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Outline

<latexit sha1_base64="yhQ29wXAOX8LDHFx7UaXbdwtBnA="></latexit>

• Preprocessing

– Histogram

– Normalization

– Combining Images

– Spatial Averaging

• Matching and Detection

– Correlation

– Matched Filtering

• Feature Extraction

– Contour/Edge Detection

• Segmentation

– Variational Thresholding

– Connected-Component Labeling
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Image Segmentation

<latexit sha1_base64="AzLLXeym6wklYIuX2/NMaf1f8xs="></latexit>

• Segmentation: Art or Science?

• Amplitude Thresholding

– Variational Thresholding

– Statistical Thresholding

• Binary Segmentation Techniques
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What is Segmentation?

<latexit sha1_base64="AApxqI1tRfFh6iOYeJH/YRPSmio="></latexit>

• Definition
<latexit sha1_base64="k1L0LqHiWP0laZMc9x6yE7RhW7k="></latexit>

Image f [k], with k → !
<latexit sha1_base64="mhmI0tftpBXtU8nq54ql984YTwg="></latexit>

Image segmentation: Find a partition of the support ! of the image f , with

<latexit sha1_base64="mkuBwAbp7gtSx37TcmY+f085Clk="></latexit>

! =
⋃

i

!i with !i → !j = ⊋ for i ↑= j

<latexit sha1_base64="h3NJ62djiApVlJk2lHUP93A4EvI="></latexit>

such that the regions !i satisfy some
homogeneity (and connectivity) criterion.

<latexit sha1_base64="HJmRVA8e2SK21wYcZDHjRWUgg78="></latexit>

The total number of regions is not necessarily known

<latexit sha1_base64="4N+ZCwlzlmhijam842iVAerw2Sc="></latexit>

• Three main approaches (not based on deep learning)
<latexit sha1_base64="7HgDgaiOkgBUyLTFOhr9xAl4rPY="></latexit>

– Pixel classification

– Region-based segmentation

– Boundary-based segmentation → Edge detection
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<latexit sha1_base64="OMofjFIWoC87WibNljGLv89YpaI=">AAACOnicdZA9TxtBEIb3CEmI8+UkZZoVVpRU1h0gg2gCSoqUIDAg+Sxrbm/WrNiP0+4ckXXyT8ivoSU/JG26KG1KCtbGSBAlUz1635mdnbeotAqUpj+SpQfLDx89XnnSevrs+YuX7Vevj4KrvcC+cNr5kwICamWxT4o0nlQewRQaj4uzTzP/+Bx9UM4e0qTCoYGxVVIJoCiN2u/zQgb0CgM/wLFBS3Njm+964s7zA6HQCvw4an fSbjovnnbXtzbWs40IvXQzIs8WVoctam/UvspLJ+rZi0JDCIMsrWjYgCclNE5beR2wAnEGYxxEtGAwDJv5QVP+Lioll3G/dJb4XL070YAJYWKK2GmATsPf3kz8lzeoSW4NG2WrmuJZN4tkrTk5PkuHl8qjID2JAMKr+FcuTsGDoJhhK/do8atwxoAtm1yCUXpSooRa07TJg7zlVozrNhP+fzha62a9bm9/rbPzeRHcCnvLVtkHlrFNtsO+sD3WZ4J9Yxfskn1PLpOfya/k903rUrKYecPuVfLnGkctrvY=</latexit>

Segmentation: Art or Science?

<latexit sha1_base64="IlxolrKEoZ2UcLvcnUsehAaLe0Q="></latexit>

Problem: lack of a universal definition of homogeneity
<latexit sha1_base64="BiQWf5u3HJNPIhrDNiUyjnnm+EQ="></latexit>

→ many application-specific approaches

<latexit sha1_base64="9JXyGh5PF9LeZfI62qcEerIQX50="></latexit>

• Approaches for specifying homogeneity
<latexit sha1_base64="qh/eXaXYCWrUFxbCyDp8wlocG8E="></latexit>

– Empirical (e.g., similar graylevels; feature maps)

– Statistical, based on some a priori model
(e.g., constant mean + additive white noise)

<latexit sha1_base64="eKWxywurptsiydWbt6XpOgb9lPc="></latexit>

• Approaches for enforcing connectivity (if required)
<latexit sha1_base64="8sJOWr+ox3QtmbArv1qmUaMkGWA="></latexit>

