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Clustering 230–1, 232
fuzzy c-means 46–9

cluster size insensitive 49–51, 64
spatially guided 52–4

and near infrared chemical imaging 352
Clutter 186

extended least squares model 187–8
generalized least squares model 189–92

Color imaging 2–3, 9, 10
class coloring 62–3, 65

Color-slice contouring 24
Component analysis, see under Count data

analysis
Compound feed, see Animal feed
Compression

all variables simultaneously 235–7
space dimensions 227–31
spectra 224–7
time dimensions 231–5

Conditioning, see Data conditioning
Contaminant detection

cereals 301–2
compound feed 302–4
fruit 298–301
meat products 297–8
NIR chemical imaging 348–9

Correlogram 234
Count data analysis 89–123

background to spectral analysis 90–5
component analysis 95–6

maximum likelihood approaches
113–24

method performance comparisons
121–5

orthogonal matrix factorization
96–113

example datasets and simulations 92–5
related spectroscopic techniques 90

Cross-validation
defined 157
model test set 131
multivariate analysis/regression 158–60
two-way chemometrics 156–8, 178–80
see also Representative segmentation

D-metric 139–40, 146, 148
Data conditioning 132–8

data clean-up 137–8
reflectance

transformations/standardization
133–5

spectral transformations 135–7
standard reference materials 133, 134

standardization defined 128
transformation defined 128

Data pre-processing 127, 135–6, 320–2
Data quality 127–8, 150
DECRA (NMR imaging) 261–88

algorithm 269–70
approach 264–9
background to MRI 261–4
brain scan image 373

T1 series 281–2
T2 series 278–80

1H relaxation 270
image acquisitions 271–3
phantom test image 271–2

T1 series 277–8
T2 series 273–6

regression analysis 282–5
transformation T1 271

Diffusion, see Solvent diffusion
Digital images 1–3
Direct exponential curve resolution

algorithm, see DECRA (NMR
imaging)

Drug studies
chemical heterogeneity/homogeneity

336–7, 358–9
dissolution 241–5, 249–54
distribution of time-release beads 357

Eigenanalysis 97–8
spectral variance and noise 109–13

Energy dispersive X-ray spectrometer 92
Extended least squares model 181, 187–8

Factor analysis 96–7
FCM, see Fuzzy c-means techniques
Feed mixtures 296

contamination in 302–4
Feedback multivariate model selection

(FEMOS) 56–7
multispectral image of pine and spruce

58–60
as unsupervised clustering technique

60–2
Fick’s laws 238–40
Field of view 134, 348
Focal plane scanning 8
Food analysis techniques 291–304

animal feed mixtures 296, 302–4
cheese 146–9
fruit and vegetables 50, 54, 291–4,

298–301
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kernels/cereals 294–5, 301–2
meat products 51, 297–8
see also Quality inspection (agricultural

products)
Fruit and vegetable analysis 291–4

defects and contaminants 50, 54,
298–301

FTIR studies
drug release 249–54
polymer dissolution 246–9
reflectance data of aspirin/sugar mixture

71, 80
transmission data of polymer laminate

70–1, 75–9
Fuzzy c-means techniques 46–8, 64

cluster size insensitive 49–51, 64
conditional 48–9
spatially guided 51–4, 64

Generalized least squares model 182, 189
Generalized rank annihilation method

263, 265, 268
Geometric standards 209–10, 211
Grayscale 211
Grayvalues 2–3, 206
Guided random sampling, see under

Representative segmentation

Histograms
colour-slice contouring 24
of pixel intensities 355–6

Hotelling’s T 2 statistic 184, 185, 189
Hyperspectral image

defined 5
generation of 5–9

Image acquisition 55
camera configurations 6–9, 349
InGaAs camera with LCTF filter

213–19
magnetic resonance imaging 271–3

Image cross-validation, see
Cross-validation

Image regression, see Multivariate image
regression

Image subclasses 27–8
InGaAs camera 213–19
Intensity

calibration 204
grayvalues 2–3, 206

Interference 181, 186
extended least squares model 187–8

generalized least squares model 181,
189–92

Internal reference standards 127
Inverse least squares 181, 226
Iteratively weighted least squares 117–18

Joint normal distribution 26–7

Kernels/cereals analysis 294–5, 301–2
Kubelka–Munk transform 136, 183

Least squares
alternating 120–1
extended 181, 187–8
generalized 182, 189–92
iteratively weighted 117–19
partial 129–30, 138–40, 181
see also Classical least squares models

