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In this study, we present a state-of-the-art design of dou-
ble protograph low-density parity-check (DP-LDPC) codes
based on progressive edge-growth (PEG) algorithm with
approximated cycle extrinsic message degree (ACE) prop-
erties, tailored for joint source-channel coding (JSCC)
systems. Compared with the conventional optimization
schemes, such a novel-designed base matrix contains more
higher-degree variable nodes. These higher-degree variable
nodes successfully increase connectivity between cycles or
stopping sets and the remaining part of the Tanner graph
after the ‘copy and permute’ operation. The parallel differ-
ential evolutionary (PDE) algorithm is also used to tackle
high-dimensional global optimization problems with high
complexity brought on by higher-degree variable nodes.
Simulation results demonstrate significant performance im-
provement in both the error-floor and waterfall regions for
the proposed source and channel codes compared to the con-
ventional DP-LDPC codes, achieved by concurrently opti-
mizing both the source and channel codes.

JSCC preliminaries. Due to the merit, two protograph
LDPC codes [1,2] can be used as the source and channel
codes for the JSCC system [3]. The parity-check matrix for
DP-LDPC codes has the following base matrix,

(1)

where the base submatrix of source Bg and that of channel
B¢ have dimensions rg X c¢g and rc X cc, respectively. The
submatrix By, with dimension rg X cc represents the edge
connection between two tandem protograph LDPC codes.
Thus, the overall dimension of By is (rg + r¢) X (cs + ¢c).
The two tandem protograph LDPC codes are derived from
the ‘copy and permute’ operation based on the matrix in (1).
The resultant parity-check matrix is defined as

(2)

where the dimensions of all the submatrices are integer-fold
of these of the corresponding ones in (1). The matrix Hjy
has the dimension (Rs + Rc) x (Cs + Cc).

Introduction to higher-degree variable nodes. In the con-
ventional optimization schemes, the strategy in favor of low-
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degree variable nodes (VNs) is employed to avoid short cy-
cles and stopping sets. However, these nodes are vulnera-
ble to channel noise due to inadequate message interaction
with other nodes. It is noted that the higher-degree VNs,
while more likely to cause short cycles and stopping sets,
do not necessarily impose an equal influence on the decod-
ing process. Therefore, more careful treatment of harmful
short cycles and stopping sets are expected to improve the
overall decoding performance [4]. To improve performance,
it is critical to take the full potential of the higher-degree
VNs while mitigating the negative impact of harmful short
cycles and stopping sets. Such a balance can be achieved
by developing efficient yet effective methods to identify and
treat these cycles and stopping sets in the Tanner graph,
ultimately leading to improved decoding performance. One
essential metric for measuring the connection between a cy-
cle and the remaining part of the Tanner graph is extrin-
sic message degree (EMD), which is also known as ACE [5].
Such a metric provides valuable information about the inter-
connectivity among cycles, aiding in the identification and
treatment of harmful short cycles and stopping sets.
Construction of DP-LDPC codes via ACE-PEG algo-
rithm. The ACE-PEG algorithm is an improved algorithm
of the PEG algorithm. In the PEG algorithm, if the com-
plement of the set of check nodes (CNs) that are connected
to the root node is non-empty at level ¢ but empty at level
(¢ 4+ 1), this indicates that in the Tanner graph, all CNs
can be reached from the root node, and therefore a cycle
of length 2(¢ 4 2) is unavoidable. In contrast to the PEG
algorithm that randomly selects the CN, the ACE-PEG al-
gorithm selects the CN with the highest connectivity to the
remaining part of the graph among the candidate CNs. Each
candidate CN is sequentially added to the cycle of the Tan-
ner graph. We calculate its ACE value and select the CN
with the largest ACE value. The PDE algorithm is signif-
icantly more effective than the differential evolutionary al-
gorithm in solving high-dimensional high-complexity global
The decoding threshold given by
joint protograph extrinsic information transfer (JPEXIT)
analysis is used as the foundation for the selection of the
PDE algorithm in the optimization of DP-LDPC codes.
This algorithm is more effective for the optimization of
higher-degree VNs, which benefits from the improved per-

optimization problems.
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Figure 1

formance of high-dimensional global optimization.

The higher-degree VNs that have been ‘copied and per-
muted’ through the ACE-PEG algorithm will bring signif-
icant performance gains to the JSCC system. Thus, the
design criteria of DP-LDPC codes based on ACE-PEG and
PDE algorithms are summarized below:

(i) The number of VNs with a degree higher than 3 is
greater than the number of VNs with a degree lower than
or equal to 3.

(ii) The components have a maximum value of 5 to avoid
excessive complexity and numerous cycles or stopping sets.

(iii) The maximum degree of all the VNs in DP-LDPC
codes is 15.

(iv) The minimum number of VNs with a degree higher
than 3 is rg + r¢ + 1.

(v) The minimum number of VNs with a degree higher
than 3 in the channel code is rg + 1.

Different from the conventional approaches to JSCC code
design, the proposed design brings irregular code structures
in the base matrix. However, the proposed design relies on
the high-dimensional global search of the PDE algorithm
customized for finding irregular codes with better perfor-
mance.

The design objective of the PDE algorithm for the DP-
LDPC codes is formulated as below:

minJTH (B;), maxSTH (Bj), s.t. Q(By) =1, (3)

where JTH (Bj) denotes the joint source-channel decoding
threshold, STH (Bj) denotes the source decoding thresh-
old, and €2 (Bj) = 1 indicates that conditions (i)—(iii) are
satisfied.

The optimization solution of the base matrix satisfying
conditions (i)—(v) for the case where the source probability
is p = 0.04 and the parameters are rg = 2, ¢g = 4 for source
matrix (1/2 code rate) and r¢ = 3, c¢ = 5 for channel
matrix with one punctured VN (1/2 code rate) is given by
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For another case of p = 0.01, when rg = 2, cg = 8,
rc = 3, and cc = 5 with one punctured VN, the optimiza-
tion is
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(Color online) Comparison of BER simulation results. (a) p = 0.04; (b) p = 0.01.

Simulation results. The bit error rate (BER) perfor-
mance over the additive white Gaussian noise (AWGN)
channel via joint belief propagation iterative decoding is
evaluated.
tained through the ‘copy and permute’ operation via the
PEG algorithm /ACE-PEG algorithm. The maximum frame
length is 2400 bits for p = 0.04 and 3200 bits for p = 0.01.
The maximum number of iterations is set to 50, and that of
frames with errors is set to 100.

The BER simulation results of DP-LDPC codes from [6]
and the proposed B}])ROI are provided in Figure 1(a). When
the BER is at the level of 1075, BfROl brings a gain of
1.0 dB over that from [6]. And at the BER level of 1076,
the proposed DP-LDPC codes achieve a gain of 0.7 dB over
the one from [6], obtained also via the ACE-PEG algorithm.

Figure 1(b) depicts the compared results between the op-
timized code BYRO? and that from [6] for p = 0.01. It can
be found that the similar results can be achieved.

The source code and channel code are ob-

Conclusion. In this work, a novel design method of DP-
LDPC codes for the JSCC system via the ACE-PEG algo-
rithm has been proposed. The designed base matrix con-
tains more higher-degree VNs than the conventional ones,
and thus increases the amount of message between the cy-
cles and/or stopping sets and the remaining part of the Tan-
ner graph via the ACE-PEG algorithm. Simulation results
have demonstrated that the proposed design approach of
DP-LDPC codes obtains significant performance enhance-
ment in both waterfall and error-floor regions compared to
the selected benchmark schemes from the latest literature.
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