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Index

a
aberrations 185, 277
absolute sum of normalized dot

products 669
absorbance 97, 98, 111
absorbing filter 124
absorption 97
acceptance test 49
accommodation 3, 5, 25
accumulator array 658, 660, 661
accuracy 596, 702, 718, 724, 725, 778,

782, 787
camera parameters 629–631
contour moments 560
edges 512, 597–602
gray value features 512
gray value moments 557–558, 560
hardware requirements 601–602
region moments 557–558
subpixel-precise threshold 512

achromatic axis 10
acquisition 371
action commands 361, 371, 372,

375–377
action potentials 16
active optical cables (AOC) 381
active pixel sensor 331
adaptation 12, 14, 17, 26
contrast 26
ligth/dark 26
motion 26
to optical aberrations 26
to scaling 26
tilt 26

adaptive lighting 118, 171

A/D conversion 357
additive mixed illumination colors 103
additive noise 272
additivity 253
adjustment 719, 720, 722, 723, 732

vs. calibration 732
affine transformation 532–533, 555,

644, 662, 668
afocal system 229
aging 88
Airy disk 244, 246
algebraic distance 608
algebraic error 608
aliasing 529–530, 537–538, 649
effect 267, 269
function 276
potential 276
ratio 276

alignment 532, 544, 545
Altera Cyclone V series 405
amacrine cells 17, 20
amplitude distribution in the image

plane 242
analog cameras 435
analog connectors 439
analog front end (AFE) 357, 358
analog image acquisition 437
analog processing 356
analog-to-digital converter (ADC)

329, 330, 336, 366, 388
analog video signal 436
analyzer 108
Ando filter 589
angel kappa 3
anisometry 554, 557, 559, 674
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anterior chamber 2
anti-reflective coating (AR) 126, 283
aperture 206
correction 354
stop 206, 514

a posteriori probability 677
application-package, see systems,

application-package 699
Application Programming Interface

(API) 475
applications
code recognition 701
completeness check 701, 702, 772,

774, 776
object recognition 701, 779
position recognition 701, 781
shape and dimensioncheck 702
surface inspection 702, 788
types 702

application-specific integrated circuits
(ASICs) 345, 402

a priori probability 677, 679
Aptina 337
area 552, 557–560
of interest 329, 348
MT 22
sensor 319, 614

artificial astigmatism 124
aspect ratio 744
astigmatism 5, 11, 600
attention 22, 23
Automated Imaging Association (AIA)

454
axial magnification ratio 200, 233
axons 3, 11, 16, 17, 19

b
backlight (ing) 44, 138, 174
back side illumination (BSI) 337, 338
band-limited system 269
bandpass filter (BP) 125
bandwidth 122, 395 see also signal,

bandwidth, 699
bar codes, see codes, bar codes 699
batch production, see production, batch

699
Bayer color encoding 485

Bayer Color Filter Array (CFA) 485
BAYER pattern 351, 359
Bayes decision rule 677
Bayes theorem 677
beam converging lens 193
beam diverging lens 193
Bessel function 244
bilateral telecentric systems 229
bilinear 359, 367
binary image 507, 549, 552, 561, 563,

567, 573
binning 338, 345, 347
binocular stereo reconstruction

631–643
bin-picking 767, 771
bipolar cells 16
OFF 13
ON 13

black light 107
blob analysis 60
blobs 22, 23
block diagram 350, 354
blooming 326
boundary 550, 556, 567–568
condition 239

bounding box 555, 560, 675
bright field 45
illumination 138

brightness 206
behavior 90
control 166
perception 74

b/w 338

c
C-Mount 318, 350
C-Mount lens 43
calcium 13
calibration 731, 748, 750, 782–784

vs. adjustment 732
geometric 600, 601, 613–632
accuracy of interior orientation
629–631

binocular stereo calibration 633
calibration target 622–623
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camera constant, see calibration,
geometric, principal distance
690

