PUC-Rio - Certificacé@o Digital N° 0312496/CA

97

8 Referéncias bibliograficas

ASM International. Practical Guide to Image Analysis. Materials Park (OH, USA),
2000.

Bonnet, N. Preliminary investigation of two methods for the automatic handling of
multivariate maps in microanalysis. Ultramicroscopy, v. 57, p. 17-27, 1995.

Bonnet, N. Multivariate statistical methods for the analysis of microscope image
series: applications in material sciences. Journal of Microscopy, v. 190, p. 2-18,
1998.

Bonnet, N. Artificial intelligence and pattern recognition techniques in microscope
image processing and analysis. Advances in Image and Electron Physics, v. 114,
p. 1-77, 2000.

Bonnet, N. Some trends in microscope image processing. Micron, v. 35, p. 635-653,
2004.

Bonnet, N.; Herbin, M.; Vautrot, P. Multivariate image analysis and segmentation in
microanalysis. Scanning Microscopy, v. 11, p. 1-21, 1997.

Bradley, A.; Wildermoth, M.; Mills, P. Virtual Microscopy with Extended Depth of
Field. In: Proceedings of the International Conference on Digital Image
Computing: Techniques and Applications, p. 235-242. International Conference
on Digital Image Computing: Techniques and Applications (DICTA 2005), Cairns
(Australia), 2005.

Brown, L. G. A Survey of Image Registration Techniques. ACM Computing
Surveys, v. 24, n. 4, p. 325-376, 1992.

Canny, J. A Computational Approach to Edge Detection. IEEE Transactions on
Pattern Analysis and Machine Intelligence, v. 8, n. 6, p 679-698, 1980.

Carl Zeiss Vision (2004). Axiovision, v. 4.2 [software].
Carl Zeiss Vision (1998). KS400, v. 3.0 [software].
Castleman, K. R. Digital Image Processing. Prentice-Hall, 1979.

Chang, Y. C. and Reid, J. F. RGB Calibration for Color Image Analysis in Machine
Vision. IEEE Transactions on Image Processing, v. 5, n. 10, p. 1414-1422, 1996.

Chen, C. Statistical Pattern Recognition. Rochelle Park (NJ, USA): Hayden Book
Co., 1973.

Cheng, H. D.; Jiang, X. H.; Sun, Y.; Wang, J. Color image segmentation: advances
and prospects. Pattern Recognition, v. 34, p. 2259-2281, 2001.

Craig, J. R.; Vaughan, D. J. Ore microscopy and ore petrography. 2. ed. New York
(NY, USA): John Wiley & Sons, 1994. 434 p.

Criddle, A. J. Ore microscopy and photometry (1890 — 1998). In: Cabri, L. J;
Vaughan, D. J. (Ed) Modern Approaches to Ore and Environmental


DBD
PUC-Rio - Certificação Digital Nº 0312496/CA


PUC-Rio - Certificacé@o Digital N° 0312496/CA

98

Mineralogy. Short Course Series, 27. Ottawa (Canada): Mineralogical Association of
Canada, 1998.

Criddle, A. J. and Stanley, C. J. (Ed.). Quantitative Data File for Ore Minerals. 3.
ed. London (UK): Chapman & Hall, 1993.

Crum, W. R.; Hartkens, T.; Hill, D. L. G. Non-rigid image registration: theory and
practice. The Britsh Journal of Radiology, v. 77, p. 140-153, 2004.

Danielsson, P. E. Euclidean Distance Mapping. Computer Graphics and Image
Processing, v. 14, p. 227-248, 1980.

Davidson, M. W.; Abramowitz, M. Optical microscopy, 1999. Disponivel em:
<http://micro.magnet.fsu.edu/primer/opticalmicroscopy.html>. Acesso em: 25
nov. 2004.

De-Deus, G.; Reis, C. M.; Fidel, R. A. S,; Fidel, S. R.; Paciornik, S. Co-site digital
optical microscopy and image analysis: an approach to evaluate the process of
dentine demineralization. International Endodontic Journal, v. 40, n. 6, p. 441-
452, 2007.

