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Image Processing Technology for Analyzing the Heating State of
Carbon Fiber Surface Heating Element
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Department of Electronics Convergence Engineering, Wonkwang University
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Abstract In this study, we analyzed the heat generation state of a flat heating element by using image processing
technology in conjunction with carbon fiber. The flat heating element is manufactured by chopping the carbon fiber
to a small size and bonding it again using a dispersing agent. The solution of carbon fiber, bound together using the
dispersant, is then filtered onto the nonwoven fabric. The last step is to obtain flat carbon fibers in the form of
nonwoven fabrics for the purpose of drying the filtered carbon fibers. In the flat heating element, electricity may be
applied to the carbon fiber on the surface produced in this manner. In this study, the flat heating element was analyzed
by four methods. The analysis of the heat generation characteristics and heating rate of the flat heating element
confirmed that the fabricated sheet heating element corresponds to a normal army. The analysis of the insulation
coating and flat heating element module, which can be used for actual product manufacturing, involves two
dimensional image analysis using image processing technology. The thermal image analysis of the flat heating element
is a programming technique that not only analyzes the heat generation state in both two and three dimensions, but
also displays the upper and lower 15 to 20% ranges of temperature corresponding to the heat generation in the image
. In the final analysis, it is possible to easily find the erroneous part in the manufacturing process by directly showing
the state of the fabricated flat heating element on the screen. By combining this image analysis method of the flat
heating element with the existing method, we were able to more accurately analyze the heat generation state.
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Fig. 1. Production of carbon fiber dispersion
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Heat characteristic analysis of flat heating
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Table 1.
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Fig. 3. Carbon fiber flat heating element

Fig. 4. Heat characteristic graph of flat heating element
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Table 2. Condition of heating rate of flat heating element

Classification measured value
thickness 100um
Sheet resistance 2.7Q/sq
area 250x250mm
Voltage 5V
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Fig. 5. Evaluation graph of heat generation rate of

carbon fiber flat heating element
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Fig. 6. Coated flat heating element module
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Fig. 7. The thermal image of the coated planar heating
element module



o=

[e]

R

bar 7}

°©

3=
el
=3
—_
N
™
<
—_
N

[¢]

=

3VolA 12VE

o]

Sl Ar) Lwrt wa

At

[e)

p

t} 19 8

PA

<3}

—_

o
-

=

O

¢

o
o
o
o
o
Ko
AO

Sfol STtk 257t

141

o]

11 9

°

TFAHOR FA

[e]

=

A

=

flat heating element module
=

R

v

Fig. 10. Three-dimensional image analysis of coated
2348 olvl )

Matlab

* "' - s ammn
- -
Time (sec)

4

-

e S

heating element module

o =<
Fig. 8. Heat characteristic graph of the coated flat

=
24

< 0[0fx|

t

3|

3l

T
o
2}
ko)

A
o

L

L

3} 2 2)

I 27158 dsbd 7hvilet

o wealglom, Fol7] el

=
[<]

3

=i
=

]

&3 ddEm, £4

7

o

}_

TR A Do) A

Ll

2 obels} g e

Tgo

xr
i

heating element module

Fig. 11. Two-dimensional image analysis of coated flat
Fig. 12. Program analysis of Two-dimensional image

687

HAT

°

&)

7 Z

Fig. 9. Two-dimensional image analysis of coated flat
heating element module

[10,11].



ARSI Eee =R A9Y A2E, 2018

T 12 ZEa 9d B4 AR sjekNoR
F3F BRol A9 2% 15-20%E e Aolx, A
HAL 519 L% 15~20%% UERd Zlolt), 9]¢ o]n|
A EkAle) viely o] ZH Al T o ® RolHA] 1
5 HAdRI} FYo] Ha Bits stdRI) spgAe R
% @ 7Qo|t} o|o} zre Ly BA Hhio A4
ol F-HE & = glof WA Aol HA WS
AAE 5= Qi o]9f & FAAY V&S o] &3 Y
Tt o AEE wWAddAY AE L A0S dE
N 9lE Aotk

4.4 2

B =R g fE o] 43 uardd e B4
S A 71Es Este] T4 FEAE 7]
&8 o] 43 B4 e 7)o Tz 24 ) A
gralo] Abgat BS e B4 49E 4S5 U
o} ok ol AF AEE eiM FUAS FAF
G 9tk E3] 49 59 319 259 15-20%2 39
o A% 25 2 Es 4A

References

[1] B. R. Kim, H. K. Lee, S. H. Park, H. K. Kim, Thin
Solid Films, 519, 3496, 2011.
DOI: https://doi.org/10.1016/j.tsf.2011.04.059

[2] A. A. Al-Ghamdi, F. E. Tantawy, Comp. Part A : Appl.
Sci.Manuf., 41, 1693, 2010.
DOI: https://doi.org/10.1016/j.compositesa.2010.08.006

[3] C.Y. Huang, W. W. Mo, M. L. Roan, Surf. Coat. Tech.,
184, 123, 2004.
DOI: https://doi.org/10.1016/j.surfcoat.2003.11.010

[4] Y. Y. Kim, J. Yun, Y. S. Lee, H. I. Kim, Carbon Lett.,
12,48, 2011.
DOL: https://doi.org/10.5714/CL.2011.12.3.167

[5] B. O. Lee, W. J. Woo, H. S. Song, H. S. Park, H. S.
Hahm, J. P. Wu, M. S. Kim, J. Ind. Eng. Chem., 7, 305,
2011.

[6] Han, G. Y., Kim, J. S.,, Ahn, D.G.,, "A study on
Electromagnetic Interference Shielding Effectiveness of
the Metal Powders and Nano Carbon black
/FiberRainforced Epoxy Composites", Journal of the

Korea Society for Precision Engineering, vol. 23, no.

8, pp. 100-107, 2006.

[7] Jung, W. K., Ahn, S. H., Won, M. S., "Comparison of
Electromagnetic-wave Shielding Effect in Glass Fiber
Reinforced Nano Composites", Journal of the Korea

Society for Precision Engineering, vol. 22, no. 10, pp.
121-128, 2005.
[8] Chen, H. C., Lee, K. C., Lin, J. H., "Electromagnetic

and electrostatic shielding properties of co-weaving-
knitting fabrics reinforced composites”, Composites
Partl, vol. 35, pp. 1249-1256, 2004.

DOI: https://doi.org/10.1016/S1359-835X(04)00119-8

[9] Yuping, D., Shunhua, L., Hongtao. G., "Investigation of
electrical conductivity and electromagnetic Shielding
Effectiveness of polyaniline composites", Science and
Technoly of Advanced Material, pp. 1-6, 2005.

[10] Rafael C. Gonzalez, Richard E. Woods “Digital Image
Processing Using MATLAB 2nd ed.”, 2009

[11] Jung, S, T, “Practical Image Processing using Visual C
++7, 2014

X & S(Joon-Ho Cho) [H3]12]

20024 29 : et s
Ao} A 2 st a(F 8 A

©2007d 2¢ . FdiEha g
Ao} A 2 st shatAb

©2007\d 49 ~ @A : dFogu
ARGy} ZaS

<A EoR

A7), ZEAA, oz gdA e

2 & £=(Hyung-Soo Hwang) [H3|¥]
019831 2¢ . ALuista Wit
Zdﬂ%i“ﬂ(%‘i“*})
* 1987 2¢ . HALdigha ikl

zdﬂ%w(%wm
°1991d 8 ~ 1992 7€
University of Ottawa(Canada)H
1(Post. Doc)
*1998d 3¢ ~ dA :

AT

o
Kl

Gyt

] =





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


