
P O R T A B L E  M I C R O S C O P Y  A S  
A  N E W  C O N C E P T  F O R  R E A L -
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A c k n o w l e d g e m e n t s

T h e  w o r k  p r e s e n t e d  
h e r e  h a s  b e e n  p r i m a r i l y  
s p o n s o r e d  b y  t h e  A l p h a  
F o u n d a t i o n  f o r  t h e  
i m p r o v e m e n t  o f  M i n e  
S a f e t y  a n d  H e a l t h .
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B A C K G R O U N D  A N D  
M O T I V A T I O N
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B a c k g r o u n d  a n d  
M o t i v a t i o n

• I n h a l i n g  d u s t  p a r t i c l e s  c a n  c a u s e  
d e b i l i t a t i n g  l u n g  i l l n e s s e s  a n d  
u l t i m a t e l y  r e s u l t  i n  d e a t h .

• 2 5 2  d e a t h s  ( 2 0 1 8 - 2 0 1 9 )
• F e d e r a l  C o a l  M i n e  H e a l t h  &  

S a f e t y  A c t  p a s s e d  i n  1 9 6 9 .
• D e c l i n i n g  i n c i d e n c e  o f  l u n g  

d i s e a s e  u n t i l  t h e  m i d  1 9 9 0 s .
• R e s u r g e n c e  i n  t h e  l a s t  2  d e c a d e s .

4

H o w  t o  e x p l a i n  t h e  i n c r e a s i n g  
n u m b e r  o f  c a s e s  o f  o c c u p a t i o n a l  
l u n g  d i s e a s e  i n  U S  m i n e r s  o v e r  t h e  
l a s t  2 0  y e a r s ?

5 - y e a r m o v i n g a v e r a g e p e r c e n t a g e o f p r o g r e s s i v e
m a s s i v e f i b r o s i s i n m i n e r s w i t h 2 5 y e a r s o f
u n d e r g r o u n d t e n u r e , V i r g i n i a , K e n t u c k y , a n d W e s t
V i r g i n i a . T a k e n f r o m H a l l e t a l . , 2 0 1 9 .



G r a v i m e t r i c
• Personal dust 

monitor.
• Helmet-CAM.
• Microfluidics.

L i g h t  S c a t t e r i n g
Measures Intensity of 

light scattered.

N I O S H  F T I R
End-of-shift to 
quantify quartz

(prototype).

C h e m i l u m i n e s c e n c e
Silica particles are 

bound to light-
emitting molecule

(prototype).

C u r r e n t  M o n i t o r i n g  
T e c h n o l o g i e s
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D u s t  S o u r c e s

6

Particle class Likely source
Coal Coal strata cutting
Carbonate Rock dust application
Silicate, silica Rock strata cutting

D u s t  p a r t i c l e  t y p e s :
• C o a l
• S i l i c a
• K a o l i n i t e
• C a l c i t e



O p t i c a l  M i c r o s c o p y
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H a s  b e e n  w i d e l y  u s e d  t o  c h a r a c t e r i z e  m i n e r a l  p a r t i c l e s  
i n  s e v e r a l  a p p l i c a t i o n s .

P l a n e - p o l a r i z e d  l i g h t C r o s s - p o l a r i z e d  l i g h t

• I d e n t i f i c a t i o n  
o f  m i n e r a l s .

• P a r t i c l e  s i z e  
a n d  s h a p e .

• H e a l t h - b a s e d  
m o n i t o r i n g .



B i r e f r i n g e n c e
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N o v e l  M o n i t o r i n g  
C o n c e p t
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E n v i s i o n e d  d u s t  
m o n i t o r :
• P o r t a b l e  m i c r o s c o p y .
• A u t o m a t e d  i m a g e  

a n a l y s i s .

A d v a n t a g e s :
• F i e l d  d e p l o y a b l e .
• S e m i - c o n t i n u o u s .
• F a s t  a n a l y s i s .