camera coordinate system
615–616, 618–620, 633

camera motion vector 618
distortion coefficient (division
model) 616–632, 636

distortion coefficients (polynomial
model) 616, 618, 632

exterior orientation 601, 623–626
focal length 614–615, 632
image coordinate system 618, 620
image plane coordinate system
616, 620

interior orientation 601, 623–626,
632

pixel size 618, 620, 632
principal distance 614–616, 620,
629–632

principal point 618, 620, 629–632
projection center 614, 632, 633,
635, 637

relative orientation 632, 633
world coordinate system
615–616, 620

radiometric 512–517, 600
calibration target 513
chart-based 513
chart-less 514–517
defining equation for chart-less
calibration 514

discretization of inverse response
function 514, 515

gamma responsefunction 513,
516

inverse response function 514
normalization of inverse response
function 515, 516

polynomial inverse response
function 516

response function 513, 514, 516
smoothness constraint 516

camera (s) 505–506
bus
analog cameras 435
analog connectors 439

analog image acquisition 437
analog video signal 436
bandwidth 459
cables 460
Camera Link 449
Camera Link HS 432, 451
Camera Link signals 450
CoaXPress 432, 452
differential signaling 441
digital video transmission 439
FireWire/IEEE 1394, 432
frame grabber 432
frame rate 460
G3 433
GenICam 433
Gigabit Ethernet for machine vision
455, 456

GigE Vision 432
IEEE 1394 (FireWire) (Legacy)
442

IEEE 1394 for machine vision 445
IIDC2 standard 434
interlaced video transfer 436
LCD inspection 462
line scan 441, 460
manufacturing inspection 461
parallel digital camera buses 439
parallel digital connectors 441
progressive scan video 437
reliability 460
resolution 459
RGB 438
security 463
S-Video 438
taps 440
timing signals 437
USB 452
USB for machine vision 454
USB3 Vision standards 432, 433

calibration
accident photography 313
additional object information 304
affinity and non-orthogonality
299

applications with simultaneous
calibration 309

architecture 313
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camera (s) (contd.)
camera model 295
camera system 292
car safety applications 312
central projection 295
coordinate systems 292
direct linear transformation 308
distortion and affinity 297
extended system calibration 307
exterior orientation 293
focal length and principal point
297

image information 302
image rectification 628–629
interior orientation 293
in the laboratory 302
optical system 293
plumb-line method 307
radial asymmetrical and tangential
distortion 299

radial symmetrical distortion 297
sensor flatness 301
sensor stability 294
signal processing and transfer 294
system calibration 293
tube measurement 311
variant camera parameters 299
verification 308
whitelight scanners 312
world coordinates from single
image 601, 626–628

world coordinates from stereo
reconstruction 631, 643

constant 182
exposuretime 514
electrical design 46, 58
fill factor 558, 598, 601
gamma response function 513, 516
gray value response 512–513
linear 512, 600, 601
nonlinear 512, 600

inverse response function 514
line scan 614, 618–622, 628
mechanical design 46, 58
model 32, 37, 39, 40
pinhole 614–618, 627–628
resolution 39

response function 513, 514, 516
sensor
aspect ratio 37, 39, 51
resolution 37, 38

telecentric 614–618, 626–627
Camera Link 345, 395, 432, 449, 716
connector 451
HS 432, 451
signals 450

candela 110
Canny filter 586, 591, 597
edge accuracy 597, 598
edge precision 597

cardinal elements 191
center of gravity 552–554, 557, 558,

560, 603, 605
center of perspective 182
center wavelength 83, 122
central disk 244, 248
central moments 553–554, 557, 560,

