
.

Contents

Chapter I
Introduction . . . . . . . . . . . . .._...._............................................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

The importance of images . . . . . . . . .._..__..._.................................................................,,,,.,.......,,,,,.........,...........,,,,........,.,,,.,.....  1
Man´s  primary source of information; space probes and computer icons

Why measure images? . . . . . . . . . . . . . . . ..___...........................................................................................................,,,.........,.,,.,.......... 1
To describe structure, not to study human vision or for robotic control

Computer methods: an overview . . . . . . . . . . . . .._...._...................................................................,,..........,...,.........,.......,.,,,.....  3
Mimic human vision if possible; comparison vs. measurement; accuracy vs. precision

Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....................................................  5
Languages; parallel vs. serial architectures; importance of algorithms

Acquisition and processing of images ,,..,,_.._...........,.,....,..,......................,,,,,,,,,,,,,....,...,,,,,,,,,,,,,.......,,.,,..,.,...........,...  8
Image sources: digitization; processing to emphasize or suppress information

Measurements within images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................... 9
Global andfeature measurements; projection and section images; data interpretation

More than two dimensions . . . . . ..___._._.................................................,... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Surfaces (roughness, stereoscopy) and volumes (serial sections, tomography)

Chapter 2
Acquiring Images.. ....................................................................................................... !. ............ ................................... .13

Image sources ............................................................................ .......................... ...................................... .........................13
Control of illumination and viewpoint; surfaces vs. volumes; magnification scale

Multi-spectral images..........................................................................................................................................................16
Visible light; other wavelengths; color coordinates; other modalities (electrons, X-rays)

Image sensors.. ............................................................................. ............................................................................................ 20
Rasterformat; slow and fast scans; video; standard video cameras

Digitization.. ................................................................................................................................................................................ 23
Signal voltages; RS-I 70; analog to digital conversion

Specifications.. ..................................................................... .................................................................................................... 25
Number of bits (grey levels); number of pixels (resolution)

References.. .......................................................... ..................................................................................................................... .3 1

Chapter 3
Image Processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

Point operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Transfer functions and look-up tables; enhanced visibility; resealing;  selective emphasis

Time sequences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
Subtraction: comparison and tracking; discrete  differences; motion flow

Correcting image defects - averaging to reduce noise . ..____...........: _._..__............,.,....,,,,,..,,,...,.....................,.  42
Weighted and true averaging; effect of number offrames: Kalman averaging

Reducing noise in a single image . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........  45
Neighbor smoothing (kernel operations); blurring and distortion; median and rankfilter

Vii .



. . .
WI Contents

Frequency space.. ....................................................................................................................................................................
Transform  methods; periodic noise;  high and low pass filters; periodic structures

48

Color images.. .............................................................. ...............................................
RGB,  YIQ and HIS encoding; processing of  luminance  information

...............................................................56

Shading correction................................................................... .......................................................................
Uneven illumination; variable specimen thickness or orientation; nonuniform detectors

.......................5 7

Fitting backgrounds.. .......................................................................... ..................................................................................
Polynomial fitting; large kernel smoothing: rankfilters to eliminate features

59

Rubber sheeting..
Aligning  images to each other or known   geometry; bicubic  model; pixel interpolation

Image sharpening.. ....... .......... ............

...............

.........

......................................

...

...............................

.............

................................ .............................. 61

Laplacian and similar kernel operations; Fourier space filtering
........................

......................................................................................................

64

Focussing images.. ......................................... ..... ..............................................
Range finders;  high pass filtering (quasi-real-time maximization)

.....................................................................67

References.. .............................................................................................................................................................................. ...6 8

Chapter 4
Segmentation of Edges and Lines.. ........................................................................................................... ..7 1

Defining a feature and its boundary.. ......................................... ........... ...................................................................
Contiguous pixels; region inside a boundary; derivatives as edge locators

. 1

Roberts’ cross edge operator.. ....................................... ...... ..........................................................................................
Local  pixel  comparison; edge detection by magnitude and direction

75

The Sobel and Kirsch operators.. ....................... ....................... ........................ .......... ................................................
Neighborhood  operators; choice of kernels for directional derivatives; edge enhancement

77

Other edge-finding methods.. ......................... ............... ..... ............... ............. ................................................................
Difference or Laplacian of Gaussian; simulation of human vision system

80

0ther segmentation methods.. .. .............. .................... ...................................................................................................
Contour lines: edge following; region growing; split and merge

.89

The Hough transform.. .................................................... ...................... ...................................................
Mapping of lines to points; linear and circular arrangements of points and features

92

Touching features..