L i m i t a t i o n :
• P a r t i c l e  s i z e



O b j e c t i v e s

• D e m o n s t r a t e  t h a t  O M  a n d  a u t o m a t e d  i m a g e  a n a l y s i s  
c a n  b e  u s e d  t o  s e p a r a t e  c o a l  a n d  m i n e r a l  f r a c t i o n s  i n  
r e s p i r a b l e  c o a l  m i n e  d u s t .

• D e v e l o p  a  c l a s s i f i c a t i o n  m o d e l  f o r  d i s t i n g u i s h i n g  
b e t w e e n  m a j o r  t y p e s  o f  m i n e r a l  d u s t  p a r t i c l e s .
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02
M A T E R I A L S  A N D  

M E T H O D S



M a t e r i a l s  a n d  M e t h o d s
S a m p l e  p r e p a r a t i o n
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• P u m p  w o r k i n g  
a t 2  L / m i n

• 1 0 - m m  n y l o n  
c y c l o n

• R e s p i r a b l e  d u s t  
d e p o s i t e d  o n  
f i l t e r  a n d  
c o v e r s l i p

• F i l t e r s  u s e d  f o r  
S E M  a n a l y s i s
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O l y m p u s  B X 5 3 M  p o l a r i z i n g  m i c r o s c o p e

• I m a g e  f r a m e
• T P P
• T C P
• R P P
• R C P

• S t a n d a r d  l i g h t i n g  
c o n d i t i o n s :

• E x p o s u r e  t i m e .
• C o l o r  b a l a n c e
• L i g h t  i n t e n s i t y

M a t e r i a l s  a n d  M e t h o d s
I m a g i n g
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3 .  B i n a r y  m a s k
L a b e l i n g  a n d  
l o c a t i o n  o f  a l l  
p a r t i c l e  p i x e l s .

2 .  A d a p t i v e  t h r e s h o l d i n g  a l g o r i t h m

1 .  T r a n s m i t t e d  p l a n e - p o l a r i z e d

4 .  D a t a s e t  o f  p a r t i c l e s
• P a r t i c l e  i n t e n s i t y
• P a r t i c l e  s i z e  &  s h a p e

M a t e r i a l s  a n d  M e t h o d s
P a r t i c l e  I d e n t i f i c a i t o n - F e a t u r e  E x t r a c t i o n



03

C O A L  V S .  M I N E R A L  
C L A S S I F I C A T I O N
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Dust samples Number of 
samples

Frames 
imaged/sample

Number of 
frames

Total 
number of 

Images

Total particles 
identified

(≥ 27 pixels)

Single 
material

Coal 3 50 150 600 24573
Kaolinite 3 50 150 600 20125
Rock dust 3 50 150 600 20512
Silica 3 50 150 600 8835

Composite
Coal + Kaolinite 1 20 20 80 329
Coal + Rock dust 1 20 20 80 303
Coal + Silica 1 20 20 80 3167

C o a l  v s .  M i n e r a l  C l a s s i f i c a t i o n
D a t a s e t
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Cross-polarized Light

Mineral

Coal Mineral

C o a l  v s .  M i n e r a l  C l a s s i f i c a t i o n
A g r e g a t e d  M e a n  P a r t i c l e  I n t e n s i t y

AMPI Metric
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Coal Kaolinite Rock dust Silica
Training 

set
(98.24%)

True 19472 17831 18310 8235
Predicted 18616 (96%) 17596 (99%) 18285 (99.9%) 8225 (99.9%)
Misclassified 856 (4%) 235 (1%) 25 (0.1%) 10 (0.1%)

Test set
(97.7%)

True 5101 2294 2202 600
Predicted 4909 (96%) 2253 (98%) 2202 (100%) 599 (99.8%)
Misclassified 192 (4%) 41 (2%) 0 (0%) 1 (0.2%)

C o a l  v s .  M i n e r a l  C l a s s i f i c a t i o n
M o d e l l i n g

• C o a l  p a r t i c l e s  a r e  m i s c l a s s i f i e d  m o r e  
o f t e n  t h a n  m i n e r a l s .

