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Overall Goals 
• Automate the detection and quantification of features in 

images
• Faster
• More Accurate

• How to do this?
• Obtain Data
• Analyze Data

• Focus on Laser 
Scanning Confocal 
Microscope (LCM) 
data
• Laser Intensity
• Laser Height/Depth
• Optical RGB
• Optical plus Laser RGB
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Utilizing the Data
• Focus on Height/Depth data because we want the depth of the features

• Measure voids in the material that are visible at the surface

• The voids or features may be

• Pits

• Cracks

• Corrosion

• Other imperfections

• What can be expected in a new container?

• Baseline – size, type, shape, density and number

• What actually occurs on used containers?

• 300 Images: FY09 DE2

• 165 of ~600 Images: FY11 HHMC

• Special select images from Juan

• Are used container images statistically different from baseline images?
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Baseline Y1-6 X1-35 Images
Min 5 Pixel Area, Min Depth 1 Micron

• Unframed

• Framed
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Practical Issues
• Height/Depth data is influenced by

• Sample curvature
• Microscope peculiarities

• Edge/corner issues
• Laser is not the shape of a square pixel

• Edges
• Welds

• Height/Depth uncertainty (±.5 microns in depth)
• Image is pixelated ~ .7 microns by .7 microns (or .5 square microns) 

for a 20X, 1024 by 768 image
• Automated image collection overlap
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Image Surface Statistics
• Contiguous features of a certain depth or more (rowboat or ship)

• Shape – groups of neighboring pixels
• Size – number of pixels or bounding box
• Depth – variable like the ocean floor
• Elongation of the feature – major and minor axes (eccentricity)
• Islands or holes in the voids are material (Euler number)
• Features of a certain type per unit area

• Type classification – pits, cracks, corrosion, scratches, welds, 
edges, rubble

“The Euler number is the total number of objects in the image minus 
the total number of holes in those objects. Objects are connected 
sets of on pixels.” https://www.mathworks.com/help/images/ref/bweuler.html
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Baseline Y2X4 Feature Statistics –
For All 3,908 Features – Top 10
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Baseline Y1-6 X1-35 Images
Min 5 Pixel Area, Min Depth 1 Micron

• Unframed

• Framed
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Juan Selected Feature Image: HCL O 
Un-Polished O2 Sec 4 Y1X1

Found the large isolated pit with a low eccentricity value (round).
A lot of information about the image and features within the image.
Still more work need to be done.

LCM
Automated LCM+Automated

Feature ”floor” roughness
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Juan Selected Feature 
Image: MgCl2 Inside Y15X18

Found crack with a high eccentricity value (line)

LCM
Automated

LCM+Auto
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Juan Selected Feature Image: 
S1953d Teardrop

Competing factors (cracks at the bottom of pits)
Excellent job by automatic software to identify these features
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Image Classification
• What features are in the image?

• Type

• Number

• How are the images ranked from most to least likely to be 

scrutinized further?

• Actual sample images of concern

• Comparative baseline images

• Scrutinize images with certain types of features

• Deep non-elongated features (pits)

• Long or deep elongated features (cracks or parts of cracks)

• High density of features of a certain size per unit area (corrosion)
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FY09 DE02: Montage 300 Images, Framed, With 
Edges, Minimum 50 Pixel Area, 1 Micron Depth 
or Deeper

• Edge 
effects

• Jittered 
Images

• Y15 Left
• Y15 

Right
• Y14-15   

X11-12               
Zoom In
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FY09 DE02: Montage 300 Images, Unframed, No edges Minimum 5 Pixel 
Area, 1 Micron Depth or Deeper
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Baseline Y1-6 X1-35 Images
Min 5 Pixel Area, Min Depth 1 Micron

• Unframed

• Framed
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Correlation of Statistics with Subject 
Matter Expert Analysis Opinion

• Are we finding all the features of interest?
• Are we flagging features that are not of interest?
• Are the images that are ranked near the baseline images of interest 

or concern?
• Are the images that are ranked as different than the baseline 

images, practically different than the baseline?
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Baseline vs. 09DE2 Feature depth 
comparison
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Obtaining the Data
• Michael sends Juan vk4 data files
• Juan sends csv files for analysis

