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Abstract: This paper describes the analog and digital methods for evaluating Forward Error 
Correction (FEC) efficiency of OTN transmission equipment based on the new recommendation of 
ITU-T Rec. O.182. This method requires a random error generator with an error generation interval 
closely approximating a Poisson distribution. We give a simple explanation of the FEC efficiency 

test methods and present results using some random error generators. Applying the χ2 
test of 

goodness of fit to the results of the digital method for testing random error generators clarifies that 
this method evaluates FEC efficiency accurately and quickly. 

 

1. Introduction 

ITU-T G.709 Optical Transport Network (OTN) uses Reed Solomon codes RS 255 and 239 as 

the Forward Error Correction (FEC) technology. Generally, correction of random errors (errors 

occurring in an actual circuit) uses error-correcting code classified as block code. Since the 

Reed Solomon codes are block codes, generation of pseudo-random errors makes it 

impossible to evaluate FEC decoder performance by comparing the error correction efficiency 

with the theoretical curve. The theoretical error correction efficiency curve shown in Fig. 1 is 

calculated on the assumption of random error occurrence. There are two main methods for 

generating random errors. One is an analog method which uses an optical attenuator inserted 

between the EUT (Entity Under Test) and the ME (Measurement Equipment) to vary the S/N 

(Signal/Noise) ratio. The other method adds errors digitally. In this digital method, when errors 

are added, the FEC performance cannot be evaluated accurately because the errors are 

generated at the same interval. Consequently, it is necessary to generate errors randomly to 

create a condition under which errors can be corrected or not corrected. In addition, to evaluate 

FEC performance under conditions emulating an actual circuit, the long-term random error rate 

must be satisfied although the short-term error rate varies with respect to the set value. 

FEC Efficiency Test
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Fig. 1 Error Correction Efficiency 

2. Analog Method 

The analog evaluation method creates a random error generation condition by varying the 

signal S/N using an optical attenuator (Fig. 2). It is extremely difficult to obtain results matching 

the theoretical characteristics using this method because the required fine adjustment of the 

optical attenuation causes poor reproducibility. In this method, the equipment is setup as shown 

in Fig. 2 and the FEC of the EUT is set to OFF first. Then the attenuation of the optical 

attenuator is increased and fine-adjusted so that the error rate becomes the specified value 

(e.g. 2 x 10
-2

). Next, the EUT FEC is set to ON and the error rate of the EUT output is measured. 

The measured error rate is the error correction efficiency of the EUT. The EUT FEC is set to 
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OFF again, the attenuation of the optical attenuator is increased and fine-adjusted again to the 

error rate for the next evaluation point (e.g. 1 x 10
-3

). The EUT FEC is set to ON again and the 

EUT error efficiency is evaluated in the same way as described previously. Fig. 3 shows the 

result of this type of evaluation.  
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Fig. 2 Setup for Analog Method                  Fig. 3 FEC Efficiency Evaluation using Analog Method 

 

3. Digital Method (New) 

The digital evaluation method inserts errors so that the interval of errors inserted by the ME 

becomes a Poisson distribution. The difference between this digital method and the analog 

method is that the EUT FEC can be evaluated with FEC always ON (Fig. 4). However, it is 

important to evaluate whether or not the random error generator generates errors with a Poisson 

distribution. Theχ
2 
test is used to specify the random error generator error distribution numerically. 

Theχ
2 
test is a comparative index of the random error generator random error distribution and the 

theoretical Poisson distribution characteristics. 

Fig. 5 shows the overall random error occurrence and we can see that there is not a good match 

with the Poisson distribution function curve. Applying a χ
2 
test to this example gives a χ

2 
value 

of 1,648.96, which is much larger than the standardχ
2 
value of 28.86 indicating a fit at the 95% 

probability level, confirming that the random errors generated by the random error generator do 

not fit the Poisson distribution curve. When a random error generator with this type of poor 

randomness is used as the error generator for the digital method, there is no match with the 

theoretical curve at the part where the insertion error rate is low and saturation also occurs at a 

fixed error rate (Fig. 7). This phenomenon occurs because the error insertion does not remain 

random. 

On the other hand, the data for the random error generator in Fig. 6 show quite a good fit with the 

Poisson distribution curve. In this case, applying a χ
2 

test gives a χ
2 

value of 18, which is 

smaller than the standard value, confirming that the data fits the Poisson distribution. When this 

type of error generator is used for the digital method, we obtain a good fit with the theoretical 

curve. 

                     

 

 

 

Fig. 4 Digital Method Setup 
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Fig. 5 Random Error Generator Distribution                Fig. 6 Random Error Generator Distribution 
      Characteristics (Bad Example)                          Characteristics (Good Example) 

 

FEC Efficiency Test by Digital Method
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Fig. 7 FEC Efficiency Test Results using Digital Method 

 

4. Summary 

When evaluating FEC efficiency using the analog method by varying the S/N ratio, the poor 

measurement reproducibility caused by adjustment differences results in an offset from the 

theoretical curve. In addition, the EUT FEC must be set ON/OFF repeatedly and the optical 

attenuation must be fine adjusted every time. 

Using a random error generator with the digital method supports quick and accurate evaluation of 

FEC efficiency. Using theχ
2 

test to confirm that the random error generator generates random 

errors fitting the Poisson distribution (see ITU-T Rec. O.182 Annex I) supports accurate evaluation 

of FEC efficiency with no effect of randomness between measuring instruments. 

Anritsu MT1000A and MT1100A, all-in-one transport testers, have the random error insertion 

function for evaluating FEC performance which conforms to ITU-T New Rec. O.182. 
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