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Goals of Presentation 

 Define	
  Quality	
  Management,	
  Quality	
  Assurance,	
  and	
  
Quality	
  Control	
  in	
  the	
  context	
  of	
  Advanced	
  
Classifica2on	
  

 Present	
  current	
  ‘state	
  of	
  the	
  art’	
  with	
  examples	
  

 Discuss	
  direc2on	
  of	
  current	
  development	
  and	
  
associated	
  challenges.	
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Advanced Classification: 
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 Data	
  Acquisi8on	
  
New	
  sensors	
  provide	
  a	
  rich	
  data	
  set	
  of	
  
observed	
  responses.	
  

 Modeling	
  
What	
  combina2on	
  of	
  features	
  (size,	
  
shape,	
  composi2on,	
  loca2on	
  and	
  
orienta2on)	
  would	
  provide	
  responses	
  
that	
  match	
  the	
  observed	
  responses?	
  

 Classifica8on	
  
Do	
  the	
  intrinsic	
  features	
  (size,	
  shape,	
  
composi2on)	
  look	
  like	
  an	
  ordnance	
  
item?	
  

Rank Comment 
1 High confidence munition 

2 
3 

… Can’t make a decision 

… 

… High confidence non-munition	
  

… 
… 
… 
… 
N 

Principal Axes 
Polarizabilities 
(betas) 
         + 
Refined 
Position /
Attitude  
estimates 



Quality Management Objectives 
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 Ensure	
  the	
  quality	
  of	
  the	
  data	
  
being	
  collected	
  

 Ensure	
  that	
  the	
  collected	
  data	
  
and	
  derived	
  products	
  support	
  
conclusions	
  based	
  upon	
  these	
  	
  
results	
  

 Document	
  the	
  QC/QA	
  findings	
  
so	
  that	
  the	
  client	
  can	
  be	
  
assured	
  of	
  the	
  quality	
  of	
  the	
  
results	
  



Quality Management 
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Quality Management 

Quality Assurance 

Project Planning 
• QAPPs 
• Work Plans 
• MQOs 

Personnel Requirements  
• Qualifications 
• Training 

• Audit against planning docs 
• 3rd party data verification /
validation 

System 
Maintenance 
• Hardware upgrades 
• Software upgrades 
• SOPs Quality Control 

• Verify data 
• Validate data 

• Validate results 

Quality Assurance: 
Audit project activities against 
planning documents 

Quality Control: 
Audit project data against 
planned or standard 
measurement quality objectives 

Quality Management: 
Program activities involved 
with all aspects of quality 



Quality Control 
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 Data	
  Acquisi8on	
  	
  
•  Cued	
  measurements	
  

•  Dynamic	
  measurements	
  

 Data	
  Modeling	
  	
  
•  Single-­‐target	
  or	
  mul2-­‐target	
  inversion	
  to	
  find	
  

model(s)	
  that	
  best	
  fit	
  observed	
  data	
  

•  Output	
  =	
  features	
  intrinsic	
  to	
  the	
  target	
  

 Classifica8on	
  
•  Use	
  features	
  to	
  sort	
  targets	
  into	
  a	
  ‘priori2zed	
  list’	
  



Advanced Sensors 
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Sensor	
   Tx/	
  target	
  
orienta8on	
  

Tx/	
  Rx	
  
combina8ons	
  

Time	
  
gates	
  

Data	
  pts/	
  cued	
  
target	
  

EM61	
  Mk2	
   Dynamic*	
   Single	
   4	
   324*	
  

TEMTADS	
  2x2	
   Dynamic	
   4	
  Tx	
  x	
  12	
  Rx	
  =	
  48	
  	
   100	
   4,800	
  

MetalMapper	
   Dynamic	
   3	
  Tx	
  x	
  21	
  Rx	
  =	
  63	
   40	
   2,500	
  

*  requires multiple positions (9x9 pt sample grid) 



Sensor Function QC 

 QC	
  reports	
  should	
  be:	
  
  Easy	
  to	
  generate	
  on	
  a	
  daily	
  basis	
  
  Designed	
  to	
  iden2fy	
  problems	
  in	
  a	
  2mely	
  manner	
  

  Standardized	
  for	
  easy	
  interpreta2on	
  and	
  evalua2on	
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Background Removal QC 
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Data Modeling 
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Principal Axes 
Polarizabilities 
(betas) 
         + 
Refined Position /
Attitude  estimates 

Size, 
composition, 
shape 



Data Modeling QC 
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≈ ? ≈ ? 



Data Modeling QC 
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    



Data Modeling QC 
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Plan View 
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Classification 
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Quality Management 
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Project Planning 
Quality Assurance Project Plan (QAPP) 



 Soil	
  composi2on	
  /	
  geology	
  

 Types	
  and	
  variability	
  of	
  
an2cipated	
  TOI’s,	
  %	
  of	
  TOI	
  

 Density	
  distribu2on	
  of	
  metal	
  	
  

Project Planning: Site Considerations 
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Pole Mtn 
(resistive) 

Beale 
(conductive) 

 Pilot	
  Studies/Cost	
  Benefit	
  Analyses	
  to	
  manage	
  
expecta8ons	
  



System Maintenance 
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 Sensor	
  redesign/upgrades	
  
  Data	
  format	
  moving	
  to	
  Hierarchical	
  Data	
  Format	
  
(HDF)5.	
  