Donovan, J. J. Practical Considerations for Mosaic Imaging. In: Scanning 97
Conference Proceedings. Scanning 97, Monterey (CA, USA), 1997.

Duda, R. O.; Hart, P. E.; Stork, D. G. Pattern classification. 2. ed. Wiley-
Interscience, 2001.

Flusser, J. An adaptive method for image registration. Pattern Recognition, v. 25, n.
1, p. 45-54, 1992.

Friel, J. J. Measurements. In: ASM International. Practical Guide to Image
Analysis. Materials Park (OH, USA), 2000. p. 101-128.

Fukunaga, K. Introduction to Statistical Pattern Recognition. 2 ed. Academic
Press, 1990.

Galopin, R.; Henry, N. F. M. Microscopic study of opaque minerals. Cambridge
(UK): W. Heffers and Sons, 1972. 322 p.

Glasbey, C. A.; Martin, N. J. Multimodal microscopy by digital image processing.
Journal of Microscopy, v. 181, n. 3, p. 225-237, 1996.

Goldsmith, N. T. Deep Focus: a digital image processing techinique to produce
improved focal depth in light microscopy. Image Anal. Stereol., v. 19, p. 163-167,
2000.

Goldstein, J. I.; Newbury, D. E.; Echlin, P.; Joy, D. C.; Romig, A. D., Jr.; Lyman, C.
E.; Fiori, C.; Lifshin, E. Scanning electron microscopy and X-ray microanalysis.
A text for biologists, materials scientists and geologists. 2. ed. Plenum Press, 1992.

Gomes, O. F. M. Processamento e Anilise de Imagens Aplicada a
Caracterizagdo Automatica de Materiais. Rio de Janeiro, 2001. 141 p. Dissertagao
de Mestrado — Departamento de Ciéncia dos Materiais e Metalurgia, Pontificia
Universidade Catolica do Rio de Janeiro.

Gomes, O. F. M,; Paciornik, S. Automatic Classification of Graphite in Cast Iron.
Microscopy and Microanalysis, v. 11, p. 363-371, 2005.

Gomes, O. F. M,; Soto, O. A. J.; Pino, G. A. H.; Paciornik, S. Co-site Microscopy
Applied to Native Copper Ore Analysis. In: XX Congresso da Sociedade
Brasileira de Microscopia e Microanalise, Aguas de Linddia, 2005.


DBD
PUC-Rio - Certificação Digital Nº 0312496/CA


PUC-Rio - Certificacé@o Digital N° 0312496/CA

99

Gomes, O. F. M.; Zotin, F. M. Z.; Alcover-Neto, A.; Cardoso, M. J. B.; Paciornik, S.
Measurement of Automotive Catalyst Washcoat through BSE, SEM-CL and Digital
Image Analysis. In: V Encontro da SPBMat, Florianépolis, 2000.

Gonzalez, R. C.; Woods, R. E. Digital Image Processing. 2. ed. Upper Saddle
River (NJ, USA): Prentice-Hall, 2002.

Goshtasby, A. Image Registration by Local Approximation Methods. Image and
Vision Computing, v. 6, n. 4, p. 255-261, 1988.

Goshtasby, A. Registration of Images with Geometric Distortions. IEEE
Transactions on Geoscience and Remote Sensing, v. 26, n. 1, p. 60-64, 1988.

Goshtasby, A. 2-D and 3-D image registration for medical, remote sensing, and
industrial applications. Hoboken (NJ, USA): John Wiley & Sons, Inc., 2005.

Groen, F. C. A;; Young, I. T.; Ligthart, G. A Comparison of Different Focus
Functions for Use in Autofocus Algorithms. Cytometry, v. 6, p. 81-91, 1985.

Gu, Y. Automoated Scanning Electron Microscope Based Mineral Liberation
Analysis - An Introduction to JKMRC/FEI Mineral Liberation Analyser. Journal of
Minerals and Materials Characterisation and Engineering, v. 2, n. 1, p. 33-41,
2003.

Haralick, R. M. Textural features for image classification. IEEE Transactions on
Systems, Man, and Cybernetics, v. SMC-3, p. 610-621, 1973.