– Prior information about object size or shape

– Joint probability model for class labels

– Contour length
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<latexit sha1_base64="NJu0dpnPRCV2UcCCv3cBVExb/ZU=">AAACRHicdZDLShxBFIarTTQ63ibJ0k2RQXA1dKuMLoVkkV0m6KgwPQynq0+PhXVpqk5HxmaeI0+TrXmGvEN2IbsQrLkIJuiBgo//P+dU1Z+VSnqK4x/R0ouXyyuvVtca6xubW9vN12/Ova2cwJ6wyrrLDDwqabBHkhRelg5BZwovsuv3U//iCzovrTmjcYkDDSMjCymAgjRsJmlWeHQSPT/FkUZDM4OD52D4p5Kklrdzqets2K qHzVbcjmfF4/bB8eFBchigEx8F5MnCarFFdYfNP2luRTXdLRR430/ikgY1OJJC4aSRVh5LENcwwn5AAxr9oJ59bcJ3g5LzwrpwDPGZ+niiBu39WGehUwNd+f+9qfiU16+oOB7U0pQVoRHzi4pKcbJ8mhPPpUNBahwAhJPhrVxcgQNBIc1G6tDgjbBag8nrtAAt1TjHAipFkzr1xQM3QlwPmfDn4Xy/nXTanc/7rZMPi+BW2Q57x/ZYwo7YCfvIuqzHBPvKvrE79j26i35Gv6Lf89alaDHzlv1T0d97wGCzug==</latexit>

Segmentation as an Optimization Problem

<latexit sha1_base64="tOipVSyQwUal1KjL6plKhZV9izE="></latexit>

Variational vs. Statistical Approaches

<latexit sha1_base64="VFrt7TdWulH1yNlKFurTeB/4b9c=">AAAEknicbVNLbtswEJVTt03VX9J2UaAb1kGALtyAsmPns0ri/BY24AZxEiA2Aooa2YQpSiWpJqqgG/SCvUQXPUFpWwZspSMMMJh5b/TI4bgRZ0pj/Lu08qT89Nnz1Rf2y1ev37xdW393pcJYUujRkIfyxiUKOBPQ00xzuIkkkMDlcO2OW5P69Q+QioXiUicRDAIyFMxnlGiTulv71ZVMUBZx2Ecd8sAC9hOQHgH6HhPOdIJCHx </latexit>

Principle: Maximize the quality of any candidate segmentation, as
measured by a functional that incorporates all problem-specific knowledge

<latexit sha1_base64="ejM8ufqPQ64gk0tW2tWPyJzJj2U="></latexit>

Criterion = data-fidelity + regularization

<latexit sha1_base64="7v/pwomrp5p8N6xG4vYbagxyqQY="></latexit>

homogeneity
<latexit sha1_base64="HbH5CF6PSUkHYclVFTAU9AfIdeY="></latexit>

connectivity
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<latexit sha1_base64="tV6VcMmseQr9+o9BhcyvrFlyqVI=">AAACM3icdZBNSxxBEIZ7NIm6+XCNRy9NlkBOy4wuq0clOeSo4Kqwsyw1PTW7jf0xdNcoy7BXf41X818kN/HqP/Bg77qCCUlBw8P7VlHVb1Yq6SmOb6Ol5Tdv362srjXef/j4ab258fnE28oJ7AmrrDvLwKOSBnskSeFZ6RB0pvA0O/8+808v0HlpzTFNShxoGBlZSAEUpGGTp1nh0Un0/ECHhVTlyI/HDv3Yqlya0bDZitvxvH jc3tnr7CSdAN14NyBPFlaLLepw2HxMcysqjYaEAu/7SVzSoAZHUiicNtLKYwniHEbYD2hAox/U859M+deg5LywLjxDfK6+nqhBez/RWejUQGP/tzcT/+X1Kyr2BrU0ZUVoxPOiolKcLJ/FwnPpUJCaBADhZLiVizE4EBTCa6QODV4KqzWYvE4L0FJNciygUjStU1+8cCPE9ZIJ/z+cbLeTbrt7tN3a/7EIbpVtsS/sG0vYLttnP9kh6zHBrtg1u2G/opvod3QX3T+3LkWLmU32R0UPT82DrNc=</latexit>

