
Advanced Forward Error Correction System 
with Extremely Low Error Rate

According to a recent study by Cisco 
[1], global mobile data traffic grew from 
2100 petabytes per month (1 petabytes = 
1,000,000 gigabytes) at the end of 2014 
to 3700 petabytes (or 3.7 exabytes) per 
month at the end of 2015 --- an amazing 
growth rate of 74%. It is further predicted 
that from 2015 to 2020, global mobile data 
traffic will grow to 30.6 exabytes per month 
(equivalent to over 6.5 billion DVDs).

In fact, the integrity of data plays an 
extremely important role on the traffic itself. 
Imagine that in the year 2020, 0.1% of the 
global mobile data cannot be decoded 
correctly at the receiving end due to poor 
channel environment such as noise. A 
simple calculation shows that 3.7 exabytes 
of such data will have to be re-transmitted 
again in 2020. This amount is equivalent to 
the total mobile data traffic being carried 
every month at this point of time. Improving 
the robustness of the data will therefore 
help relieving the traffic burden of the 
mobile networks. 
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In addition, there is a huge backhaul infrastructure made 
up of optical networks. These optical networks, with a 
raw data rate of up to 400 Gb/s per channel (which is 
increasing continually), impose an even much stringent 
requirement in terms of error tolerance (less than 1 bit 
error out of 1 petabits). Other digital communication 
systems such as local area network, digital broadcasting 
network, satellite communication network, future 
vehicle-to-vehicle communication network and even 
data storage (solid state devices such as USB thumb 
drives) also require mechanisms to protect the integrity 
of the data. Moreover, all systems prefer decoders 
to accomplish high throughputs because of the 
ever increasing data rates. They also impose other 
constraints such as latency and decoder complexity 
in addition to error performance and throughput. For 
example, future vehicle-to-vehicle communication 
demands a much shorter latency compared with digital 
broadcasting because of safety issue.  It is expected 
that the constraints imposed will become stricter and 
stricter in the years to come in order to cope with the 
ever increasing amount of data traffic. 
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The graph plots the error probability against the 
signal-to-noise (SNR) of the forward-error-correction 
(FEC) system. 1.00E-11 means one error out of 
100,000,000,000 (one 1 followed by eleven 0’s) 
transmitted bits. The green (marked as QC-LDPC) 
curve shows the FEC system performance before 
any enhancement. The red (marked as CC-QC-
LDPC) and blue (marked as LDPCCC) curves are 
produced by Prof. Lau’s team after enhancing the 
original FEC system. For example, at an SNR of 
3.45 dB, about 1 error occurs out of (i) every 2,000 
received bits in the original FEC system (green 
curve); (ii) every 1,000,000,000,000 received bits in 
the first enhanced FEC system (red curve); (iii) every 
10,000,000,000,000 received bits in the second 
enhanced FEC system (blue curve).

F ie ld-programmable gate-array hardware 
implementation and testing of the forward-error-
correction system

Reliable and efficient transmission/reception is indeed one of the ultimate design objectives of modern 
communication systems. Among the existing techniques, forward error correction (FEC) is an indispensable 
mechanism that can enhance the reliability of digital messages effectively. The idea of FEC is to incorporate 
some redundancy into the information during transmission. Then, the receiver side can make use of the 
redundancy to deduce the information correctly even if errors occur in the transmission. 

Recently, Prof. Lau and his team have successfully designed an FEC system, based on quasi-cycle low-density 
parity-check codes, to protect the integrity of digital messages. The system has been implemented and tested using 
a field-programmable gate-array hardware board. The FEC system is shown to guarantee 99.9999999999999% 
(fifteen 9’s) reliability of the data bits at a throughput of 3 Gbps. The throughput, moreover, can be easily scaled 
up with the use of the most up-to-date application-specific integrated-circuit (ASIC) technologies. The advanced 
FEC system design has been filed for a US patent [2] and the technique involved has received the Best Paper 
Award in 2015 International Conference on Advanced Technologies for Communications [3]. With this technology, 
data transmissions become extremely reliable and most data packets can be correctly decoded at the receiver. As 
a consequence, the receiver will only request the transmitter to re-send those incorrectly decoded data packets 
occasionally. Due to a substantial reduction in data re-transmissions from the transmitting side, much energy will be 

saved and hence carbon emission will become much lower.
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