Haralick, R. M. Statistical and Structural Approaches to Texture. Proceedings of the
IEEE, v. 67, n. 5, p. 786-808, 1979.

Ineson, P. Introduction to practical ore microscopy. London (UK): Longman
Scientific & Technical, 1989.

Jain, A. K.; Duin, R. P. W.; Mao, J. Statistical Pattern Recognition: A Review. IEEE
Transactions on Pattern Analysis and Machine Intelligence, v. 22, n. 1, p. 4-37,
2000.

Jones, M. P. Applied mineralogy: a quantitative approach. London (UK):
Graham and Trotman Ltd., 1987.

Kanal, L. N. On pattern, categories, and alternate realities. Pattern Recognition
Letters, v. 14, n. 3, p. 241-255, 1993.

Komenda, ]J. Automatic recognition of complex microstructures using the Image
Classifier. Material Characterization, v. 40, p. 87-92, 2001.

Kotula, P. G.; Keenan, M. R.; Michael, J. R. Automated Analysis of SEM X-Ray
Spectral Images: A Powerful New Microanalysis Tool. Microscopy and
Microanalysis, v. 9, p. 1-17, 2003.

Kral, M. V,; Mangan, M. A.; Spanos, G.; Rosenberg, R. O. Three-dimensional
analysis of microstructures. Materials Characterization, v. 45, p. 17-23, 2000.

Kudo, M.; Sklansky, J. Comparison of algorithms that select features for pattern
classifiers. Pattern Recognition, v. 33, p. 25-41, 2000.

Leal, L. H. M. Fundamentos de Microscopia. Rio de Janciro: Editora da
Universidade do Estado do Rio de Janeiro, 2000.

Lessa, A. M.; Gomes, O. F. M.; Ferreira, H. O.; Paciornik, S.; D’Abreu, J. C.
Automatic Classification of Hematite Types in “Pellet Feed” through Digital Image


DBD
PUC-Rio - Certificação Digital Nº 0312496/CA


PUC-RIo - Certificagdo Digital N° 0312496/CA

100

Analysis. In: XXI Congresso da Sociedade Brasileira de Microscopia e
Microanalise. XXI Congresso da Sociedade Brasileira de Microscopia e
Microanalise, Armacao dos Buzios, 2007.

Littmann, E.; Ritter, H. Adaptive Color Segmentation — A Comparison of Neural
and Statistical Methods. IEEE Transactions on Neural Networks, v. 8, n. 1, p.
175-185, 1997.

MacRae, C. M.; Wilson, N. C.; Otsuki, M. Holistic Mapping. In: AMAS VI — The
Sixth Biennial Symposium in conjunction with SPM III — The Third Scanned
Probe Microscopy Conference, p. 68—69, 2001.

MacRae, C. M.; Wilson, N. C. Cathodoluminescence and energy dispersive X-ray
spectral data sets — Processing the data. Microscopy and Microanalysis, v. 11
(Suppl 2), p. 436-437, 2005.

Maintz, J. B. A.; Viergever, M. A. A Survey of Medical Image Registration. Medical
Image Analysis, v. 2, n. 1, p. 1-37, 1998.

Marques de S4, J. P. Pattern Recognition: Concepts, Methods and Applications.
Springer, 2001.

Marr, D.; Hildreth, E. Theory of Edge Detection. Proceedings of the Royal
Society of London Series B, v. 207, n. 1167, p. 187-217, 1980.

MathWorks (2007). Matlab, v. 2007a [software].

Nayar, S. K.; Nakagawa, Y. Shape from Focus. IEEE Transactions on Pattern
Analysis and Machine Intelligence, v. 16, n. 8, p. 824-831, 1994.

Neumann, R.; Schneider, C. L.; Alcover-Neto, A. Caracterizagio Tecnologica de
Minérios. In: Luz, A. B. et al. (Ed.). Tratamento de Minérios. 4. ed. Rio de Janeiro:
Centro de Tecnologia Mineral, 2004. p. 53-1009.