Amplitude Thresholding

<latexit sha1_base64="Zw6mJ0zMQjGrFEtqwdXu5AmbRbM="></latexit>

• Empirical approach

<latexit sha1_base64="fetzwdq0SsjJY0fSbx7SNU5DrxU="></latexit>

T1

<latexit sha1_base64="yCMyLuJb+paUzcS621JBV4sa9Vw="></latexit>

Based on the histogram, select a collection of thresholds

<latexit sha1_base64="g1UXjWcYCsPUGkdxzyw6TVOtbxw="></latexit>

T1 < · · · < Ti < · · · < TI

<latexit sha1_base64="6pPEvlyxWP1ZmUF4dyBKocUW/yQ="></latexit>

and use the following rule to assign regions:

<latexit sha1_base64="84Y1RgRoVzXJh/9j11CPMO4YTPc="></latexit>

k → !i for Ti ↑ f [k] ↑ Ti+1
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<latexit sha1_base64="2PBSHN32Ef6yQoVAFMvuohz6qgQ=">AAACNXicdZDNahsxFIU1bpqkTpu47bIbYRPoyszExsnS0Cy6TMF2DB5j7mju2CL6GSRNghm879N067xKF9mFbPMCWUT+CbSlOSD4OOdeJJ0kF9y6MPwdVN7svN3d239XPXj/4fCo9vHTwOrCMOwzLbQZJmBRcIV9x53AYW4QZCLwMrn6tsovr9FYrlXPzXMcS5gqnnEGzluTWj1OMouGo6UDMHztgqC9mUE70yLlajqpNcJmuB YNm62zditqe+iEpx5ptI0aZKuLSe0pTjUrJCrHBFg7isLcjUswjjOBi2pcWMyBXcEURx4VSLTjcv2XBT32TkozbfxRjq7dPzdKkNbOZeInJbiZ/Tdbmf/LRoXLzsYlV3nhULHNRVkhqNN0VQxNuUHmxNwDMMP9WymbgQHmfH3V2KDCG6alBJWWcQaSi3mKGRTCLcrYZi9c9XW9dEJfh8FJM+o0Oz9OGt3zbXH75Aupk68kIqekS76TC9InjPwkv8iS3AbL4C64Dx42o5Vgu/OZ/KXg8RmYja3A</latexit>

Variational Thresholding

<latexit sha1_base64="/2zTeulghuD2zS93xTY8i9qDy+U="></latexit>

Principle: Minimize an appropriate goodness-of-fit criterion

<latexit sha1_base64="MrYD3TbZETVx9QmQcQC3ZvdaXvM="></latexit>

• Variational formulation
<latexit sha1_base64="YmwuOAbkTeba6ZOizGF5q57e5BM="></latexit>

Constant-mean model: f [k] = µi, k → !i

<latexit sha1_base64="1IiysnbsMyZK+5snw0fFKRXC6yE="></latexit>

Find µi and !i such that
∑

i

∑

k→!i

(f [k]→ µi)
2 is minimum

<latexit sha1_base64="e953t417N5XBx9BrYTuIENR7arE="></latexit>

→ same problem as Llody–Max quantization (K-means)

<latexit sha1_base64="wWgTSO25tIFORx+Mu55vbsXV8iM="></latexit>

Simple iterative two-step optimization scheme

1. Given !i, compute region means µi

2. Given µi, compute optimal partitions !1, . . . ,!I

→ Ti+1 = 1
2 (µi + µi+1)

<latexit sha1_base64="0bWttTmXvz3tgurZXuY7RJfYXBk="></latexit>

Note: all computations can be done from the histogram
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<latexit sha1_base64="OecgvM/gQ6YKMWO+LTBnR8Wo9XQ="></latexit>

Search for the “optimal” threshold values to segment images

<latexit sha1_base64="72a8XTPyw7jAp7U/FZCHvl5SAho="></latexit>

K = 2
<latexit sha1_base64="Mx9MtQjwL93prSSRx9mCuyI5dVA="></latexit>

K = 4

<latexit sha1_base64="qA463FyUypAXKY+wuJJHJWewmsY="></latexit>

Minimum mean squared
error solutions:

