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Industrial Inspection

Fig. 3 Schematic diagram of
marking inspection setup at
Texas Instruments
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Fig. 7 Binarized image Fig. 9 Row sum for separating a row

R. Nagarajan et al. “A real time marking inspection scheme for semiconductor industries®, 2006
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Document analysis / Text Recognition
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Tree Analyzer 3.0 by Yu, Taeprasartsit, Wan, and Higgins 2011
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NI1FEINAINVIIALUUGY (Simple Image Binarization) &

14 Basic Thresholding

® Gray or color image -> binary mask
* Jlviusgvatuwuu winaeUey 9 Ae

B uuSguliisuainnuiel (one-sided comparison)
1, if I(xz,y) > T

Ir(x,y) = 0, otherwise

" uuUSeuNguUAI@esn1U (two-sided comparison)

] > >
_[T(.’L‘,y) _ { ]_, lle = I(ﬂf,y) = Tg

0, otherwise
" LUUENIBNGR (set membership)

(2. y) — { 1, if [(x,y) € A

0, otherwise

Slide credit: Bastian Leibe, Image source: Image Processing Learning Resources,

http://homepages.inf.ed.ac.uk/rbf/HIPR2/images/wdg2.gif
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NIaINANNI13918: Bimodal Intensity Histograms
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Global Binarization [Otsu 1979]

* nAusTalean T Mvily within-class variance (O yithin ) V9IAAIATINEDS
ﬁaﬂLLEJﬂG%EJ Tﬁmﬁaaﬁam (minimize within-class variance)

(T)=n,(T)o; (T)+n,(T)o; (T)

nn‘hm

e

m(T) = [{(x,y) <Tj|;na(T) = {U(z,y) 2 T}

aa A

o ’Jﬁug[,%f}\lamll@uﬂUﬂ’]i maximize the between-class variance ()}Jf,m.(,,m

G[;?nw?en (T) — O- o Jm?‘frhfn (T)

= n,(T)n, (D), (T) — g, (D)}

Nobuyuki Otsu (1979). "A threshold selection method from gray-level histograms".
IEEE Trans. Sys., Man., Cyber. 9 (1): 62—-66. doi:10.1109/TSMC.1979.4310076

Slide credit: Bastian Leibe
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Algorithm for Global Binarization

1. Precompute a cumulative grayvalue histogram h.
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) Ly 1 1 s A < %
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a [ 1 1
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° 2
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Local Binarization [Niblack 1986]
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Shijian Lu and Chew Lim Tan, Binarization of badly illuminated document images

through shading estimation and compensation, ICDAR 2007.
*  191TWNUNUALNULDNEANT

*  PAgTadLNRNININMENENSHNAEE smooth gradient (AMULANANIUBRLRALUUADLTY
Apall) luiuasaeuenaisavasasevselinny

*  yAUsEIANSIALENRI8A19YI1 polynomial smoothing (Savitzky-Golay filter)

300 T T T T T T T 300

2501 mpr — 250 i
eti We show the ROC curve for the [ (1 IH' ’ “ 1 =
} support vectors (bold solid line), two ' ! ‘ S
and 100 reduced sets (both in 150} ' ‘ ‘ il 1 ‘ {1 st S
nRinf thae TON cadecocd o2 ool " I \ ‘
-wi(h the full set of support vectors, 0| 1 1w} £
Iwo element sets of 200 and 576 cle- ‘ S
line). Note that an element set of 576 _8
ILIo & sitigle support vector, Hence, the > ( | w @©
ent to the 10 reduced set in terms =
uses much less memory. i 100 200 B0 70 80 o RO 700 8l :
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Lu and Tan’s Method: Mathematic Viewpoint

® Polynomial Curve / Surface Fitting
— Tulpezunsuniuans is1tdayaiiies scan line WEIWAR LANITIADINVIAONENT

— 9nTsIn fitted polynomial curve 157190911 fitted polynomial surface unu

— Polynomial surface of degree d
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IENIS fit curve AALLS
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*  JUABUNS fit curve / surface HFDL1UNTUNINITIN
Least-squares estimation

*  mualalagn1s minimize sum of least squares error

Ab =v

1z y af myr - yi| | b Uy
1 2o yo 23 xaya -+ Ys| |bo K
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=2 Wil b
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b=(ATA) ATy
* 3ol pseudoinverse (Moore-Penrose inverse) %Qﬁ'ﬁ’mgmmmﬂmiﬁ’l

Singular Value Decomposition (SVD)
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® Adaptive and Advanced Thresholding
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