................... .......................... ............

...................................................................................................................................
Fitting of lines or arcs: convex or watershed segmentation

95

Manual outlining.. ........... ........ .............. ..... ................. ............................................................................................................
Pointing devices, bias and errors in drawing and filling

96

References........................ ........................................................................................................................................................... 97

Chapter 5
Discrimination and Thresholding.. ............................................................................................................ ..9 9

Brightness thresholds.. .................................... ..... .............. ......... ............. ...........................................................................
Image  brightness  histograms; Adjustment of upper and lower limits; boundary pixels

99

Thresholding after processing.. . ........... ......................... ............... ..... .........................................................................
Alteration of contrast; gradient and rank operations; texture in images

101

Selecting threshold settings.. .......................................
Using the brightness histogram; peaks and valleys

.................................................................................................105

The need for automatic thresholding ......................... .................. ..... ............. ........................................................
Reproducibility; variation in overall illumination; changes in image contents

107

Automatic methods.. ......................... ................................................ ...................... ............................................................
survey  and criteria; fixed starring points; special rules at black and white limits

108

Histogram minimum method.............................. ....................................................................
Lowest  point   in histogram vs. fitting to peaks, smoothing; overlapping peaks

.................................... 109



Contents 1X

Minimum area sensitivity method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 111
Least change in phase areas with thresholds; problem of false  local minima

Minimum perimeter sensitivity method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
Least change in phase perimeter with thresholds; assumes smooth boundaries

Reproducibility testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............................115
Changes in measured dimensions with repetitive digitization and thresholding

Fixed percentage setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .........................116
Rule-of-thumbfor gradient or edge images

Color images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................................................... 117
Change in color (hue or saturation) as well as intensity

Encoding binary images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .........................119
Chord or run-length encoding, boundary representation or chain code

Contiguity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......................................................... 122
Connecting feature parts; 4- or 8 neighbor  rules for features and background

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........................................................ 127

Chapter 6
Binary Image Editing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......................  129

Manual editing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............................................... 130
Addition or erasure of pixels, filling of holes. selection of features or regions

Combining images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......................................13 1
Boolean logic rules (AND,  OR, ExOR, NOT); measurement templates; X-ray maps

Neighbor operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..................................134
Morphological operations (erosion, dilation, opening, closing); neighbor coefficients

Skeletonization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..............................................141
Neighbor rules; iterative methods; background  skiz;  no&s and branches

Measurement using binary image editing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .148
Size measured by erosion; gradients and clustering; masking; template matching

Covariance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........................................................ 151
Binary or grey scale images; preferred orientation: autocorrelation; frequency space

Watershed segmentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .........................153
Ultimate eroded points; Euclidean distance map; separation of touching features

Mosaic amalgamation and fractal dimensions . . . . . . . . . . . . . . . . . . . . . 161
Fractal dimensions of bouna’aries; Richardson plot; measurement methods

Contiguity and filling interior holes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
Feature boundaries and neighbors

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........................................................  173

Chapter 7
Image Measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~._._._._._.__.........  175

Reference areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............................................  175
Area fraction; number density; hierarchies; units; intercept length

Boundary curvature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...................................  179
Tangent count: inflection points; pixel orientations; gradient images

Feature measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............................18 1
Size measures: area, diameter; filled and convex area

Perimeter points . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . ..........................................183
Convex polygon; Pythagorean and chain code  perimeter; Feret’s   diameter

Length and breadth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .....................................185
Max. and min. Feret; width and fiber length; ellipsoid volume and surface