<latexit sha1_base64="IeDidIGwT27MRz6HTLI5YtmfyHw=">AAACR3icdVDLThRBFK0eUWF8MOKSTYWJiRsn3TAZWJKIiRsSiA6QTE/I7epbQ4V6dOqhaTvzI36NW/wDv4IdYeHCmqFJ1OhZnZxzT91bp6ikcD5NfySdBysPHz1eXes+efrs+XrvxcaJM8EyHDMjjT0rwKEUGsdeeIlnlUVQhcTT4vLtwj/9hNYJoz/6usKpgpkWXDDwUTrvDfOCO7QCHf2AM4XaLw1a1PRQaKGCevPOWmPpcQ DtxZc21k8H6RI0HezsDXeyYSSjdDdSmrVWn7Q4Ou/9zEvDwuJ5JsG5SZZWftqA9YJJnHfz4LACdgkznESqQaGbNsvfzemrqJSUxxu40Z4u1d8TDSjnalXESQX+wv3tLcR/eZPg+d60EboKHjW7W8SDpN7QRVW0FBaZl3UkwKyIt1J2ARaYj4V2c4saPzOjFOiyyTkoIesSOQTp503u+D3vxrruO6H/Jyfbg2w0GB1v9/cP2uJWySbZIq9JRnbJPnlPjsiYMPKVfCNX5HtylVwnN8nt3WgnaTMvyR/oJL8Ar7y0Mw==</latexit>

Segmentation by Minimum-Error Quantization
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<latexit sha1_base64="ua2IpEHobel6PUseJlbj03d5I18=">AAACNXicdZA9axtBEIb3nC9F+bCSlGkWiUAqcWcb2aXBKVwqxJIMOiHm9uakRftx7M7FiEN9fk1a+6+4cBfS+g+4yEqWIQnJwMLD+87M7r5ZqaSnOL6Odh49fvL0WeN588XLV693W2/eDr2tnMCBsMq68ww8KmlwQJIUnpcOQWcKR9niZO2PvqLz0pozWpY40TAzspACKEjTVjvNCo9OoudfKGiegqX42dyhn1uVSzObtjpxN9 4Uj7v7Rwf7yUGAXnwYkCdbq8O21Z+27tLcikqjIaHA+3ESlzSpwYXdClfNtPJYgljADMcBDWj0k3rzlxX/EJScF9aFY4hv1N8natDeL3UWOjXQ3P/trcV/eeOKiqNJLU1ZERpxf1FRKU6Wr4PhuXQoSC0DgHAyvJWLOTgQFOJrpg4NXgirNZi8TgvQUi1zLKBStKpTXzxwM8T1kAn/Pwz3ukmv2/u81zn+tA2uwd6zNvvIEnbIjtkp67MBE+wb+84u2VV0Gd1EP6Kf96070XbmHfujottfrBetyw==</latexit>

Statistical Thresholding

<latexit sha1_base64="RsmKYLJGakahBKnKbMM5MbmEDC8="></latexit>

Principle: Find the most “likely” segmentation model

<latexit sha1_base64="usMrYTAA3xIxsjlpucShqW0djbY="></latexit>

• Statistical formulation
<latexit sha1_base64="VTmr/UncYyv+ybao+6eMmmyEgbA="></latexit>

For every pixel k, we have the label ω[k] = i → k ↑ !i
<latexit sha1_base64="GRiGjyQHgHblxueagigBPQ3SqBI="></latexit>

f [k], k → !: pixel graylevels

<latexit sha1_base64="xXhbtlw/eTOVcV9SbzE7KKLLDiE="></latexit>

Typical assumption:
Conditional density of a pixel graylevel given a segment label is Gaussian

<latexit sha1_base64="qnPAZBNMcha9P85yP8BUBjOmqsI="></latexit>

p(f [k] | ω[k] = i) =
1→
2εϑ2

exp

(
↑ (f [k]↑ µi)2

2ϑ2

)

<latexit sha1_base64="qhyRUXHPecjORf5tOsYhtEXjejU="></latexit>

Parameters: ω > 0, µ1, . . . , µK → R

<latexit sha1_base64="xs9+5XFxPhm3/9+n7V8aCV3zDUw=">AAAEUHicbZPfb9MwEMe9dcAIvzZ45MXqNImHarLTptvexn4LbVKZ1nXSWk1OcmmtOk4UO4wqyv/E38IDEk/wF/DMG7hthpoMRyef7j7fy/ksu7HgShPyfWm5tvLo8ZPVp9az5y9evlpbf32lojTxoOtFIkquXaZAcAldzbWA6zgBFroCeu74YJrvfYJE8Uhe6kkMg5ANJQ+4x7QJ3a596EofEqxHXGGlTVBpkxM4jHwQDXwH+I </latexit>

