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Channel model 

Results 

 Code constructions based on the Levenshtein distance 

such as the Varshamov-Tenengol’ts (VT) single error-

correcting codes [2] and Helberg codes [3] which can 

correct multiple insertion/deletion errors do not optimize 

the decoded Symbol Error Rate (SER). 

 In order to design better performing codes in terms of the 

SER on the BSID channel we define the Change Proba-

bility, Pc(C), of a SEC code C as 

 An efficient algorithm to calculate  was given 

by Bahl and Jelinek [4]. 

 We then use Pc(C) as the Energy Function in a Simulated 

Annealing (SA) algorithm (similar to that used in [5]) to 

construct good SEC codes. 

 General trend - For decreasing  Change Probability there 

is a corresponding improvement in the symbol error rate 

performance. 

 However, relationship is not exact. 

 Change Probability is a useful heuristic to construct good 

SEC codes but should not be used on its own. 

Comparison of the SER performance of several SA SEC 

codes (blue) and two Helberg codes (red) with a = 0 and 

a = 5 against their Change Probability evaluated at Ps  = 0, 

Pi = Pd = 0.01.  Error margins are given at 99% confidence. 

 Almost an order of magnitude improvement  for the 

(17,8,6) SEC code with known codeword boundaries 

(N = 1) with new SA construction - for same decoding 

complexity. 

 Graceful degradation in performance with unknown 

codeword boundaries (N = 125). 

 TVB code construct essential for high probability of 

channel errors with unknown codeword boundaries. 

Comparison of the SER performance of various Helberg 

and SA SEC and TVB codes both with known (N = 1) and 

unknown (N = 125) codeword boundaries.  N is the number 

of codewords in a frame. 

Designing good codes 

 For standard (substitution) error-correcting codes, the 

distance spectrum can be used to design good codes. 

 In particular, the minimum Hamming distance deter-

mines the asymptotic performance. 

 Similarly, in [1] it was shown that the minimum Le-

venshtein distance determines the asymptotic perfor-

mance of Synchronization Error Correcting (SEC) codes. 

 However, no equivalent “Levenshtein distance spectrum” 

has yet been found for SEC codes that can be used to 

bound the performance of SEC codes and that enables 

the construction of good codes. 

 This is due to the fact that there are multiple error pat-

terns that can transform one codeword into another, with 

a different number of errors. 

 For example, codeword v1 = 001 may be transformed in-

to a second codeword v2 = 110 with  

 3 unique error patterns each with 3 error events (two 

of which are shown below)  

 11 unique error patterns each with 4 error events (one 

of which is shown below) 

 14 unique error patterns each with 5 error events 

 10 unique error patterns each with 6 error events 

 These additional “distances” between codewords do not 

form a metric space and therefore it is not known how to 

calculate the error probability just from these values. 
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Improved code construction 

Binary Substitution, Insertion and Deletion (BSID) Channel  

 Marked improvement in our re-simulation of the (8,16,3) 

SEC code with 2/256 watermark P(y|x) due to optimized 

state space limits for the inner decoder and increased 

number of iterations for the LDPC outer code. 

 New SA code construction still improves FER perfor-

mance over re-simulated performance for the same de-

coding complexity (10% improvement at 

Pi = Pd = 0.035). 

Comparison of the Frame Error Rate performance of the 

(8,16,4) SA TVB code and the (8,16,3) VT SEC code with 

the 2/256 watermark sequence of [7] for Pi = Pd; Ps = 0, 

concatenated with a 16-ary (999, 888) LDPC code. 
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Results 

Time-varying block codes 

 With unknown codeword boundaries, it is possible for 

the decoder to delete or insert complete codewords. 

 To minimize this occurrence we use Time-Varying Block 

(TVB) Codes [6]. 

 A TVB code of order M consists of M different constitu-

ent SEC codebooks. 

 A TVB encoder encodes each symbol in a message using 

a random codebook from the set of M SEC codebooks. 