Nieder6st, M., Nieder6st, J., Scucka, J. Shape From Focus: Fully Automated 3D
Reconstruction and Visualization of Microscopic Objects. In: Proceedings of 6th
International Conference on Optical 3-D Measurement Techniques, p. 4-11.
6th International Conference on Optical 3-D Measurement Techniques, Zurich

(Switzerland), 2003.

Oho, E.; Okugawa, K.; Kawamata, S. Practical SEM system based on the montage
technique applicable to ultralow-magnification observation, while maintaining
original functions. Journal of Electron Microscopy, v. 49, n. 1, p. 135-141, 2000.

Orchard, M. T.; Bouman, C. A. Color Quantization of Images. IEEE Transactions
on Signal Processing, v. 39, n. 12, p. 2677-2690, 1991.

Otsu, N. A Threshold Selection Method from Gray-Level Histograms. IEEE
Transactions on Systems, Man, and Cybernetics, v. SMC-9, n. 1, p. 62-66, 1979.

Paciornik, S. Microscopia Quantitativa. MET 2433. Notas de aula. DCMM/PUC-
Rio. Disponivel em: <http://www.demm.puc-tio.br/cursos/micquant/>. Acesso
em: 16 ago. 2007.

Paciornik, S.; Mauricio, M. H. P. Digital Imaging. In: Vander-Voort, G. F. (Ed.).
ASM Handbook, Volume 9: Metallography and Microstructures. Materials Park
(OH, USA): ASM International, 2004. p. 368-402.

Paciornik, S.; Moraes-Junior, J. M. Microscopia Digital Co-Localizada Aplicada a
Caracterizacio de Ferro Fundido. In: Anais do 60° Congresso da Associagio


DBD
PUC-Rio - Certificação Digital Nº 0312496/CA


PUC-RIo - Certificagdo Digital N° 0312496/CA

101

Brasileira de Metalurgia e Materiais, v. 1, p. 2475-2484. 60° Congresso da
Associagao Brasileira de Metalurgia e Materiais, Belo Horizonte, 2005.

Paciornik, S.; Reis, C. M.; Mauricio, M. H. P.; Vianna, G. A. D. Analysis of the Effect
of Acid Etching on Human Dentin through Co-Site Optical Microscopy and Image
Analysis. In: XX Congresso da Sociedade Brasileira de Microscopia e
Microanalise, Aguas de Lindéia, 2005.

Petruk, W. The capabilities of the microprobe Kontron image analysis system:
application to mineral benefication. Scanning Microscroscopy, v. 2, n. 3, p. 1247-
1256, 1988.

Petruk, W. Imaging of minerals, ores and related products to determine mineral
characteristics. Minerals and Metallurgical Processing, v. 19, n. 1, p. 50-56, 2002.

Piller, H. Colour Measurements in Ore-Microscopy. Mineralium Deposita, v. 1, n.
3, p. 175-192, 1966.

Pirard, E. Multispectral imaging of ore minerals in optical microscopy.
Mineralogical Magazine, v. 68, n. 2, p. 323-333, 2004.

Pirard, E.; Bertholet, V. Segmentation of multispectral images in optical
metallography. Revue de Métallurgie — CIT / Sciences et Génie des Matériaux,
v. 97, n. 2, p. 219-227, 2000.

Pirard, E.; Lebichot, S. Image Analysis of Iron Oxides Under the Optical
Microscope. In Applied Mineralogy: Developments in Science and Technology,
v. 1, p. 153-156. International Congress on Applied Mineralogy ICAM 2004), Aguas
de Lindéia, 2004.

Pirard, E.; Lebrun, V.; Nivart, J.-F. Optimal Acquisition of Video Images in
Reflected Light Microscopy. Microscopy and Analysis, v. 37, p. 19-21, 1999.

Pun, T. Entropic thresholding, a new approach. Computer Graphics and Image
Processing v. 16, n. 3, p. 210-239, 1981.

Raudys, S. J.; Jain A. K. Small Sample Size Effects in Statistical Pattern Recognition:
Recommendations for Practitioners. IEEE Transactions on Pattern Analysis and
Machine Intelligence, v. 13, n. 3, p. 252-264, 1991.