X Contents

Radius of curvature.. ...............................
Derived parameters; iterative solution

...........................................................................................................................192

Image processing approaches.. ...........................................
Circle fitting; the Hough transform

........................................................................................195

Counting neighbor patterns.. ................................. ......... ..............................................................................................
Pixel  patterns; total vs. net curvature; skeletons and boundaries

199

Shape................................................. ......................... ....................... ........ ........................ ...........................................................
Dimensionless ratios of size parameters; formfactor and roundness; holes

200

Corners as a measure of shape.. ................................................
Skeletons and boundaries; not a local operation

................................................................................ 205

Harmonic analysis.. ..................................... . ......... ................. ...........................................................................................
Unrolling; Fourier expansion: coefficients  used for classification

206

Position.. .................................... ............................................................ ...........
Centroid;  density weighting; moments and orientation angle

.......................................................................... 210

Neighbor relationships.. ................................ ..................................................................................................................
Inside; outside; touching; overlapping: alignments

212

Edge effects.. .......................... ......... ..... .......... ............. ............................................................................................................
Effective count as a function of size: guard area

216

Brightness.. ................................... .................. ......... .................................................................................................................
Optical density;  uniformity, contrast and texture

217

References.. .......................... .................................................................................................................................................... 218

Chapter 8
Stereological Interpretation of Measurement Data.. ............................................................ ,221

Global measurements.. .......................... ......... ........ ............ ................ ..............................................................................
Phases; volume fraction by area, lineal and point counts; notation

222

Global parameters.. ....... ................. ........... ........................... .................... ..........................................................................
Surface area per unit volume; grain size; random sampling; precision

.224

Mean free path .............................................. ........ ............................... ..................................................................................
Two and three dimensions; microscopic and astronomic application

229

Problems in 3-D interpretation.. .......................... ................. .......... ......... ...................................................................
Topology; the disector for direct 3-D sampling; number per unit volume

231

Feature specific measurements.. ...................... ... ...................... ..................... ............................................................
Spheres and circular intercepts; model-based unfolding; ellipsoids; limitations

233

Distribution histograms of size.. ......................... .......................................................................................................
Mean  based on number of volume; anisotropic structures

239

Interpreting distributions.. ............................................. ...........................................
Plotting axes;  normal distributions; inadequacy of descriptive statistics

......................................................241

Nonparametric tests.. ......................... ................ ................... ........ ............. ........................................................................
Rank order and cumulative sum methods; preferred for image data

243

Cumulative plots.. ................................................................................................................................................................
Undersize and oversize plots; log and probability scales; two-way plots

247

Plotting shape and position data.. ......................................
Nonlinear scales; gradients; angle (rose) plots

....................................................................................... 253

Other plots .................................................. ..............................................................................................................................
Shape  vs. size; correlation and significance; neighbor &stances; clustering

257

References..................................... ...................................................................... .:. .................................................................. 264

Chapter 9
Object Recognition . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........................ 267



Contents X i

Locating features.. ................................................................................................................................................................268
Template matching; cross correlation

Parametric object description.. .................................................................................................................................... 269
Size, shape, brightness, etc.; comparison to human recognition

Distinguishing populations.. .........................................................................................................................................272
Multidimensional parameter space; regression; finding important directions

nscision points ......................................................................................................................................................................275
Bayesian statistics; distribution histograms

her identification methods........................................................................................................................................279
Cluster analysis; nearest neighbor search: predefined classes; fuzzy  logic

L example.............................................................................................................................................................................. 283
SEM images of phytoliths from corn plants and species identification

mparing multiple populations.. ............................................................................................................................ 285
Production rules for  simple character recognition

I example of contextual learning..........................................................................................................................291
Automatic recognition of chaotic shapes (mixed nuts)

Other applications.. ..............................................................................................................................................................299
Industrial quality control; forensics: pathology; surveillance

Artificial intelligence.. ........................................................................................................................................................301
Classic  and  fuzzy expert systems; cluster analysis; kNN search; neural nets

References................................................................................................................................................................................ 304

