
Effects of Video 
Noise on Defect 

Detection 
Repeatability

Doug Wilson (FiberQA)

Optoelectronics TIG

Meeting at OFC 2015



Outline

• Introduction

• Repeatability Overview

• Video Noise Effects

• Modeled Repeatability Results

• Mitigation Techniques

• Future Work



Repeatability Metrics

• There are several steps to determine Pass/Fail of fiber end 

face using visual inspection:

– Defect Detection

– Defect Measurement

– Defect Classification

– Defect Limit Testing

• Generally speaking only the first two vary onindependent

inspections, as the last two are derived from the 

measurements of the detected defects

• Further, a defect can’t be measured if it is not detected.

3



Sources of Non-Repeatability for Fiber Defects

• Variations in focus

• Lighting changes

• Camera (video) noise

• Orientation of part (for non-keyed circular ferrules)

• For remainder of this talk, focus entirely on video noise

4



Video Noise Definition

• Sensors (mostly CMOS) inside cameras convert incident light 
to electronic signals

• Analog noise is introduced during this conversion process in 
two main forms that can impact detection and repeatability:

• Pattern noise is a time invariant additive or multiplicative 
function of pixel location; e.g., checkerboard pattern cuased
by mismatched tap gains in sensors with multiple readouts

• Temporal noise, is generally a zero mean, random noise 
independent (uncorrelated) between pixels. Visually, it is a 
subtle fluctuation or “snow” effect.

• Pattern noise can be largely corrected in software and while it 
may impact detection, it usually has no impact on 
repeatability

• Temporal noise impacts both detection and repeatability
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Simplifications for this Study

• Image analysis of fiber end faces is a 2D problem

• For ease of display, the signal and noise presented here is a 

1D, (similar to a line profile through the 2D image)
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Noise Masks the Signal

• The lower the Signal to Noise Ratio (SNR) whether due to 

higher noise or lower signal , the more difficult it is to 

separate defects from the background.

• If the threshold is lowered then the false fail rate goes up and 

repeatability is degraded.

• Conversely, if threshold is raised, repeatability improves at 

the expense of a higher false pass rate

• A Monte Carlo style simulation using a large number of 

“samples” for different SNR, signal widths and thresholds 

was conducted.

• Output is False Pass and Fail as a function of SNR and Sigma 

Multiplier for different filter widths
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Filtering

• A very simple filter was implemented to illustrate the 

mitigation of even modest amounts of adjacent pixel filtering

• In this case, the filter is a binary function operating on the 

output of the threshold detector.

• It outputs a “True” or “1” only if the threshold output is true 

for at least the width of the filter.

• In fiber inspection, more sophisticated filters operating in 

either the pre-threshold or post-threshold and in 2D are 

generally employed

8



Simulated Signal in Noise
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Signal

Threshold is any pixel greater than the mean plus Multi. Times 

StDev, in this case 2*𝜎

Detector Output required Npts in a row to be above the threshold. 

This is a 1D example, 2D filters are used in image processing to 

improve SNR



Sample Model Outputs

• Very easy to compute many combinations of all of the 

parameters (filter width, defect width, SNR, sigma multiplier)

• Small subset of computed results shown here due to time 

constraints
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False Pass as Function of

Sigma Multiplier and SNR

• Red area is region where Failure 
rate (False Pass) is greater than 
0.05%.

• For given SNR the multiplier 
has been raised so high (to 
avoid a False Fail) that the 
defect is below the threshold

• The black region is where the 
false pass rate is 0% (100% 
repeatable detection). Note 
there could be false fails 
(discussed on next slide)

• The transition from a low value 
to 100% is very sharp along the 
curved line between the two 
regions.
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False Pass with Cross Sections
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False Fail as Function of

Sigma Multiplier and SNR

• Red area is  region where 

Failure rate (False Fail) is 

greater than 0.05%.

• False fails are a function of the 

noise StDev and multiplier used 

to set detection threshold for a 

given filter

• The black region is where the 

false fail rate is 0% (100% 

repeatable LACK of detection of 

the background noise)

• The transition from a low value 

to 100% is very sharp along the 

curved line between the two 

regions.
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Combined False Pass and Fail as Function of

Sigma Multiplier and SNR
• Combining False Pass and False 

Fail enables determination of a 
given tradeoff between false fail 
and false pass

• Red area is  region where False 
Fail or Pass rate is greater than 
0.05%.

• The black region is where the 
false fail or Pass rate is 0% (100% 
repeatable detection)

• The operating point for a given 
repeatability (including both false 
pass and fail rates) can be 
determined by finding the lowest 
SNR and Sigma Multiplier for the 
desired value. In this case, the 
cursor is at the value of SNR of 
>=9 and Sigma X of 1.75 gives 
100% repeatable detection of the 
defect with 0% false fails
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Combined False Pass and Fail as Function of

Sigma Multiplier and SNR

• Full Range (0-

100%) 

superimposed 

on the binary 

version at >0% 

(Red area)
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Mitigation Techniques

• Spatial filtering, already discussed, can dramatically improve 

repeatability for lower SNR cases. Comes at expense of larger 

minimum defect size

• Video averaging, especially if processing is completed at high 

bit depth, improves video noise with the cost being time. 

Generally reduces noise by square root of the number of 

averages.

• Even modest averaging can improve the image quality.
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Spatial Filtering

• Increasing number of filter 

points has following 

effects:

– Decreases the multiplier 

required for given False Fail 

by reducing noise at filtered 

output

– Decreases SNR required to 

achieve a given False Pass 

rate, until the filter width 

gets too close to the defect 

width
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Future Work

• Collect real world data with defects having variety of SNR

• Either compare line profile SNR data with model or extend 

model to 2D for direct imaging comparison

• Vary amount of averaging to quantify real world SNR 

improvement as function of number of averages
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