Leave-one-out-cross-validation 179
Line scanning 7–8

Raman spectroscopy 245–6
Liquid crystal tunable filter 213–14
Local modeling 27–8

Magnetic resonance imaging, see DECRA
(NMR imaging)

Maltese cross segmentation 163,
164, 165–8, 171, 173,
177–8

Matlab 95
function 103–4

Maximum likelihood analysis 113–21
maximum likelihood PCA 104–5
method performance comparisons

121–4
Meat products 51

defects and contaminants 297–8
Mixing class concept 33–8
Montmorency Forest data set 18–21,

160–77
multivariate image analysis 21–4
representative segmentation 160–77

MRI, see DECRA (NMR imaging)
Multiplicative scatter correction 128,

136, 146
Multiplicative signal correction 137
Multivariate curve resolution 186
Multivariate image

defined 3–4
relationship to hyperspectral image

5, 181
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Multivariate image analysis, principles of
17–42

basics illustrated 9–14
brushing 24–6
colour-slice contouring 24
local modeling and image subclasses

27–8
mixing class concept 33–8
primary classes 32–3
scene space

iteration with score space 32–3
sampling in score space 39–40

score space and score cross-plot 21–4
synopsis 18, 40–1
topographic map analogy 28–31
validation issues 158–9
see also Count data analysis

Multivariate image regression, see
Regression analysis

Multivariate movies 207, 221–60
applications (diffusion/drug studies)

237–55
background discussion 237–42
drug release (FTIR/ARC) 249–54
line imaging 245–6
MIR solvent intake studies 246–9
optical and NMR studies

242–5
background to 121–2
data structure and compression 223–4

all variables simultaneously 235–7
space dimensions 227–31
spectra 224–7
time dimension 231–5

Near infrared chemical imaging 335–61
acquisition schemes/ measurement modes

341–2
background and scope 335–8, 343–4
chemical contrast and classification

procedures 350–4
data analysis

spatial and spectral unmixing 346–8
underlying data structure 344–6

histograms of pixel intensities 355–6
instrumentation and data collection

338–40
sample

heterogeneity and type 340–1
performance/behavior correlations

359–60
spatial dimensions 348–50
spectral data

homogeneity measurement 358–9
statistics and spatial relationships

357–8
NIST wavelength standards 213
NMR

multivariate movies 242–5
see also DECRA (NMR imaging)

Noise
Poisson 92, 95, 99–102, 107, 120
pre-normalization for PET images

321–2
see also Interference

Non-negative matrix factorization 118–20
Nuclear magnetic resonance

biological imaging, see DECRA (NMR
imaging)

multivariate movies 242–5
Nuclear medicine, see Positron emission

tomography

Orthogonal matrix factorization 96–113
Outliers 137

Palmitic/stearic acid mixture 71–3, 80–5
Parafac model 236
Partial least squares 129–30, 181

data subset selection 138–9
and NIR chemical imaging 353–4
pseudorank determination 139–40

Particle tracking 231, 233
Pepper images 54
PET, see Positron emission tomography
Pharmaceuticals, see Drug studies
Piecewise multiplicative scatter correction

137, 146
Pixels

dead/bad 137, 184
defined 2
histograms of intensities 355–6
size 205–6

Point scanning 6–7, 349
Poisson distribution 91–2
Poisson noise 92, 95, 99–102, 107, 120
Poisson non-negative matrix factorization

114–17, 120
Polyethylene/aspirin mixture 193–200
Polymers

laminate 70–1, 75–9, 75–80
solvent diffusion in 237–41, 245–9

Positron emission tomography 313–34
background to imaging 313–15
basic principles 315–17
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data and image analysis methods
318–19

data pre-processing
noise-prenormalization 321–2
scaling and mean-centring 320–1

dynamic and static scanning modes 317
masked volume wise PCA 326, 331

masking procedure 327–8
sinogram domain application

328–30
PCA basics 319–20, 322–3
slice wise/sinogram wise PCA 323, 331

contrast/kinetic normalization 325–6
noise pre-normalization 323–4
outlining reference region 324–5

volume wise PCA 326
Potato images 47, 50
Poultry 298
Pre-processing, see Data pre-processing
Prediction performance 131, 156–7
Principal component analysis 10, 97,