Chapter IO
Surface Image Measurements . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 309

Depth cues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........................................................  309
Stereo vision; object precedence; surface  shading; relative position

Image contrast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................................................  310
Lambertian light scattering; shape-from-shading reconstruction

Shape from texture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .....................................  313
Local  surface gradients: reconstruction of surfaces; occluding boundaries

The scanning electron microscope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 17
Secondary and backscattered electrons; shape-frorn-shading reconstruction

Line width measurement..... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................  324
Metrology for micrometer-sized structures; profile interpretation;  modelling

Roughness and fractal dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 1
Surface roughness; 2.0 fractal dimension; relation to 1 .D boundaries; texture

Other surface measurement methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343
Photometric stereo; structured light; confocal  light microscopy; range images

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........................................................  346

Chapter I I
Stereoscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................................................  351

Principles from human vision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ 35 1
Vergence and parallax

Measurement of elevation from parallax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 352
Shift method (aerial photos); tilt method (SEM images)

Presentation of the data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........................... 357
Elevation profiles; contour maps; isometric   displays; range maps

Automatic fusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . . ........................................ 363
Cross correlation; lessons from  human vision; edge and point matching

Stereoscopy in transparent volumes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 372
3-D coordinatesfor analysis; locating surfaces; depth resolution

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........................................................  375

.



Contents

Chapter 12
Serial Sections.. ...................... ........................................................................................................................................ 377

Obtaining serial section images.. .................... ..................... ......................................................................................
Mechanical sectioning; grinding; ablation; distortion and nonuniformity

377

optical sectioning ........................... .............
Confocal light microscope; acoustic methods; tomography

.381

Presentation of 3-D image

......................

information..
Voxels (volumetric data) vs. surfaces

.....................................................................................................................

. ......................................................................................... 383

Aligning slices..................... ......................... ................. ............... ..................... .................
Translation and rotation; stretching; fiducial marks; automatic  methods

................................................... 387

Displays of outline images....... ............. ......................................................... ...............................................................
Wire frame; hidden line removal: depth coding; perspective; stereo views

389

S urface modelling .... .......... . ............... ...................
Tesselation and shading;  surface rendering

.......................................................................................................................................... 394

Measurements on surface-modelled objects..
Surface area and object volume; extensions of 2-D parameters

...................................................................... ,399

Voxel displays.. .......... ........................... ................... .............. ................ ................ ...............................................................
All data preserved; transparency; arbitrary section planes; internal surfaces

402

Measurements on voxel images.. .................. ............. ................ ...............................................................................
Volume and surface area; density; internal voids; defining  surfaces

405

Network analysis.. ...................... ..... ....................................................................................................................................
Transitivity matrices; number of neighbors and paths

408

Connectivity .................................. .................. ........................................................................................................................
Topological properties in 3-D; flow  in networks

414

References.. ................... ........................................................................................................................................................... 416

Chapter 13
Tomography.. ...................................... ............................................................................................................................... 419
Reconstruction.. .....................................................................................................................................................................

Frequency  space vs. backprojections;  algebraic methods; optimization
419

Instrumentation................. ....................................................................................................................................................
Generations of medical  equipment; resolution; beam hardening; electrons

425

3-D Imaging.. .. ...................... ............... .......................... ........... ......... ............... ......................................................................
Direct reconstruction from area projections; voxel and surface displays

431

References.................... ............................................................................................................................................................ 436

Chapter 14
Lessons from Human Vision.. .................. ..................................................................................................... 439

The language of structure.. ..................... ............... ........................................................................................................
Exterior surfates vs. volumetric and internal displays

441

Illusion ..................... ......... ........ ................. ........................ ........ ......................... .............. ...........................................................
Reveal  mechanisms  for shading correction, fine completion, imge processing

443

Conclusion ................... .......................... ........ ..........................................................................................................................
Toward “better seeing” by man  and machine

449

References.. ......................
For further reading..

........................................................................................................................................................ 450
.............................. ............................................................................................................................. 450

Index.. ..................... .................................................................................................................................................................. 451