Under this statistical model, we want to find the most likely segmentation

<latexit sha1_base64="FOisI2AdpJwcuImUgI/y6GL4gf4="></latexit>

for all k → !
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<latexit sha1_base64="jHN8KkrNpdCaQN8YCxuCj2eklzs=">AAACPnicdZDPShxBEMZ71BiziWY1x1walxCDsMyorB4Fc8jRoKvCzrLU9NTsNvafobsmYRn2IXwar/oYvoA3yTWHHNK7rhBDUtDw4/uqqOovK5X0FMd30cLi0ovllyuvGq/frK69ba5vnHlbOYFdYZV1Fxl4VNJglyQpvCgdgs4UnmeXR1P//Bs6L605pXGJfQ1DIwspgII0aG6nWeHRSfT8hILmKViKn44c+pFVuTRDviWsoY /5p0GzFbfjWfG4vXuwt5vsBejE+wF5MrdabF7Hg+avNLei0mhIKPC+l8Ql9WtwYYnCSSOtPJYgLmGIvYAGNPp+PfvUhH8ISs4L68IzxGfqnxM1aO/HOgudGmjk//am4r+8XkXFQb+WpqwIjXhcVFSKk+XThHguHQpS4wAgnAy3cjECB4JCjo3UocHvwmoNJq/TArRU4xwLqBRN6tQXT9wIcT1lwv8PZzvtpNPufN1pHX6eB7fC3rNNtsUSts8O2Rd2zLpMsCt2zW7YbXQT3UcP0Y/H1oVoPvOOPavo528EAbDV</latexit>

Statistical Thresholding (cont’d)

<latexit sha1_base64="8vj+iTFlbyayr9FYUQm80QlFoBE="></latexit>

Assume: each pixel graylevel is independent of all the others
<latexit sha1_base64="a06vXEA0Kt/qKG7/G3+jKlJgyQM="></latexit>

f [k1] is independent of f [k2] when k1 →= k2
<latexit sha1_base64="kg7kpVfFrKoBs8GhjxZCpkx5ao8="></latexit>

Collect: All pixel graylevels into one random vector F = {f [k]}k→!

<latexit sha1_base64="bBSpujVDTFrt9mc4ALL10p8C65Y="></latexit>

Exercise: What is the density of F given {ω[k]}k→!?
<latexit sha1_base64="yJyEigd4uddAM840Q6dC8QdD8YI="></latexit>

p(F | {ω[k]}k→!) →
∏

k→!

exp

(
↑
(f [k]↑ µω[k])

2

2ε2

)

<latexit sha1_base64="m0y4/CagXouUGXTT7UBRhRUVr04="></latexit>

Goal: Find parameters ω[k] and µ1, . . . , µK

to maximize the “likelihood” of F
<latexit sha1_base64="rJpU2c0Ly9K1/gnDyZgijYZNs4s="></latexit>

Find µi and ω[k] such that
∑

i

∑

k→!i

(f [k]→ µi)
2 is minimum

<latexit sha1_base64="I1AyBZK23mKEJtaihWgtSMyPuGc="></latexit>

Equivalent to Lloyd–Max quantization!
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<latexit sha1_base64="ikN3Dr/mZExM2xaGOdRnEVvrJz0=">AAACO3icdZBBT9swFMcdYIx1GxR23MVaNYnLqgRQ4YgGB46gtVCpqaoX56W1ajvBdoaiqF9hn4YrfA/Ou027cuOAmwYJ0PYkSz/9/+892/8oE9xY37/zlpZX3qy+XXvXeP/h4/pGc3Pr3KS5ZthjqUh1PwKDgivsWW4F9jONICOBF9H0aO5f/ERteKq6tshwKGGseMIZWCeNmtthlBjUHA39zhXo4tsPHEtUtvJpF9lE8cscza jZ8tt+VdRv7x7s7QZ7Djr+vkMa1FaL1HU6aj6Eccry+S4mwJhB4Gd2WIK2nAmcNcLcYAZsCmMcOFQg0QzL6kcz+tUpMU1S7Y6ytFKfT5QgjSlk5Dol2Il57c3Ff3mD3CYHw5KrLLeo2OKiJBfUpnQeD425RmZF4QCY5u6tlE1AA7MuxEaoUeEVS6UEFZdhApKLIsYEcmFnZWiSJ264uJ4yof+H85120Gl3znZah8d1cGvkM/lCtklA9skhOSGnpEcY+UWuyQ259W68394f7++idcmrZz6RF+XdPwJ9zrAw</latexit>