226–7, 319–20
application to PET studies 314, 320–32
arbitrary factor models 102–4
data scaling and mean-centring 20–1
definition 319–20
and eigenanalysis 97–8
history of 319
maximum likelihood PCA 104–5
and near infrared chemical imaging

351–2
principal factor analysis 107–8
selecting the number of components

108–13
and singular value decomposition 97–8
training set selection 55–6
weighted PCA 105–7
see also Multivariate image analysis,

principles of
Principal factor analysis 107–8
Proton spin relaxation 270
Pseudoabsorbance 209
Pseudocolors 4, 10, 11, 62–3
Pseudorank 139
Pulsed-gradient spin echo data 263, 264–9

Quality inspection (agricultural products)
43–67

class coloring and pseudo color 62–3,
65

consumer perceptions of quality 43–4
image clustering/classification

supervised (FEMOS) 55–7

unsupervised (fuzzy c-means) 46–54
techniques reviewed 44–5

cereals 301–2
compound feed 302–4
fruit 298–301
meat products 297–8

see also Food analysis techniques

Raman spectroscopy
aspirin/polyethylene mixture 193–200
line imaging 245–6

Reflectance
defined 208
specular on chemical images 342
standards 210–13
transformations 133–5

Regression analysis
calibration 128–31

image versus normal 132
and cross-validation 158–60
diagnostics 130–2
example datasets 140–2, 151–2

cheese samples 146–9
citric acid/salicylic acid/sugar mixture

142–6
and interference 181
MRI images 282–5
and NIR chemical imaging 353
partial least squares 129–30

data subset selection 138–9
pseudorank determination 139

wheat straw wax 149–50
Remote sensing 222, 289, 290, 304–7
Representative segmentation

‘blind’ approaches 155, 159, 165, 179
guided random sampling (case study)

160–3
critical segmentation issues 165–8
data structure and sampling 173–7
full Y-image 163–5
Y-composite 168–73

Root mean square error
of calibration 131
of prediction 131, 156

Satellite systems 222, 289, 290, 304–7
Scanning electron microscopy 92–5
Scene space 17, 18, 31

defined 10
sampling in score space 39–40
and score space iteration 32

Score plot 10–11, 12, 13, 18, 21–4, 30
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Score space 10, 18, 21–4, 30, 39–40
and scene space iteration 32
scene space sampling in 39–40

Secondary ion mass spectrometry
palmitic/stearic acid mixture 71–3,

80–5
TOF-SIMS of plated copper grid 92–5

Segmentation, see Representative
segmentation

Self-modeling image analysis (SIMPLISMA)
69–87

FTIR data
reflectance (aspirin/sugar) 71, 80
transmission (polymer laminate)

70–1, 75–9
SIMS of palmitic/stearic acid mixture

71–3, 80–5
theoretical background 70, 73–5

Singular value decomposition 97–8
Size of image 205, 206
Solvent diffusion

drug release studies 241–5, 249–54
in polymers 237–41, 245–9

Spatial heterogeneity 340
Spatially guided FCM 51–4, 64
Spectral resolution 206–7
Spectral transformations 135–7
Spectralon 133–5, 210, 212
Spectrophotometer 5–6
Spectroscopic analysis 90, 183

NIR spectral data 305–9
see also Count data analysis

Spin-lattice/spin-spin relaxation times
261–4

and DECRA 269, 270–1
Standard normal variate transform 137
Standardization 128

reference materials 133, 134
see also Calibration

Stearic/palmitic acid mixture 71–3, 80–5
Sugar/aspirin mixture 71, 80
Supervised classification 17, 54–6, 353–4

Templar cross, see Maltese cross
segmentation

Temporal images, see Multivariate movies
Test set

selection 55–6
validation 157, 180

Time resolved images, see Multivariate
movies

Time series analysis 231–5
Tissue samples 261–4
TOF-SIMS of plated copper grid 92–5
Training set selection 55–6
Transformation 128, 133–7
Transmittance defined 207–8
Tucker3 model 236
Two-way cross-validation 156–8, 178–80

Unsupervised classification 17, 46–53,
350–2

User-delineated segmentation 155

Validation 131, 156–8
Vegetables, see Fruit and vegetable analysis
Voxel 2, 206

Wavelength resolution 206–7
Weighted PCA 105–7
Wheat straw wax 149–50
Wood images 59