Reimer, L. Scanning Electron Microscopy: Physics of Image Formation and
Microanalysis. 2. ed. Berlin (Germany): Springer-Verlag, 1998.

Reis, C. M. Aplicagdo da Microscopia Digital na Quantificagio do Efeito de
Quelantes em Dentina. Rio de Janeiro, 2006. 145 p. Dissertagio de Mestrado —
Departamento de Ciéncia dos Materiais e Metalurgia, Pontificia Universidade
Catolica do Rio de Janeiro.

Russ, J. C. The Image Processing Handbook. 3. ed. Boca Raton (FL, USA): CRC
Press, 1998.

Russ, J. C. Computer-Assisted Microscopy: The Measurement and Analysis of
Images. New York (NY, USA): Plenum Publishing Corporation, 1990.

Santos, L. D.; Brandao, P. R. G. LM, SEM and EDS Study of Microstructure of
Brazilian Iron Ores. Microscopy and Analysis, v. 19, n. 1, p. 17-19, 2005.

Schowengerdt, R. A.. Techniques for Image Processing and Classification in
Remote Sensing. Orlando (FL, USA): Academic Press, 1983.


DBD
PUC-Rio - Certificação Digital Nº 0312496/CA


PUC-RIo - Certificagdo Digital N° 0312496/CA

102

Serra, J. Image Analysis and Mathematical Morphology. London (UK):
Academic Press, 1982.

Serra, J. Image Analysis and Mathematical Morphology: Volume 2. London
(UK): Academic Press, 1988.

Sharma, G.; Trussell, H. J. Digital Color Imaging. IEEE Transactions on Image
Processing, v. 6, n. 7, p. 901-932, 1997.

Soft Imaging System (20006). SIS Scandium [software].

Soto, O. A. J.; Gomes, O. F. M.; Pino, G. A. H.; Paciornik, S. Native Copper
Analysis through Digital Microscopy. In Applied Mineralogy: Developments in

Science and Technology, v. 2, p. 1043-1046. International Congress on Applied
Mineralogy ICAM 2004), Aguas de Lindéia, 2004.

Sugiyama, M. Dimensionality Reduction of Multimodal Labeled Data by Local Fisher
Discriminant Analysis. Journal of Machine Learning Research, v. 8, p. 1027-10061,
2007.

Sun, Y.; Duthaler, S.; Nelson, B. J. Autofocusing in Computer Microscopy: Selecting
the Optimal Focus Algorithm. Microscopy Research and Technique, v. 65, p.139-
149, 2004.

Sutherland, D.; Gottlieb, P. Application of automated quantitative mineralogy in
mineral processing. Minerals Engineering, v. 4, p. 753-762, 1991.

Szeliski, R. Image alignment and stitching: A tutorial. Technical Report MSR-
TR-2004-92, Microsoft Research, dezembro de 2004.

Takahashi, H.; Okumura, T. A Novel Mapping Technique of Oxide Chemical States
by Electron Probe Microanalysis. Journal of Electron Microscopy, v. 45, p. 518-
521, 1996.

Tenenbaum, J. M. Accomodation in Computer Vision. 469 p. Tese de Doutorado
— Dept. of Computer Science, Stanford University, 1970.

Theodoridis, S.; Koutroumbas, K. Pattern Recognition. 2 ed. Academic Press,
2003.

Toussaint, G. T. Bibliography on Estimation of Misclassification. IEEE
Transactions on Information Theory, v. 20, p. 472-479, 1974.

Tovey, N. K. and Krinsley, D. H. Mineralogical mapping of scanning electron
micrographs. Sedimentary Geology, v. 75, p. 109-123, 1991.

Valdecasas, A. G.; Marshall, D.; Becerra, J. M.; Terrero, J. J. On the extended depth
of focus algorithms for bright field microscopy. Micron, v. 32, p. 559-569, 2001.

van den Elsen, P. A; Pol, E. J. D.; Viergever, M. A. Medical Image Matching — A
Review with Classification. IEEE Engineering in Medicine and Biology, v. 12, n.
1, p. 26-39, 1993.

