
 

 

High Performance Silicon IP Solutions 

ntLDPC_DVBS2XntLDPC_DVBS2X  
Configurable DVB S2/S2X LDPC CodecConfigurable DVB S2/S2X LDPC Codec  

The Low Density Parity Check (LDPC) codes are powerful, capacity ap-
proaching channel codes and have exceptional error correction capabili-
ties. The high degree of parallelism that they offer enables efficient, high 
throughput hardware architectures. 
The ntLDPC_DVBS2X IP Core is based on an implementation of QC-LDPC 
Quasi-Cyclic LDPC Codes. These LDPC codes are based on block-
structured LDPC codes with circular block matrices. The entire parity 
check matrix can be partitioned into an array of block matrices; each 
block matrix is either a zero matrix or a right cyclic shift of an identity 
matrix. The parity check matrix designed in this way can be conveniently 
represented by a base matrix represented by cyclic shifts. The main ad-
vantage of this feature is that they offer high throughput at low imple-
mentation complexity. 
The ntLDPC_DVBS2X decoder IP Core may optionally implement one of 

two approximations of the log-domain LDPC iterative decoding algorithm 

(Belief propagation) known as either Layered Offset Min-Sum Algorithm 

or Layered Lambda-min Algorithm. Selecting between the two algorithms 

presents a decoding performance .vs. system resources utilization trade-

off. The core is highly reconfigurable and fully compliant to the DVB-S2 

and DVB-S2X standards. Two highly complex off-line pre-processing se-

ries of procedures are performed to optimize the DVB LDPC parity check 

matrices to enable efficient RTL implementation. 

The ntLDPC_DVBS2X encoder IP (Figure 1) implements a 360-bit parallel 

systematic LDPC IRA encoder. An off-line profiling Matlab script process-

es the original IRA matrices and produces a set of constants that are 

associated with the matrix and hardcoded in the RTL encoder. Actual 

encoding is performed as a three part recursive computation process, 

where row sums, checksums of all produced rows column-wise and final-

ly transposed parity bit sums are calculated. 

 
Figure 1 – ntLDPC_DVB-S2X Encoder IP 

 
The ntLDPC_DVBS2X decoder IP (Figure 2) implements a 360-bit parallel 
systematic LDPC layered decoder. Two separate off-line profiling Matlab 
series of scripts are used to (a) process the original IRA matrices and 
produce the layered matrices equivalents (b) resolve any possible con-
flicts produced by the layered transformation. 
The decoder IP permutes each block’s parity LLRs to become compatible 
with the layered decoding scheme and stores channel LLRs to processes 
them in layered format. Each layer corresponds to 360 expanded rows of 
the original LDPC matrix. Each layer element corresponds to the active 
360x360 shifted identity sub-matrices, within a layer. Each layer element 
is shifted accordingly and processed by the parallel decoding datapath 
unit, 

FeaturesFeaturesFeatures 

 Encoder and decoder, support all DVB S2/S2X defined block 
lengths 16200, 32400 and 64800. 

  Very Low SNR modes are also supported, with puncturing 
and shortening features implemented internally. 

  Flexible generic decoder architecture with various combina-
tions of parallelism options providing any desired application 
trade-off between area, performance and throughput rates. 

  Maximum parallelism level of 360 parallel LLRs processing 
for high throughput applications. 

  Decoding algorithm achieves competitive performance re-
sults meeting DVB S2/S2X Quasi Error Free requirements 
when paired with the appropriate Noesis BCH Codec. 
●  Programmable number of algorithmic iterations. 
●  Programmable Early Termination feature, with convergence 
criterion, for substantial throughput rate increase, without 
measurable performance loss. 
●  Probe outputs returning the number of actual performed 
decoding iterations per frame for quality statistics extraction. 

 36-Bit or 360-Bit encoder input/output interface wrappers. 

  Soft input decoder interface wrapper with 5 or 6 bit LLRs 
support and 36*LLR or 360*LLR parallelism. 

  Synchronous single clock design. 

  Silicon proven in ASIC and Xilinx FPGA implementation 
technologies. 