Binary-Segmentation Techniques

<latexit sha1_base64="Z5rycmJeitxAt+b4s1ycewuD4sY=">AAAEQ3icbVNdb9MwFPVWPkb52uCRF6vbpCFVk50u3YaENPb9sIky1nWiKZPjOK1Z4kS2A1RRfg2/hQde4YnfgMQD4hUJt81Qk3EjS0fnnnNzr63rxgFXGqHvM7OVGzdv3Z67U7177/6Dh/MLj85UlEjK2jQKInnuEsUCLlhbcx2w81gyEroB67iXO6N85z2TikfiVA9j1gtJX3CfU6INdTH//KX7jlGtYCShZH3DqWfwNRsRPo </latexit>

Objects or regions: Sets of points in Z2
(bitmap)

<latexit sha1_base64="I5r0gVt0QxXo1SESpwf41WZB0WM=">AAAEfnicbVNNT9tAEHVo2tK0UGiPvawCVD2kdNfBIdwo3weQUkQIapxG6/UkWbFeR/a6kFr7Q3vpT+hv6CY2KDFda+SnmffGM55Zbyx4rDD+XVp6Vn7+4uXyq8rrNyurb9fW313HYRIxaLNQhNGNR2MQXEJbcSXgZhwBDTwBHe/2cBrv/IQo5qG8UpMx9AI6lHzAGVXG1V+7dz0YcplyBQH/BbqCkDvFXVfBvZrlTw9EAjqdOb </latexit>

• Distances between a, b → Z2

<latexit sha1_base64="J3zVXmGyiomjniBqTk00WHoQF/Y="></latexit>

– City-block distance: D4(a, b) = |a1 → b1|+ |a2 → b2|
<latexit sha1_base64="8D3MT58A3Mtm8jiA+ClU1IebvXE="></latexit>

– Chessboard distance: D8(a, b) = max{|a1 → b1|, |a2 → b2|}

<latexit sha1_base64="bpUZh80NfQiz7POOKZQY1Txjru0="></latexit>

ω1-distance: →a↑ b→1
<latexit sha1_base64="tLAvY/aJnOjRaZT4Lj0FQxGOrg8="></latexit>

ω→-distance: →a↑ b→→
<latexit sha1_base64="KTQE7pHljJ8tV/zAjGY9S0AaKqE=">AAAEV3icbVNNT9tAEF0gpdT9ANpjL6sgpB4itJvgADdK+DqAFBAhSHGE1vY4WbFeW/aaklr+Xf0tHHptb/0L7SY2KDZda6SnmffGzzNeOxQ8VoQ8Liwu1V4tv155Y7x99/7D6tr6x+s4SCIHek4ggujGZjEILqGnuBJwE0bAfFtA377rTOv9e4hiHsgrNQlh6LOR5B53mNKp27ULy4YRlylX4PPvkBkYW1M8sBQ8qFn/9EAkkK </latexit>

• Connectivity
<latexit sha1_base64="QTeEf0jjj3BtIaE8xkDaW7oV+ZQ="></latexit>

– 4-connected neighborhood
<latexit sha1_base64="1KPUsZqRszDc+LHy8DU3uiFIFho="></latexit>

N4(a) = {b → Z2 : D4(a, b) ↑ 1}

<latexit sha1_base64="fWWN76nxkW0+iHk9Ddwbg2UxfZk="></latexit>

– 8-connected neighborhood
<latexit sha1_base64="yHFMs0mizfzCqHa2qJXAC4A6klk="></latexit>

