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Real-Life Systems are Also StatisticalReal-Life Systems are Also Statistical
• Links are produced by joining a number of individual cabled fiber sections, each with their 

own PMD characteristics

• Additional sources of PMD, such as amplifiers and dispersion compensation modules, 
are also present

• For fiber, a historical approach has been to assume that all fibers have the maximum 
specified PMD value
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Statistical ApproachStatistical Approach

• More recent and now internationally 
standardized approach is to take into 
account the actual distribution of 
PMD comprising the link

• Done by calculating PMDQ, or link 
design value, which is the statistical 
upper bound on the distribution of 
possible link PMD coefficients

• Standardized in IEC 60794-3, ITU-T 
G.652, IEC TR 61282-3
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G.652, IEC TR 61282-3 PMD Coefficient (ps/km^0.5)

Pe
rc

en
t

0.220.200.180.160.140.120.100.080.060.040.020.00

50

40

30

20

10

0

0.058

Variable
Individual Cable
Worst-Case Cable or Link
Concatenated Link

PMDQ
Upper Spec Limit

"Benefit" of Statistical Method



Corning Optical Fiber
NFOEC 2005

Additional Benefits of Statistical ApproachAdditional Benefits of Statistical Approach
• Directly applicable to system design. 

“Method 2” allows one to calculate the 
probability of exceeding a given DGD 
value
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Case StudyCase Study
• A Chinese cabler measured the PMD distributions of cabled Corning® SMF-28e® (DUF) and LEAF®

(NZDSF) optical fibers in 2002
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(NZDSF) optical fibers in 2002
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0

5

10

15

20

25

30

35

0 0.1 0.2 0.3 0.4 0.5
PMD (ps/sqrtkm)

P
D

F 
p(
τ)

PMDRF=1
PMDRF=0.5
PMDRF=0.33
PMDRF=0.25
PMDRF=0.2

PMD Distribution:

τ is the PMD coefficient
σ is a constant that determines the distribution

Fiber Spinning:

σ0 is the distribution constant of unspun fiber
σsp is the distribution constant of spun fiber
ξ is the PMD reduction factor (ratio of spun to unspun fiber) 

Conclusions:

• PMDQ is reduced through fiber spinning
• PMDQ decreases rapidly with initial spin reduction, then 

becomes less responsive to higher spinning 
effectiveness

PMD Distribution:

τ is the PMD coefficient
σ is a constant that determines the distribution

Fiber Spinning:

σ0 is the distribution constant of unspun fiber
σsp is the distribution constant of spun fiber
ξ is the PMD reduction factor (ratio of spun to unspun fiber) 

Conclusions:

• PMDQ is reduced through fiber spinning
• PMDQ decreases rapidly with initial spin reduction, then 

becomes less responsive to higher spinning 
effectiveness

PMD Distribution:

τ is the PMD coefficient
σ is a constant that determines the distribution

Fiber Spinning:

σ0 is the distribution constant of unspun fiber
σsp is the distribution constant of spun fiber
ξ is the PMD reduction factor (ratio of spun to unspun fiber) 

Conclusions:

• PMDQ is reduced through fiber spinning
• PMDQ decreases rapidly with initial spin reduction, then 

becomes less responsive to higher spinning 
effectiveness

PMD Distribution:

τ is the PMD coefficient
σ is a constant that determines the distribution

Fiber Spinning:

σ0 is the distribution constant of unspun fiber
σsp is the distribution constant of spun fiber
ξ is the PMD reduction factor (ratio of spun to unspun fiber) 

Conclusions:

• PMDQ is reduced through fiber spinning
• PMDQ decreases rapidly with initial spin reduction, then 

becomes less responsive to higher spinning 
effectiveness

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−= 2

2

3

2

2
exp2)(

σ
τ

σ
τ

π
τp

0ξσσ =sp

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−= 2

2

3

2

2
exp2)(

σ
τ

σ
τ

π
τp

0

0.05

0.1

0.15

0.2

0.25

1 2 3 4 5
1/PMDRF 

P
M

D
Q
 (p

s/
sq

rtk
m

)



Corning Optical Fiber
NFOEC 2005
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ConclusionsConclusions

• The historical “worst case” approach to system design is not appropriate 
and leads to overly conservative limitations

• The statistical approach to PMD specifications is more deeply rooted in 
reality and has been standardized by international bodies such as the 
IEC and ITU-T

• A case study has been used to show the benefit of the statistical 
approach

• Such statistical specification methods require adequate control of the 
manufactured PMD distribution, including both its general form and 
outlier population

• Adequate control can be achieved through optimized fiber spinning, 
control of fiber geometry and other manufacturing controls
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