However, 
a main drawback of this approach is that many states have to be 
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kept for correcting errors. It needs a great deal of memory 
storage and computational complexity. Hence, it is 
inappropriate for VLSI implementation. To avoid the penalty 
of large computation, we concentrate on the error detection 
since there is no need to keep many states for correcting errors 
in trace-back procedures. We only keep present states to detect 
that whether this video data is correct or not. In the following, 
we show the modified SISO algorithm to improve the error 
detection capabilities. 

φ

φ

 

Figure 2 Soft VLC algorithm using graph representation. 

Before we address a general algorithm of modified SISO, 
we use a graph representation to help the understanding of soft 
VLC decoding. We give a simple example to illustrate the 
behavior of soft VLC algorithm. Firstly, assume we have a 
simple VLC table with only 3 symbols {0,10,11} and a packet 
that includes 3 bits (and equivalently 2 symbols) with content 
as ‘0 10’. After BPSK modulation, the modulated sequence is 
{-1,+1,-1}. When the packet is transmitted over the AWGN 
channel, the received soft bit-stream may become {-0.8, -0.05, 
-0.2} (i.e. an error occurred in the second bit). Figure 2 depicts 
the graph representation of this example. The path metric 
PM(i,j) denotes the cumulative square difference of i-th symbol 
and j-th bit in each decoded symbol. The branch metric BM(i,j) 
is the square difference between the received soft-stream and 
decoded codewords. Moreover, the present PM is the 
summation of previous PM and present BM. Each number 
inside square represents the decoded bit pointer. In Figure 2, 
we have to keep 9-state to trace-back and correctly decode 
bitstream. However, the number of states will increase 
exponentially with the increment of decoded symbols. To 
alleviate this problem, we focus on error detection instead of 
correcting the errors. That is, there is no need to keep each state 
for trace-back procedures. Previous PM value will be discarded 
and contributes to the present PM value. We only keep the 
minimal PM of survival paths as our detected candidate. 
Afterward, these PM values will be recursively updated until 
the end of one macroblock (MB). 

Symbol Length/Macroblock = N

The minimal metric of 2nd MB

Branch Metric = BM
BM(N,B)

BM(0,0)
The minimal metric of 1st MB

Errors

 

Figure 3 Soft VLC decoding path w/t and w/o errors. 

When errors occur, a key observation is that the minimal 
BM will increase, indicating the large square difference 
between received soft streams and decoded codewords. Figure 
3 depicts the behavior of minimal BM in the 1st and 2nd 
macroblocks of one frame. The minimal BM of 1st MB is very 
small because the received stream is correct while the 2nd MB 
is corrupted by the channel disturbance, yielding the large BM 
value. In addition, to enlarge the erroneous magnitude for 
detecting errors, we exploit the summation of BM over one MB 
as a measurement of error detection (i.e. PM). A formal 
statement of the detection algorithm follows: 

Soft Detection Algorithm: 

Storage: 
 {i, j}  ({symbol, bit} index) 
        PM(i,j), BM(i,j)    (path metric, branch metric) 

Initialization: 
 {i, j} = {0,0} , 0 < i < N, 0 < j < B; 
         PM(i,j) = 0;     BM(i,j) = 0; 

Recursion: Compute 
PM(i+1,j’) = PM(i,j) + BM(i,j);  j = j’ + code length 
Error Measurement = PM(N-1,B-1) / B; 

Although the PM value indicates the error behavior, each 
MB has different number of coded bits due to the variable 
length characteristics. Hence, the PM has to be translated and 
normalized by the number of coded bits. In Figure 3, this MB 
contains B-bit and the derived PM is divided by B as Eq. (1) 
listed. The threshold THR can be determined through the 
simulation or channel behavior. Hence, the detecting 
information ERR_FLAG can be used as an enable signal to 
activate the post-processing unit such as error concealment for 
improving visual quality. 

1,
_
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PMif THR
BERR FLAG
PMif THR
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                                   (1) 
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Figure 4 Soft CAVLD block diagram. 

B. Soft CAVLD Architecture 
Figure 4 describes the proposed soft CAVLD block 

diagram with embedded error detection capability. The gray 
portion indicates the modifications to support the error 
detection capability. The soft CAVLD consists of three main 
functional units: soft VLC decoder, error detection, and output 
buffer. First, soft VLC decoder implements the decoding 
behavior discussed in the previous section. We don’t apply soft 
decoding on the level (L) and Trailing1 sign (T. S.) since they 
can be decoded through 1’s detection and fixed length decoder 
respectively. Second, error detection realizes Eq. (1) that 
extracts the PM value from soft decoder to decide whether this 
MB is corrupted or not. Third, the output buffer converts the 
data and outputs in a parallel fashion. 