N8(a) = {b → Z2 : D8(a, b) ↑ 1}

<latexit sha1_base64="1HBGGSOjJQ+MkTw3NRiNTiy8TBo="></latexit>

Z3 → 6-connected, 18-connected, or 26-connected neighborhoods
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<latexit sha1_base64="iR7WI/5o2PNdc1kVFyahfJx4Xm0=">AAACRHicdZDPThRBEMZ7UBFXwVWPXjpuiHBgMwNk4UiUg0eMLJDsbDY1PTW7HfrP2F2jmUz2OXwar/gMvAM34s0Ye5clUSKVdPLl+1VVd39ZqaSnOL6Mlh48fLT8eOVJ6+mz1bXn7RcvT7ytnMC+sMq6sww8KmmwT5IUnpUOQWcKT7Pz9zN++gWdl9YcU13iUMPYyEIKoGCN2kmaFR6dRM/fSQOu3vqEY42G5pwfo5gY+bkKeE NYQ2/zzVG7E3fjefG4u7O/u5PsBtGL94LkyQJ12KKORu1faW5FNVsqFHg/SOKShg04kkLhtJVWHksQ5zDGQZAGNPphM//alK8HJ+eFdeEY4nP374kGtPe1zkKnBpr4u2xm/o8NKir2h400ZUVoxM1FRaU4WT7LiefSoSBVBwHCyfBWLibgQFBIs5U6NPhVWK3B5E1agJaqzrGAStG0SX1xq1shrttM+P3iZLub9Lq9j9udg8NFcCvsNXvDNljC9tgB+8COWJ8J9o19ZxfsR3QRXUXX0c+b1qVoMfOK/VPR7z/phrM6</latexit>

Binary-Segmentation Techniques (cont’d)

<latexit sha1_base64="Z5rycmJeitxAt+b4s1ycewuD4sY=">AAAEQ3icbVNdb9MwFPVWPkb52uCRF6vbpCFVk50u3YaENPb9sIky1nWiKZPjOK1Z4kS2A1RRfg2/hQde4YnfgMQD4hUJt81Qk3EjS0fnnnNzr63rxgFXGqHvM7OVGzdv3Z67U7177/6Dh/MLj85UlEjK2jQKInnuEsUCLlhbcx2w81gyEroB67iXO6N85z2TikfiVA9j1gtJX3CfU6INdTH//KX7jlGtYCShZH3DqWfwNRsRPo </latexit>

Objects or regions: Sets of points in Z2
(bitmap)

<latexit sha1_base64="jRnJzh8ryFe9bvVr1EsoDIspiGQ=">AAAET3icbVNdT9swFDWUbZB9wfa4F6sIaQ8VsltS4I3xPQmkDlE6qamQ49y0Fo4TJc5GF+U37bfsYQ972f7BXvc2zW0DasIcXeno3nOuT65tN5Ii0YT8WFisLT16/GR5xXr67PmLl6trr66SMI05dHkow/ijyxKQQkFXCy3hYxQDC1wJPffmYFLvfYI4EaG61OMIBgEbKuELzrRJXa++d1wYCpUJDYH4ArmFsTPBfUfDrZ72z/ </latexit>

• Path
<latexit sha1_base64="myNttiXe5Lwxh7Z0c4R/mO4kXDo="></latexit>

– List {ai : i = 1, . . . ,M} of M connected pixels such that ai → N(ai→1)

<latexit sha1_base64="FVmjTxloJPnxtAPEAAybjLMWscs=">AAAEX3icbVNNT9tAEF0gLTRtaWhPVS+rIKQeIrTr4AA3Svg6gJSihlDFEVrb42TFem3Z65bU8m/r7+ixh17pX+gmNig2XWukp5n3nsczXjsUPFaE/FpaXqk9e7669qL+8tXr9TeNjbdXcZBEDvSdQATRtc1iEFxCX3El4DqMgPm2gIF9253VB98ginkgv6hpCCOfjSX3uMOUTt00vlo2jLlMuQKf/4CsjrE1w0NLwZ2a+6eHIo </latexit>

• Connected components
<latexit sha1_base64="DEDY2HQcV8eDYOoSWYbkjVQ6Noc="></latexit>

– Maximal set of connected pixels
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<latexit sha1_base64="Xz4F966R7kSOr/UAVhCkVqw75kE=">AAACOXicdVA9TxtBEN0DkjjOl0PKNCusRDSx7gDZLi05BQUFSDEg+U7W3N6cWbEfp9090Onkf5BfQwt/JCVdREtLwdoYKSAy0kpP7828mX1pIbh1YfgnWFlde/X6TeNt8937Dx8/tT6vH1pdGoYjpoU2xylYFFzhyHEn8LgwCDIVeJSeDuf60Rkay7X65aoCEwlTxXPOwHlq0voep7lFw9HSoVYKmcPsx1DLQitUju5BOreeTl rtsBMuioad7f7OdrTjQTfseUijpdQmy9qftO7iTLNSehMmwNpxFBYuqcE4zgTOmnFpsQB2ClMce6hAok3qxX9m9JtnMppr458/YsH+O1GDtLaSqe+U4E7sc21OvqSNS5f3k5qronSo2MOivBTUaToPh2bc+ARE5QEww/2tlJ2AAZ+K8U4GFZ4zLSWorI5zkFxUGeZQCjerY5s/4qaP6zET+n9wuNWJup3uwVZ78HMZXIN8JRtkk0SkRwZkl+yTEWHkN7kgl+QquAyug7/BzUPrSrCc+UKeVHB7D1kSrxQ=</latexit>

