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ABSTRACT

Objectives: An image processing program for asbestos fibers analyzing the gradient components and partial linearity was
developed in order to accurately segment fibers. The objectives were to increase the accuracy of counting through the formulation
of the size and shape of fibers and to guarantee robust fiber detection in noisy backgrounds.

Methods: We utilized samples mixed with sand and sepiolite, which has a similar structure to asbestos. Sample concentrations of
0.01%, 0.05%, 0.1%, 0.5%, 1%, 2%, and 3%(w/w) were prepared. The sand used was homogenized after being sieved to less than
180 um. Airborne samples were collected on MCE filters by utilizing a personal pump with 2 L/min flow rate for 30 minutes. We
used the NIOSH 7400 method for pre-treating and counting the fibers on the filters. The results of the NIOSH 7400 method were
compared with those of the image processing program.

Results: The performance of the developed algorithm, when compared with the target images acquired by PCM, showed that the
detection rate was on average 88.67%. The main causes of non-detection were missing fibers with a low degree of contrast and
overlapping of faint and thin fibers. Also, some duplicate countings occurred for fibers with breaks in the middle due to
overlapping particles.

Conclusions: An image detection algorithm that could increase the accuracy of fiber counting was developed by considering the
direction of the edge to extract images of fibers. It showed comparable results to PCM analysis and could be used to count fibers
through real-time tracking by modeling a branch point to graph. This algorithm can be utilized to measure the concentrations of
asbestos in real-time if a suitable optical design is developed.
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Figure 1. Image analysis program developed for fibrous matter
detection
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Figure 2. Photo of the Dust/Fiber Generation Apparatus utilized
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Figure 3. Flow chart of the algorithm for fibrous matter detection
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Figure 4. Images of the observed fibrous matters by PCM
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Figure 5. Modeling of an atypical fibrous matters developed for
the study

Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(4): 484-491

DAY QA T AE AR

M BRe] AANA e 19 BAE 3
Bofo] UNL 42T 4 ek, Figure 67 20| %
ARG A2 o] GEE o XS Hgato]
A g PR UASE 2 4 ok B4
£ 0D B4R HAT U 2 opaE 48sio] 1
Arid=g Fa of 1) LTAEe 2]k o
o] =S oushs G(xy) = Gx(xy) +Gy(x,y)' et 2

o A4FeF 4= Qlth EZFF ox]9] BEFE Okxy)=
arctan(Gy(x,y)/Gx(x,y)) = & 4= Ut}

bS]
HEAQl §44d e AL A9 vt 94
1 ol ol Agon
2 hough A H A%
SFch(Etemadi, 1992). 13
U rhecie AW HeE o s B4 A b
o2z Qlsfel 2t A ook AA ol 4
A ¢kt w3 AE PJAF e g Qlsto] 11 F1to]
A 5 QoA AAR He oA AFe]
of . webA o] Aol oA F= & oby
2t FHO GoolA et of|A9 Wk sidS
o]-§3sfo] o] X3}t

A et Rede gHew AR & ey
[e]

1] 0 |+1 +1 | +2 | +1
2|0 (+2 ojo|o0
1] 0 | +1 -11-2 |-
Gx Gy
Figure 6. A mask figure of the Sobel operator for gradient
calculation

Figure 7. Illustration showing the growth of a linear formation
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Figure 10. Steps showing fiber detection results for straight & curved fibers (400x) after image filtering

m. &zt oE e Aw dE daeE2 A dg=E =

ol7] flsliA Awe] BER Yt FE2F U=

olof] E Lo A PCMOE 331 GJAFS A} = oA W stk E 54T FH O
o7 AWAZE otz ALS Wrlgich Awel AWE FHE7| Yot SHAE ATt 271
o mofol met v FEo Hfrel Bt A2 § < T PR RdYFo 2N HAIZE 7o) 7}
B2 AU Aeo| thete] Wrler Warst ey a2 S St ol Mg R AR A Aus
4= PCM A9 oAkl thsto] iRt A F o of o3 2k s £4(Spiolite) 9] F-F-&f wE PCM
3 HAE AnE ey 9ok i et Image program W O] s H]aL

Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(4): 484-491 http://www.kiha.kr/



490 =M.

k=)
o
0K
k=)
OBt
e
o
e
Ho

35 -

s0d | o ﬁr(]:a'\ge’";‘;‘;‘;m y = 0.8724x + 0.1658
R? = 0.9977

2.5

2.0

y =0.8270x + 0.1191
R?=0.9996

Concentration (f/cc)

0.5 4

0.0 T T T T T T 1
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5

Sepiolite (%)

3.5

3.0 A

2.5 A

2.0

y = 0.9463x - 0.0364
R?=0.9984

Image program (f/cc)

0.0 T T T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

PCM method (f/cc)

Figure 11. Correlation of the PCM method and image program method according to the sepiolite content
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0.1% 0.2481 0.2016 18.7
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Table 2. The number of detection failures by the image program

(fiber)
Conten | il | e b e by g f deein
0.01% 100 18 15 3
0.05% 100 20 18 2
0.1% 100 32 26 6
0.5% 100 89 70 19
1% 72 100 90 10
2% 41 100 95 5
3% 28 100 93 7
SUM 541 459 407 52
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