603
central projection 182, 219
chamfer-3–4 distance 574
changeover 720, 748, 750
channel capacity 11, 16
characteristic function 507, 557, 575
charge 328, 345
transfer 321

charge-coupled device (CCD) 317,
320–322, 324–328, 334, 336, 337,
339–342, 345, 348–351,
353–357, 359, 360, 369, 375, 391,
392, 394, 397

chessboard distance 574
chief ray 207
chroma 351
chromatic aberration 6, 10, 600
longitudinal 10
transverse 10

chrominance 351
circle fitting 607–608
outlier suppression 607
robust 607

circle of confusion 211, 214
permissible size 218

circular aperture 243
city-block distance 573, 574
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classification 674, 676–690
Bayes classifier 679–681
classification accuracy 688
classifier types 678
curse of dimensionality 679, 685
decision theory 676–678
Bayes decision rule 677
Bayes theorem 677

error rate 679
expectation maximization algorithm

681
features 674
Gaussian mixture model classifier

680–681, 689
generalized linear classifier 685
k nearest-neighbor classifier

679–680
linear classifier 681–682
neural network 681–685, 688–689
hyperbolic tangent activation
function 683

logistic activation function 683
multilayer perceptron training
682–685, 688–689

sigmoid activation function
683–684

single-layer perceptron 681–682
softmax activation function 684
threshold activation function 682,
683

universal approximator 683, 684
nonlinear classifier 682–689
polynomial classifier 685
a posteriori probability 677
a priori probability 677, 679
rejection 688–689
support vector machine 685–689
Gaussian radial basis function
kernel 687

homogeneous polynomial kernel
687

inhomogeneous polynomial kernel
687

kernel 687
margin 686
separating hyperplane 685–686
sigmoid kernel 687

universal approximator 687
test set 679
training set 678, 684
training speed 688

Closed Circuit TeleVision (CCTV)
317–319

closing 571, 577
cloudy day illumination 150
cluster 710
clutter 654, 657, 661, 668
CMOSIS 328, 335, 336
coaxial diffuse light 140
coaxial directed light 142
coaxial telecentric light 143
CoaXPress 432, 452
coded light 145
code recognition, see codes, recognition

699
codes
bar codes 701
DataMatrix 701, 708, 730, 731, 734
recognition 701

coherent light 85
cold light source 78
collision avoidance 771
color 338
alias 367
Burst 437
constancy 23, 25
contrast 23, 25
correction 368
difference 354
filter 130
information 367
interpolation 367
color perception 73
color space 371

ColorChecker 369
column parallel readout 330
coma 11, 600
horizontal 5

combined lighting technique 162
compact systems, see systems, compact

systems 699
Compact Vision System (CVS) 41, 423
compactness 556, 674
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complement 561–562
complementary color 101, 322, 351,

353
complementary

metal-oxide-semiconductor
(CMOS) 317, 320, 328, 329,
331, 332, 335–337, 339–342, 348,
351, 354, 355, 357, 359, 375, 382,
391, 392, 394

completeness check, see applications,
completeness check 699

complex cells 22
component labeling 549
computer bus
cost 471
ISA/EISA 463
machine vision applications 463
PCI/CompactPCI/PXI 464
PCI Express/CompactPCI

Express/PXI Express 467
PCI-X 466
prevalence and lifetime 471
throughput 469
throughput requirements application

473
throughput requirements

determination 471
timeline 464

condition monitoring 793
cone pedicle 16
cones 6, 12, 16, 24, 26, 27
configuration management 709, 710,

785
confocal frontlight 45
connected components 548–549, 672
connectivity 548–549, 562, 568, 573
constancy of luminance 113
Consultative Committee for

International Radio (CCIR)
338, 435

Consulting TeamMachine Vision
(CTMV) 55

continuous production, see production,
continuous 699

contour 508–509
feature, see features, contour 690
length 556

segmentation 609–612, 655
lines 609–611
lines and circles 611–612
lines and ellipses 611–612

contour-based algorithms 34
contrast 44, 118
adaptation 11
enhancement 510–512
normalization 511–512
robust 511–512, 676

sensitivity function 17, 18
threshold 17

control, see evaluation, control 699
controlled lighting 167
control signals, see data, control signals