Connected-Component Labeling

<latexit sha1_base64="N5F3TCfuum8fgLbYwm72nmJ4iao="></latexit>

• Connected-component labeling (blob coloring) algorithm

<latexit sha1_base64="w5On8iii47kqTNvgNALk8zMxVBA="></latexit>

F: foreground
B: background

<latexit sha1_base64="oqI1lOf21pyPKVXxnTt4LKAw8Bs="></latexit>

Z2 = F → B; F ↑ B = ⊋
<latexit sha1_base64="FI7o2X1F6sLSvDF1PPTXwq1YvjY="></latexit>

4-connected scanning window
<latexit sha1_base64="aGvt/etpVDOW5wpezPXUNmJYLPY="></latexit>

E: color equivalences
<latexit sha1_base64="opfVMSuQHA5Fah3DtPuxX64y/DM="></latexit>

Initialize E = ⊋ and initial color i = 1
<latexit sha1_base64="TJ1K8hqdEIEwSwehOCEtzcVf6KQ="></latexit>

Scan image from left to right then top to bottom

<latexit sha1_base64="LgFGlrRKar95wW7cQiS1biiLc14="></latexit>

• Post-processing: Resolve color equivalences
<latexit sha1_base64="lL18K4Z3bKXZcDEE/kK1BgccjzY="></latexit>

e.g., E = {(1, 1), (2, 2), (3, 3), (1, 3), (4, 4), (4, 1), (5, 5), (6, 6), (5, 6)}
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<latexit sha1_base64="X/buI5klQCE+zmIxlqP/wA6m9TM=">AAAELnicbVPJbtswEGXiLqm6Je2xF8JBgByMgJQtJwF6SLMfEsAN4jhAbAQURdlEKEogqaaGoF/ot/TQa/sZBXooeu2p31DaVgpL6QgDjN68N5zh4ieCa4PQj4XF2oOHjx4vPXGePnv+4uXyyqsLHaeKsi6NRawufaKZ4JJ1DTeCXSaKkcgXrOff7E3yvQ9MaR7LczNO2CAiQ8lDTomx0PXy+u2IGwa5hj6hN0MVpzJwHF/Ynw </latexit>

white is background
black is foreground

<latexit sha1_base64="uIlPQHkFWqS/Hdwe/10NY3pi2qo=">AAACQnicdVBNSyNBEO1Rd9W4rlGPXhrDghfjjEr0KETBgwcFo0ImhJqemtjYH0N3jxqG/Ax/jVf9Ef4Fb+LVg50YQZfdgobHe1Wvql+SC25dGD4FE5NTP35Oz8xW5n7N/16oLi6dWV0Yhi2mhTYXCVgUXGHLcSfwIjcIMhF4nlw1h/r5NRrLtTp1/Rw7EnqKZ5yB81S3uhEnmUXD0dKmVgqZw3S9qWWuFSpHjyAZWvfowS0axi 12q7WwHo6KhvWt3e2taNuDRrjjIY3GUo2M67hbfYtTzQrp3ZgAa9tRmLtOCcZxJnBQiQuLObAr6GHbQwUSbaccfWxA/3gmpZk2/vlrRuzXiRKktX2Z+E4J7tL+rQ3Jf2ntwmW7nZKrvHCo2MeirBDUaTpMiabc+ChE3wNghvtbKbsEAz4e450MKrxhWkpQaRlnILnop5hBIdygjG32iSs+rs9M6P/B2WY9atQbJ5u1vf1xcDNkhaySNRKRHbJHDskxaRFG7sg9eSCPwUPwHLwErx+tE8F4Zpl8q+DtHdckssY=</latexit>

Connected-Component Labeling Exercise

<latexit sha1_base64="EFy/3KJv4yinQyQhD/YlAMZb58k="></latexit>

How many 4-connected components are there?