  Field-­‐worthiness	
  improvements	
  

 Sojware	
  upgrades	
  
  Take	
  advantage	
  of	
  HDF5	
  format	
  

  Streamlining	
  to	
  create	
  a	
  ‘standard’	
  workflow	
  

  Emphasis	
  on	
  QC	
  tools	
  	
  



Standard Operating Procedures 
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1	
   Assemble	
  the	
  MetalMapper	
  System	
  and	
  Verify	
  Correct	
  Opera2on	
  

2	
   Test	
  Sensor	
  and	
  System	
  at	
  the	
  IVS	
  

3	
   Produc2on	
  Area	
  Seeding	
  

4	
   Collect	
  Dynamic	
  Data	
  Using	
  the	
  MetalMapper	
  Sensor	
  

5	
   Preprocess	
  Dynamic	
  Data	
  and	
  Iden2fy	
  Anomalies	
  

6	
   Collect	
  Sta2c	
  Background	
  Measurements	
  

7	
   Collect	
  Cued	
  Target	
  Measurements	
  

8	
   Verify	
  Usability	
  of	
  Advanced	
  Sensor	
  Data	
  

9	
   Background	
  Correct	
  Cued	
  Anomaly	
  Data	
  

10	
   Invert	
  anomaly	
  data	
  to	
  extract	
  source	
  parameters	
  

11	
   Compare	
  extracted	
  parameters	
  to	
  MEC	
  signatures	
  in	
  the	
  data	
  library	
  

12	
   Develop	
  priori2zed	
  dig	
  list	
  using	
  library	
  matching	
  and	
  other	
  factors	
  

13	
   Verify	
  recovered	
  objects	
  are	
  compa2ble	
  with	
  advanced	
  classifica2on	
  predic2ons	
  

14	
   Develop	
  verifica2on	
  sampling	
  dig	
  list	
  and	
  perform	
  verifica2on	
  sampling	
  



Quality Assurance 
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 Challenges:	
  

  Library	
  maintenance	
  

  Classifica2on	
  approach	
  

  Operator	
  threshold	
  and	
  valida2on	
  of	
  results	
  



TOI Library 
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Objective vs Subjective Analysis 
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Rank Comment 

1 High confidence munition 

2 
3 
… Can’t make a decision 
… 

… High confidence non-
munition	
  

… 
… 
… 
… 
… 
… 

N 

Subjective  Decisions? 
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 Subjec2ve	
  decisions	
  to	
  move	
  a	
  target	
  from	
  the	
  ‘dig’	
  
to	
  ‘no-­‐dig’	
  category	
  should	
  be	
  strongly	
  discouraged	
  

 



Rank Comment 

1 High confidence munition 

2 
3 
… Can’t make a decision 
… 

… High confidence non-
munition	
  

… 
… 
… 
… 
… 
… 

N 

Subjective  Decisions? 
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 Subjec2ve	
  decisions	
  to	
  move	
  a	
  target	
  from	
  the	
  ‘no-­‐
dig’	
  to	
  ‘dig’	
  category	
  are	
  consistent	
  with	
  the	
  
conserva2ve	
  approach	
  of	
  “if	
  in	
  doubt,	
  dig”	
  

   



Rank Comment 

1 High confidence munition 

2 
3 
… Can’t make a decision 
… 

… High confidence non-
munition	
  

… 
… 
… 
… 
… 
… 

N 

Analysts ‘Threshold’ 
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 Who	
  should	
  ul2mately	
  make	
  the	
  ‘stop	
  dig’	
  decision?	
  

  Factors	
  such	
  as	
  remedia2on	
  budget,	
  end	
  use,	
  
exposure	
  pathways	
  are	
  beyond	
  the	
  purview	
  of	
  
the	
  analyst.	
  



Classification Validation 
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Analyst Threshold +10% +20% 



Final Thoughts 

 Advanced Classification has been shown to provide 
significant efficiencies in risk reduction at military 
munitions response sites 
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 Quality Management will be 
critical to the successful 
implementation of Advanced 
Classification 



Comments/Questions? 
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Contact: David Wright 
David.Wright@CH2M.com 
(919) 520 8673 



Advanced Classification Demonstration/Validation 

Receiver	
  Opera2ng	
  Characteris2c	
  (ROC)	
  Curves	
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Rank Comment 

1 

2 High confidence munition 

3 

… Can’t make a decision 

… Can’t make a decision 

… 

… 

… High confidence non-munition 

… 

… 

… 
… 

N 

correctly 
classified as 

non-hazardous 

Perfect	
  Results	
  

correctly 
classifie

d as 
non-

hazardo
us 

No	
  Berer	
  Than	
  
Chance	
  

Classifier	
  Output:	
  
Priori2zed	
  Dig	
  List	
  

Valida2on	
  program	
  results:	
  	
  
-­‐	
  dig	
  everything	
  to	
  assess	
  	
  
technology	
  