699
convex hull 555–556, 560
convexity 555–556
convolution 522–523, 528–529
integral 256
kernel 522
theorem 259, 267

coordinates
homogeneous 533, 534
inhomogeneous 533, 534
polar 538

cornea 1–3, 5
correct perspective viewing distance

213
correction data 365
Correlated Double Sampling (CDS)

334, 348, 349, 357, 359, 392
correlation 529, see also normalized

cross-correlation, 690
cos4-law 283
counters 372, 376
CPU load 367, 368, 379, 380, 396
crosstalk 269
CRT 322, 363
crystalline lens 1
CS-Mount 318
CS-Mount camera 43
cumulative histogram 511, 557
cutoff spatial frequency 6
cutoff wavelength 122
cuton wavelength 122
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cycle time, 34, see production, cycle
time 699, 737

Cyclic Redundancy Check (CRC) error
checking 454

d
dark current noise 391
darkfield illumination 139
dark field lighting 45, 152
dark noise 16, 364, 366
data
control signals 731, 736
images 733, 734
packets 378
rate, see signal, data rate 699
structures
images 505–506
regions 506–508
subpixel-precise contours
508–509

type data 733, 785, 786
valid signal 450

DataMatrix code, see codes, DataMatrix
699

daylight suppression filter 128
decision theory 676–678
Bayes decisionrule 677
Bayes theorem 677
a posteriori probability 677
a priori probability 677, 679

defocused image plane 248
delay time 167
deltaE 370
demosaicing 367, 368
depth-first search 549
depth of field 214, 215, 234
depth of field T 216
depth of focus, see focus, depth of 699
depth of focus T 216
Deriche filter 586–587, 591, 597
edge accuracy 597, 599
edge precision 597

derivative
directional 581
first 580, 583
gradient 581
Laplacian 582

partial 581, 582, 589, 591
second 580, 583

deterministic system 253
deviation from telecentricity 284
dichromatic 24
difference 561
differential signaling 441
diffraction 99, 235
diffraction integral 236, 237
diffraction-limited 3, 241
depth of focus 247
MTF 3

diffuse area lighting 141
diffuse bright field incident light 140
diffuse bright field transmitted lighting

155
diffuse dark field incident light 152
diffuse directed partial bright field

incident light 148
diffuse lights (ing) 45, 136
diffuse on axis light 140
diffuse transmitted dark field lighting

161
digital I/O, see interface, digital I/O

699
digital signal processor (DSP) 351, 404
Digital Video Interface (DVI) connector

413, 443
digital video transmission 439
dilation 562–565, 567–568, 576, 594
dimension check, see applications,

dimension check 699
DIN 1335, 204
DIN 19040, 202
diplopia 25
Dirac comb 266, 269
directed bright field incident light 142
directed bright field transmitted lighting

157
directed dark field incident light 152
directed light (ing) 45, 136
directed on axis light 142
directed reflection 93
directed transmission 97
directed transmitted dark field lighting

161
directional properties of the light 135
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direction of light 192
direct linear transformation

(DLT) 308
Direct Memory Access (DMA) 380,

396, 474, 478
discharging lamp 76, 78
discrete Fourier transform (DFT) 270,

529–532, see also discrete
Fourier transform, 690

disparity 25, 27, 638–639
dispersion 102
dispersion of light 184
distance
chamfer-3–4 574
chessboard 574
city-block 573, 574
Euclidean 574
transform 573–575, 655, 657

distortion 280, 600, 616–618, 620
barrel 616–618, 620
division model 616
pincushion 616–618, 620
polynomial model 616–618

distribution of illuminance 115
DL-Cutfilter 355
DNL 357
dorsal stream 22, 25
drift 78, 84, 88
driver software
acquisition mode 479
API 475
Bayer color encoding 485
display modes 488
image display 488
image representation on disk 482,

487
layers of 474
nondestructive overlays 490
palettes 489
performance 477
supported platforms 477
utility functions 478

duality
dilation–erosion 567, 576
hit-or-miss transform 569
opening–closing 571, 577

dynamic 336, 375, 387, 393

range 328, 393
thresholding 542–544, 577, 672

e
edge
amplitude 548, 581, 590
definition
1D 580–581
2D 581–582

gradient magnitude 548, 581, 590
gradient vector 581
Laplacian 582, 594–596
non-maximum suppression 580,