• Cumbersome
• Time consuming
• Prone to human error

• Is there another way to obtain the data?
• vk4 files
• Binary data
• 80838 lines
• No map
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Understanding the vk4 files
• Keyence (the microscope vendor) would not provide a map or format 

for the vk4 files – require a new microscope for batch run software
• Image software Gwyddion does read this format
• Keyence (Kevin Dugan) suggested I talk with Gwyddion
• Correspondence with David Nečas (Yeti) <yeti@gwyddion.net>
• All image data except intensity data was read once the location and 

proper binary conversion was discovered
• The image intensity data requires a binary conversion and location 

knowledge as well as a “gamma” conversion function (=.45)
• I discovered the gamma conversion function that provides the 

intensities within ±1 unit out of ~30,000 (difference likely due to 
Keyence rounding)

• The vk4 files can be read with a Matlab program and produce a 
Matlab workspace with the eight images from the file

• The ability to read the vk4 file format benefits the project immensely 
in terms of productivity, accuracy, and efficiency
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vk4 File Read – 1.9 Seconds
TA_Stamp_20X_S1_Y1_X1.vk4

Win Version
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vk4 File Read – 1.9 Seconds
HCL_Pol_no_O2_Sec1_all_Y2_X4.vk4

Win Version



Los Alamos National Laboratory UNCLASSIFIED

Current Capabilities
• Read vk4 file to extract image data

• Analyze image height/depth data to obtain image feature statistics

• Correct height/depth for curvature

• Determine number of features

• Determine statistics of features

• Maximum depth and/or height, Area, Volume, Eccentricity, Number of holes/islands, Shape 

in pixels, Bounding box, Centroid, Orientation, Density (specific features per unit area)

• Classify features

• Pits by Depth and Area

• Parts of cracks by Eccentricity

• Corrosion by Density of features of minimum depth and size

• Classify Images by contained features

• Existence of Pits

• Existence of Parts of Cracks

• Existence of Corrosion

• Compare Images of Interest to Baseline
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Next Steps
• Matlab computer code integration of the vk4 read with the 

image statistics calculation code
• Improve Matlab code statistics calculation

• Height and depth at the same time
• Speed

• May need to construct new statistics 
• Density of smaller features
• Roughness of pit or crack bottoms

• Work on the 6,000 images
• Currently tested on 300 at a time - need to handle 6,000

• Utilize feature statistics and various thresholds/cutoffs to 
classify features of interest based on subject matter expertise
• Pitting, cracks, corrosion, other

• Identify images of interest – Classify images
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Benefits

• The ability to read the vk4 file format benefits the 
project immensely in terms of productivity, accuracy, 
and efficiency
• Input for Matlab feature detection, quantification, and analysis
• Input image data to the big data analysis

• The feature statistics may be used as input to the big 
data analysis
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Questions?
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Thank you to the following for useful 
comments in the development of 
this presentation

• John Berg
• Juan Duque
• Kim Kaufeld
• Elizabeth Kelly
• Laura Worl
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Backup Slides

• Elizabeth Kelly – 2 slides
• Gamma correction – 3 slides 
• High resolution mac .mov movies
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Framework for Initial ICCWR Examinations 
• Automated pitting and surface corrosion analysis

ü LCM depth data analyzed using specified parameters for feature 
identification (2.5 microns area [5 pixels], deeper than one micron)  (do 
not lose info, can set other parameters for post-processing)
ü Identify images that look like baseline and those that are altered by storage environment 

(e.g., based on distribution of feature depths, …)
ü Identify images with deepest and largest area features (cutoffs for analysis: ~20 micron 

area and 10 micron depth)
ü Identify images with greatest number of features (cutoffs for analysis ~20 micron area and 

10 micron depth)

� we can do this now
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Framework for Initial ICCWR 
Examinations  (con’t)
§ Automated crack analysis

üLCM depth data analyzed using specified parameters (2.5 sq
microns area, greater than one micron depth)
ü Identify potential cracks –

üFeatures with high linearity
üLinear features with high frequency and/or large size
üLinear features with connectedness (orientation, location)

� we can do this now
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http://archive.is/iuUnG
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http://archive.is/iuUnG
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Computing the Gamma Intensity 
Correction

• Find Gamma Correction Function Coefficients for 
These vk4 Files

• Gamma = .45 (may be read from the vk4 file)
• Cutoff = 9830 (directly applied to binary data value 

(BDV))
• First Line 2.8389 x BDV, BDV ≤ 9830
• Second Line 445.71 x BDV0.45 + .4476, BDV > 9830
• Result is the Intensity (±1)
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vk4 File Read – 1.9 Seconds
TA_Stamp_20X_S1_Y1_X1.vk4

MAC Version
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vk4 File Read – 1.9 Seconds
HCL_Pol_no_O2_Sec1_all_Y2_X4.vk4

MAC Version