  AXI4 Lite bus protocol support. 
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ApplicationsApplicationsApplications   

The ntLDPC_DVBS2X cores can be used in a variety of applications, in-
cluding: 

● Digital Video Broadcasting DVB S2 and DVB S2X 
● Custom state-of-the-art systems for Optical transmission systems, Sat-
ellite Communication Systems or Deep Space applications 
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in order to update the layers LLR estimates and extrinsic infor-
mation iteratively until the required number of decoding itera-
tions has been run. 

Figure 2 – ntLDPC_DVB-S2X Decoder IP 

The decoder also IP features a powerful optional early termina-

tion (ET) criterion, to maintain practically the same error cor-

rection performance, while significantly increasing its through-

put rate. Additionally it reports how many decoding iterations 

have been performed when ET is activated, for system perfor-

mance observation and calibration purposes. Finally a simple, 

yet robust, flow control handshaking mechanism is included in 

both IPs, which is used to communicate the IPs availability to 

adjacent system components. This logic is easily portable into 

any communication protocol, like AXI. 
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   Implementation detailsImplementation detailsImplementation details 

The ntLDPC_DVBS2X encoder and decoder cores have been synthesized 
using Xilinx Vivado software. The cores have been targeted to Kintex 7 
XC7K410T-2 FFG900 device with a default balanced optimization strategy 
between area and timing. The area and performance metrics produced are 
summarized in the following tables for full 360 parallel IPs. Estimated 
achieved throughput rates be group of block codes and QPSK Frame Error 
Rate (FER) vs. Es/N0 plot are finally being presented. 
 

DeliverablesDeliverablesDeliverables   
Noesis has engaged an “open” licensing philosophy in order 
to allow maximum technology transfer to our client’s engi-
neering teams and to facilitate the integration of our IP cores 
into our client’s product. Various licensing models are availa-
ble. The ntLDPC_DVBS2X core is available as a soft core 
(synthesizable HDL) or as a firm core (netlist for FPGA tech-
nologies). The following deliverables are included: 

● Fully commented synthesizable VHDL source code or 
FPGA netlist. 

 VHDL test bench and example configuration files. 

 Matlab model. 
● Comprehensive technical documentation. 
● Technical support. 

SupportSupportSupport   
Technical support by phone or email is included. First year of 
maintenance is also included. Additional support and annual 
maintenance options are available. 

Ordering informationOrdering informationOrdering information   
To purchase or make any further inquiries about our 
ntLDPC_DVBS2X core, or any other Noesis Technologies 
products or services, contact us at info@noesis-tech.com. 
Noesis Technologies products are purchased under a License 
Agreement, copies of which are available on request.  
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Descrip-
tion 

Encoder 
360// IF 

Encoder 
36// IF 

+AXI 
+Punct. 
+Short. 

6bit LLR 
Lambda-min2 

Decoder 
360// IF 

6bit LLR 
Lambda-min2 

Decoder 
36// IF 
+AXI 

+Punct. 
+Short. 

FF 
3665 

(0.72%) 
4920 

(0.97%)  
37404 (7.36%)  44969 (8.85%)  

LUT 
14230 

(5.60%) 
15996 

(6.29%)  
132600 (52.16%)  144188 (56.72%)  

BRAM 
221 

(27.80%) 
236.5 

(29.75%)  
312.5 (39.31%)  378.5 (47.61%)  

Mhz/ns 
150MHz/ 
6.66ns 

150MHz/ 
6.66ns 

125MHz/ 
8.0ns  

125MHz/ 
8.0ns  

Group of block 
codes 

Decoder 
Information 
Throughput  

Range (Mbps) 
40 iterations 

No Early Termination 
@ 125Mhz 

Decoder 
Coded 

Throughput  
Range (Mbps) 
40 iterations 

No Early Termination 
@ 125Mhz 

Encoder 
Information 
Throughput  

Range (Mbps) 
@ 125Mhz 

DVB-S2X 16200 [25—71] [99—232] [300—1600] 

DVB-S2X 32400 [51—85] [260—278] [325—650] 

DVB-S2X 64800 [76—190] [123—348] [437—3787] 

DVB-S2 16200 [42—197] [125—261] [237—2075] 

DVB-S2 64800 [89—218] [179—360] [487—4522] 
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