587, 591–592
polarity 581
spread function 278

edge extraction 579–602, 655
1D 583–589
Canny filter 586
Deriche filter 586–587
derivative 580, 583
gray value profile 584
non-maximum suppression 587
subpixel-accurate 588

2D 548, 589–596
Ando filter 589
Canny filter 591, 597
Deriche filter 591, 597
Frei filter 589
gradient 581
hysteresis thresholding 592–593
Lanser filter 591, 597
Laplacian 582, 594–596
non-maximum suppression
591–592

Prewitt filter 589
Sobel filter 589
subpixel-accurate 593–596

edge filter 586–587
Ando 589
Canny 586, 591, 597
edge accuracy 597, 598
edge precision 597

Deriche 586–587, 591, 597
edge accuracy 597, 599
edge precision 597

Frei 589
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Lanser 591, 597
edge accuracy 597
edge precision 597

optimal 586–587, 590–591
Prewitt 589
Sobel 589

edge spread function (ESF) 278
effective f-number 216
Eikonal equation 180
electromagnetic compatibilty (EMC)

80
electromagnetic wave 179
Electronic Industries Association (EIA)

RS-170 338, 435
electronic shutter 323
ellipse fitting 608–609
algebraic error 608
geometric error 609
outlier suppression 609
robust 609

ellipse parameters 553–555, 557, 559,
560, 603, 605, 608, 609

embedded image processing 713
embedded MultiMediaCard (eMMC)

407
embedded vision systems
better shock and vibration ratings and

testing 423
built-in hardware 423
closed loop control applications 424
definition 401
environment 425
fanless design and greater

temperature range specifications
423

flexibility in component selection
422

flexibility in system integration 422
full bus bandwidth 423
higher performance processing 421
I/O set 422
multi-camera applications 424
multi-camera connectivity 421
programming and configuration 425
SLC vs. MLC memory solid state

memory 423
emmetropia 3

EMVA1288 386–388, 394
enclosing circle 555, 560
enclosing rectangle 555, 560, 675
engineering framework 747
entocentric perspective 222
entrance pupil 198, 208
entrance window 209
epipolar image rectification 637–638
epipolar line 634
epipolar plane 634
epipolar standard geometry 636–637
epipole 634
erosion 565–568, 576
error of second order 159
error signal 61
errors of the first order 160
Ethernet, see interface, Ethernet 699
Euclidean distance 574
evaluation
control 705, 706, 781, 786, 787
inspection 704, 772, 774, 776, 787
monitoring 705
recognition 705
verification 704, 705, 772, 774, 776,

779
exit pupil 198, 208
exit window 209
exposure 115, 120, 318, 327, 329, 332,

335, 345, 359, 361, 371, 372, 374,
375, 383, 384, 387

time 120, 514
Extended Industry Standard

Architecture (EISA) bus 464
extensibility 710, 714, 791
exterior orientation 601, 615–616,

620, 623–626
world coordinate system 615–616,

620
extraneous light 175
ExViewHAD 325
eye lens 1
eye movement 10, 12, 27
eye protection 106

f
face-distortion aftereffect 26
face recognition 707, 794
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facet model 593
far cells 25
far point 214, 223
fast Fourier transform 530, see also