• I m p u r i t i e s .
• O r i e n t a t i o n  o f  p a r t i c l e s .
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C l a s s i f i c a t i o n  
M o d e l

T P P

T C P

C o a l  v s .  M i n e r a l  C l a s s i f i c a t i o n
T e s t i n g
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Sample OM SEM-EDX
Coal % Mineral % Coal % Mineral %

Coal & Kaolinite 27 73 26 74
Coal & Rock dust 77 23 87 13
Coal & Silica 97 3 95 5

• R e s u l t s  i n  v e r y  g o o d  a g r e e m e n t  w i t h  
t h o s e  i n d i c a t e d  b y  s c a n n i n g  e l e c t r o n  
m i c r o s c o p y  ( S E M )

C o a l  v s .  M i n e r a l  C l a s s i f i c a t i o n
R e s u l t s  o n  C o m p o s i t e  S a m p l e s



04

M I N E R A L  
S U B C L A S S I F I C A T I O N



M i n e r a l  S u b c l a s s i f i c a t i o n
D a t a s e t
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Sample Type Material Number of 
samples

Frames 
imaged/sample

Total particles 
identified

(≥ 27 pixels)

Single material
K 3 50 20125
RD 3 50 20512
S 3 50 8835

Composite
(coal + one mineral)

C+K 1 20 329
C+RD 1 20 303
C+S 1 20 3167

Composite
(3 minerals)

K+RD+S_1 1 20 5298
K+RD+S_2 1 20 6296
K+RD+S_3 1 20 5315

Composite
(3 minerals + coal)

K+RD+S+C_1 1 30 2702
K+RD+S+C_2 1 30 3432

A l l  s a m p l e  p r e p a r a t i o n  a n d  d u s t  i m a g i n g  m e t h o d s  w e r e  t h e  
s a m e a s  d e s c r i b e d  e a r l i e r



23

M i n e r a l  S u b c l a s s i f i c a t i o n
F e a t u r e  S e l e c t i o n

• E x p l o r a t i o n  o f  a  c o m b i n a t i o n  o f  m o r e  t h a n  8 0  p a r t i c l e  f e a t u r e s
• S t e p w i s e  m e t h o d  t o  s e p a r a t e  c o a l ,  t h e n  s i l i c a  ( b i n a r y  c l a s s i f i c a t i o n )
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M i n e r a l  S u b c l a s s i f i c a t i o n

C l a s s i f i c a t i o n  
M o d e lM M P I M M P I
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Silica Other minerals
Kaolinite Rock dust

Training set
(77%)

True 8235 17831 18310
Predicted 6361 (77%) 12875 (72%) 15038 (82%)
Misclassified 1874 (23%) 4956 (28%) 3272 (18%)

Test set
(81%)

True 600 2294 2202
Predicted 463 (77%) 1808 (79%) 1868 (85%)
Misclassified 137 (23%) 486 (21%) 334 (15%)

M i n e r a l  S u b c l a s s i f i c a t i o n

T r a i n i n g  s e t
• T h e  m o d e l  t e n d s  t o  m i s c l a s s i f y  m i n e r a l  p a r t i c l e s  a s  s i l i c a

T e s t  s e t
• T h e  m o d e l  t e n d s  t o  m i s c l a s s i f y  s i l i c a  p a r t i c l e s  a s  o t h e r  m i n e r a l s  i n
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M i n e r a l  S u b c l a s s i f i c a t i o n
R e s u l t s  o n  C o m p o s i t e  S a m p l e s

E f f e c t s  o f  p a r t i c l e  l o a d i n g  d e n s i t y  i n  
c l a s s i f i c a t i o n  a c c u r a c y
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M i n e r a l  S u b c l a s s i f i c a t i o n