Vandenbroucke, N.; Macaire, L.; Postaire, ]J.-G. Color image segmentation by pixel
classification in an adapted hybrid color space. Application to soccer image analysis.
Computer Vision and Image Understanding, v. 90, p. 190-216, 2003.

Vander-Voort, G. F. (Ed.). ASM Handbook, Volume 9: Metallography and
Microstructures. Materials Park (OH, USA): ASM International, 2004.


DBD
PUC-Rio - Certificação Digital Nº 0312496/CA


PUC-Rio - Certificacé@o Digital N° 0312496/CA

103

Vieira, C. B.; Rosiere, C. A.; Pena, E. Q.; Seshadri, V.; Assis, P. S. Avaliacao técnica
de minérios de ferro para sinterizagdo nas siderurgicas e mineragoes brasileiras: uma
analise critica. Rem: Revista Escola de Minas, v. 56, n. 2, p. 97-102, 2003.

Vieira, P. R. M.; Paciornik, S. Uncertainty evaluation of metallographic measurements
by image analysis and thermodynamic modeling. Materials Characterization, v. 47,
p. 219-226, 2001.

Watanabe, S. Pattern Recognition: Human and Mechanical. John Wiley & Sons,
1985.

Weeks, A. R., Jr. Fundamentals of Electronic Image Processing. Bellingham
(WA, USA): SPIE Optical Engineering Press, 1996.

Woijnar, L; Kurzydtowski, K. J. Analysis and interpretation. In: ASM International.
Practical Guide to Image Analysis. Materials Park (OH, USA), 2000. p. 145-202.

Zitova, B.; Flusser, J. Image registration methods: a survey. Image and Vision
Computing, v. 21, n. 11, p. 977-1000, 2003.


DBD
PUC-Rio - Certificação Digital Nº 0312496/CA


PUC-Rio - Certificacé@o Digital N° 0312496/CA

104

Apéndice A - Outros Sistemas de Cores

O sistema RGB normalizado (Nrgb) forma um espaco relativamente robusto
em relacdo a variagoes na intensidade da iluminagao, sendo, portanto, especialmente
interessante para aplicacbes de microscopia 6ptica. O sistema Nrgb ¢ definido de

acordo com as seguintes equagoes:

r= L; (A1)
R+G+B
G
S A2
g R+G+B (A2)
b-— B2 (A.3)
R+G+B

Visto que r + ¢ + b = 1, dadas duas componentes (r e g, por exemplo), a
terceira (b) pode ser determinada por uma combinagio linear. Deste modo, basta
utilizar duas das trés.

O sistema HSI é mais intuitivo para nés, humanos. Ele separa a informagao de
cor (H e S) da informagdao de intensidade (I), sendo assim mais adequado a
segmentacao devido a menor correlagio entre as componentes. A componente H
(matiz) denota a cor basica, isto ¢, o comprimento de onda dominante no espectro de
luz visivel. J4 a componente S (saturagdo) representa a pureza desta cor basica, o
quanto de branco esta misturado ao matiz. A transformacao de RGB para HSI ¢
realizada de acordo com a seguinte formulagao:

G-BN3 |
)} ; (A4)

H= arctg[(R G+ (R_B

_min(R,G,B) A5)
— .

_R+G+B
——5——.

. * , . ~
Os sistemas Lab e Luv também separam a informagio de cor da

S=1

| (A.6)

informacdo de intensidade. De fato, " e I se equivalem. Estes sistemas foram
definidos pela CIE (Commission Internationale de I'Eclairage) a partir de seu sistema XYZ,

uma transformacao linear do RGB, segundo as equagdes a seguir:
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X 0,607 0174 0,200\ R
Y |={0,299 0587 0114 | G
Z 0,000 0,066 1116 \ B

oo
D
sif- ]

=13L*(u' —u,);
v*=13L* (V' ~v,);
onde X/X,>0,01;Y/Y, > 0,01; Z/Z, > 0,01;
= 4X/(X + 15Y + 3Z); v’ = 6Y/(X + 15Y + 3Z); ¢

Xo» Yo, Zy, 1y, v, 820 0s valores para o branco.

b
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(A.7)

(A.8)

(A.9)

(A.10)

(A.11)

(A.12)
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