Fourier transform, 690
feature extraction 552–560
features
contour 552, 559–560
area 560
center of gravity 560
central moments 560
contour length 559
ellipse parameters 560
major axis 560
minor axis 560
moments 560
normalized moments 560
orientation 560
smallest enclosing circle 560
smallest enclosing rectangle 560

gray value 552, 556–559
𝛼-quantile 557
anisometry 557, 559
area, 557–559
center of gravity 557, 558
central moments 557
ellipse parameters 557, 559
major axis 557, 559
maximum 511, 556
mean 556
median 557
minimum 511, 556
minor axis 557, 559
moments 557–559
normalized moments 557
orientation 557
standard deviation 556
variance 556

region 552–556
anisometry 554, 674
area 552, 558
center of gravity 552–554, 558
central moments 553–554
compactness 556, 674
contour length 556
convexity 555–556
ellipse parameters 553–555

major axis 553–554
minor axis 553–554
moments 552–555
normalized moments 552–553
orientation 553–555
smallest enclosing circle 555
smallest enclosing rectangle 555,
675

Fermat’s principle 180
FFT, see fast Fourier transform 690
fields 322, 323, 345
angle, object side 202
buses, 411see interface, field bus 699
integration, 321–323
readout 351
stop 206

field-programmable gate array (FPGA)
354, 361, 365–367, 402, 405, 709,
714, 794

files, see interface, files 699
fill factor 321, 322, 334, 558, 598, 601
filter
anisotropic 524, 591
border treatment 520–521
combination 131
convolution 522–523, 528–529
kernel 522

definition 522
edge 586–587
Ando 589
Canny 586, 591, 597
Deriche 586–587, 591, 597
Frei 589
Lanser 591, 597
optimal 586–587, 590–591
Prewitt 589
Sobel 589

factor 123
Gaussian 524–526, 538, 542, 543,

586, 591, 649
frequency response 525, 529

isotropic 524, 525, 591
linear 522–523, 583
mask 522
maximum, see morphology, gray

value, dilation 690
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mean 519–522, 526, 538, 543, 584,
649

frequency response 523–524,
528, 650

median 526–527, 543
minimum, see morphology, gray

value, erosion 690
nonlinear 526–527, 576
rank 527, 576
recursive 522, 523, 525, 577
runtime complexity 521–522
separable 521, 523, 525
smoothing 517–527
optimal 524–525, 586, 591

spatial averaging 519–522
temporal averaging 518–519, 545

finite extension of ray pencils 205
FireWire, 361, 449, see interface,

FireWire 699
FireWire/IEEE 1394, 432
first Bessel function 18
first in–first out (FIFO) 362
fitting
circles 607–608
outlier suppression 607
robust 607

ellipses 608–609
algebraic error 608
geometric error 609
outlier suppression 609
robust 609

lines 603–606
outlier suppression 604–606
robust 604–606

fixation 717, 718, 722, 723
fixed pattern noise 334, 392
flash 322, 323, 327, 332, 335, 350
duration 80
lighting 84, 167
mode 167
repeating frequency 167
time 170

fluorescent lamp 81
fluorescent tubes 45
f -number 210, 514
focal length 42, 614–615, 632
image side 192

object side 192
focal point
image side 189
object side 189

focus depth of 718, 742
focusing plane 211, 214
Fourier transform 240, 523, 528–532
continuous 528–529
convolution 528–529
discrete 529–532
inverse 530

fast 530
frequency domain 528
Nyquist frequency 529
1D 528
inverse 528

real-valued 530
spatial domain 528
texture removal 530–532
2D 528
inverse 528

fovea 3, 10
FPGA counter 59
FPN 392
frame 4, 37
averaging 366
frame grabber 350
analog, line jitter 597

integration 321, 323, 324
memory 361
rates 336, 382
transfer 321
work, see engineering framework

699
FrameBurstStart 373
Fraunhofer approximation 240
Frei filter 589
frequency, 183, see signal, frequency

699
domain 528

Fresnel’s approximation 239
FTP, see interface, network 699
Full frame 321
Full well 336
fuzzy membership 557–559
fuzzy set 557–559
FX3 384
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g
G3 433
gage capability 718, 724
Gamma function 362
gamma response function 513, 516
gamut 351, 369, 370
ganglion cells 11, 17, 18, 20–22, 24, 27
gauge capability 724, 779
Gaussian filter 524–526, 538, 542, 543,