P o s i t i v e  v a l u e s
• O M  i s  o v e r e s t i m a t i g  

s i l i c a  r e l a t i v e  t o  S E M

V a l u e s  n e a r  0
• O M  a n d  S E M  r e s u l t s  

m a t c h  w e l l

N e g a t i v e  v a l u e s
• O M  i s  u n d e r s t i m a t i n g  

s i l i c a  r e l a t i v e  t o  S E M



C o n c l u s i o n s  a n d  
R e c o m m e n d a t i o n s

28
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C o n c l u s i o n s

• M o r e i n f o r m a t i o n a b o u t s p e c i f i c d u s t c o n s t i t u e n t s a n d
e n h a n c e d m o n i t o r i n g i s c r i t i c a l l y n e e d e d .

• P o r t a b l e o p t i c a l m i c r o s c o p y a n d i m a g e p r o c e s s i n g
t e c h n i q u e s a r e p o t e n t i a l l y g o o d c a n d i d a t e s f o r n e a r r e a l -
t i m e m o n i t o r i n g .

• C o a l a n d m i n e r a l f r a c t i o n s c a n b e e f f e c t i v e l y s e p a r a t e d
u s i n g T C P a n d T P P i m a g e p a i r s w i t h o u t s t a n d i n g
c l a s s i f i c a t i o n a c c u r a c y ( > 9 7 % ) a n d g o o d a g r e e m e n t w i t h
S E M r e s u l t s .

• T h e m o d e l f o r c l a s s i f y i n g s i l i c a s h o w e d r e l a t i v e l y g o o d
r e s u l t s . H o w e v e r , c o m p o s i t e s a m p l e s r e v e a l e d t h a t p a r t i c l e
l o a d i n g d e n s i t y w a s a k e y f a c t o r i n t e r m s o f m o d e l
p e r f o r m a n c e .
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F u t u r e  W o r k

• F i n d  o p t i m a l  p a r t i c l e  l o a d i n g  d e n s i t y  ( P L D )
1 . D e t e r m i n e  b e s t  m e t h o d  t o  c o n t r o l  p a r t i c l e  d e p o s i t i o n .
2 . P r e p a r e  s a m p l e s  t h a t  c a p t u r e  t h e  v a r i a b i l i t y  o f  P L D  f o r  

e a c h  t y p e  o f  m a t e r i a l .
3 . F i n d  P L D  v a l u e  t h a t  m a x i m i z e s  p a r t i c l e  c l a s s i f i c a t i o n  

a c c u r a c y .
• B a l a n c e  t h e  d a t a s e t s  t o  h a v e  s i m i l a r n u m b e r  o f  

o b s e r v a t i o n s  i n  a l l  p a r t i c l e  t y p e s .
• D e v e l o p  a  c r i t e r i o n  t o  t r a n s f o r m  t h e  2 - d i m e n s i o n a l  p a r t i c l e  

d a t a  i n t o  a  m o r e  p r a c t i c a l  m a s s - b a s e d  f a s h i o n
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T H A N K  Y O U !

31



A P P E N D I X
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E f f e c t  o f  P a r t i c l e  S i z e
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E f f e c t  o f  P a r t i c l e  S i z e
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E f f e c t  o f  P a r t i c l e  S i z e
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M i n e r a l  
S u b c l a s s i f i c a t i o n
F e a t u r e  S e l e c t i o n

36

Feature
Kaolinite 
vs. Rock 

dust

Kaolinite 
vs. Silica

Rock dust 
vs. Silica

Kaolinite 
vs. other 
minerals

Rock dust 
vs. other 
minerals

Silica vs. 
other 

minerals

Mean 
f.o.m

Transmitted AMPI 0.382 1.24 0.805 0.538 0.096 0.981 0.67
Transmitted MMPI 0.285 1.22 0.946 0.453 0.015 1.056 0.66
TPP GSD 0.012 0.828 0.969 0.186 0.174 0.888 0.51
Homogeneity 0.583 0.537 0.065 0.568 0.437 0.273 0.41
Reflected DMPI 0.384 0.209 0.594 0.211 0.442 0.397 0.37
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