To meet the real-time transmission over an error-prone 
environment, we exploit a fully parallel architecture to improve 
the decoding throughput and visual quality. Figure 5 shows the 
soft VLC decoding block diagram. Specifically, each BM unit 
simultaneously calculates the square difference between 
received soft streams and decoded codewords. It is performed 
in a parallel fashion without cycle penalties. After that, the 
compare unit (CMP) searches the minimal BM as the detected 
candidate. The minimal BM is accumulated in each clock cycle 
and thereby stored in PM registers. When the decoding index 
reaches the end of MB, the PM value is sent into error 
detection block to judge whether this MB is correct. As for the 
BM unit, Figure 6 describes the BM unit in case of a decoded 
codeword {000101}. The BM unit calculates the square 
difference between received 16-level soft streams and decoded 
code-words. Hence, it executes the subtraction, multiplication, 
addition, and constant division to obtain the BM value. 

Although the hardware complexity of soft CAVLD is 
considerably high, this is the first trial to realize the soft 
decoding using hardware building blocks. It is synthesized 
using 0.18µm Artisan cell library by Synopsys Design 
Compiler. Under the timing constraint of 20ns, the synthesized 
gate counts approximately reach 80k. In the future, this area 
penalty can be greatly reduced by compromising the area and 

processing cycles or merging the identical codewords to reduce 
the number of BM units. 

 

Figure 5 Soft VLC decoder block diagram. 

 

Figure 6 The architecture of BM unit. 

III. SIMULATION RESULTS 
We verify the proposed soft CAVLD coupled with error 

detection capability over the AWGN channel using BPSK 
modulation. The input sequence is encoded by H.264/AVC 
baseline profile with a data partition. In the data partition mode, 
we have assumed that the texture part, composed of a sequence 
of VLC code-words, is corrupted by AWGN. The other parts 
are error-free. This assumption can be achieved by exploiting 
the unequal error protection (UEP) and rate-compatible 
punctured convolutional codes (RCPC codes). Furthermore, we 
use the soft output of quantizer as our input bit-stream of soft 
CAVLD. The soft CAVLD can overlook the bit-errors from the 
quantizer of physical layers since we assumed that an UDP-
Lite protocol [7] is applied to our simulation model. 

The simulation results exhibit that the errors can be early 
detected through the proposed soft decoding algorithm. On the 
other hand, the errors can be detected by the abnormal syntax 
parsing or unknown codewords. It has been named as hard 
detection [2] in this paper. However, the performance for this 
detection is considerably low. For example, we consider the 
first I-frame of foreman with QCIF resolution (i.e. 99 MBs) as 
a test benchmark. Figure 7 shows the path metric over bits (i.e. 
PM/B) in terms of MB index. According to Eq. (1), large PM/B 
indicates that errors may occur in this MB, resulting in large 
PM/B values. In Figure 7, there is a peak in MB #83. In other 
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words, we declare that the following MBs (including MB #83) 
are corrupted due to the error propagations. However, the 
detected index is 94 (>83) through the hard detection. That is, 
the duration between MB #83 and #93 are neglected and 
cannot be concealed by post-processing units. Due to the 
improvement on error detection, the associated decoded visual 
quality has been shown in TABLE I. We assumed that simple 
error concealment is applied and it will be activated when the 
detection algorithm notices that errors occur. The TABLE I 
shows that more than 1dB of PSNR improvement can be 
gained when the BER and THR equals 2.7×10-3 and 18, 
respectively. 
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Figure 7 A histogram of PM/B in terms of macroblocks (MB). 

TABLE I SUBJECTIVE AND OBJECTIVE COMPARISON 

AWGN+BPSK (BER=2.7×10-3, THR=18) 

 Hard detection[2] + EC Soft detection + EC 

Subjective 
Quality 

 
Objective 
PSNR 23.93dB 25.34dB 

 

TABLE II PERFORMANCE MEASUREMENT OF DETECTION CAPABILITIES 

Error Distance (unit: average no. of MBs) 

QCIF, all I frames Hard detection [2] Soft detection 

Foreman 7.1 3.5 

Suzie 14.6 4.8 BER=10-3 

Akiyo 13.7 3.3 

Foreman 10.4 7.6 

Suzie 12.8 7.5 BER=10-4 

Akiyo 12.5 3.2 

 

To quantify the performance of error detection, we exploit a 
metric of the error distance that indicates the distance between 
the exact error-position and detected one. TABLE II shows the 
error distance of three different video sequences under 10-3 and 
10-4 of BERs. The proposed soft detection has the small 
distance in average. That is, it can early detect the corrupted 
MBs as compared to hard detection [2]. Hence, these MBs can 
be concealed from neighboring pixels before displaying on 
monitors. 

IV. CONCLUSION 
In this paper, we present a new design concept introducing 

the soft information to improve detection capabilities. We 
propose a soft detection algorithm by accumulating the square 
difference between received soft streams and decoded 
codewords. We retain the accumulative minimal metric to 
detect that whether this MB is corrupted or not. The simulation 
result reveals that more than 1dB of PSNR can be gained under 
2.7×10-3 of BERs. Therefore, the proposed soft-input video 
decoder is more robust to channel behaviors and applicable to 
mobile communication applications. 
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