586, 591, 649
frequency response 525, 529

Gaussian optics 185, 235
GenAPI 378
generalized Hough transform 658–661
accumulatorarray 658, 660, 661
R-table 660

Generic Application Programming
Interface (GenApi) 434

Generic Control Protocol (GenCP)
434

Generic Transport Layer (GenTL) 434
GenICam, 354, 371, 378, 380, 384,

394–396 433, 457, 716
GenTL 378
geometrical optics 179, 180
geometrical path 180
geometric camera calibration 600,

601, 613–631, 632
binocular stereo calibration 633
calibration target 622–623
exterior orientation 601, 615–616,

620, 623–626
world coordinate system
615–616, 620

interior orientation 601, 614–618,
623–626, 632

accuracy 629–631
camera coordinate system
615–618, 633

camera motion vector 618
camera constant, see geometric
camera calibration, interior

distortion coefficient (division
model) 632, 636

distortion coefficients (polynomial
model) 632

focal length 632

pixel size 632
principal distance 632
projection center 614, 632, 633,
635, 637

orientation, principal distance 690
camera coordinate system 616,
620

distortion coefficient (division
model) 616–629, 631

distortion coefficients (polynomial
model) 616, 618

focal length 614, 615
image coordinate system 618–620
image plane coordinate system
616–620

pixel size 618–620
principal distance 614–629, 631
principal point 618–632

relative orientation 632, 633
base 633
base line 635

geometric error 609
geometric hashing 662–663
geometric matching 661–671
gesture recognition 766
Gigabit Ethernet for machine vision

456
Gigabit Ethernet (GigE Vision) 340,

341, 345, 354, 361, 363, 375,
377–380, 384, 385, 394–396, 432,
455, 716

GigE Vision Control Protocol (GVCP)
378, 456

GigE Vision device discovery 456
GigE Vision Stream Protocol (GVSP)

378, 379, 457
Global Machine Vision Interface

Standards 433
Global Reset Release Shutter 332
global shutter 332, 334
glutamate 13
grab acquisition 480
gradient 581, 754, 762
algorithm 119
amplitude 548, 581, 590
angle 581, 660
direction 581, 658, 660
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index lens 5
length 581
magnitude 548, 581, 590
morphological 577–578

graphics processing unit (GPU) 404
see also GPU, 699, 710, 794

grating acuity 8, 18
gray value 506

𝛼-quantile 557
camera response 512–513
linear 512, 600, 601
nonlinear 512, 600

difference 118
feature, see features, gray value 690
maximum 511, 556
mean 556
median 557
minimum 511, 556
normalization 511–512
robust 511–512, 676

1D histogram 511–512, 541–542
cumulative 511, 557
maximum 541–542
minimum 541–542
peak 541–542

profile 584
robust normalization 675
scaling 510
standard deviation 556
transformation 510–512, 556, 559
2D histogram 515
variance 556

GretagMacbeth 369
grey filter 129

h
H264 318
half-power points 122
half-width 82
halogen and xenon lamps 45
halogen lamp 77
handling, see production, part handling

699
handshaking, see interface, handshaking

699
hardware trigger 371
harmonic wave 258

Hausdorff distance 656–658
HD 343, 350
height map 754, 755, 757, 758, 760,

762, 765, 770, 771
Helmholtz equation 237
Hessian normal form 603
HF-ballast 81
High-Definition Multimedia Interface

(HDMI) connector 413
higher order aberrations 5
high dynamic range (HDR) 328, 331
high speed imaging 331
high-speed inspection 168
HiRose 350, 382
histogram 361
1D 511–512, 541–542, 557
cumulative 511, 557
maximum 541–542
minimum 541–542
peak 541–542

2D 515
hit-or-miss opening 570
hit-or-miss transform 568–569, 572
HMI, see human machine interface

699
hole accumulation diode 325
homocentric pencil 180, 185
homogeneity 253
homogeneous coordinates 533, 534
homogeneous lighting 151
horizon line 223
Horizontal Synchronization (Hsync)

pulse 437
HSL color space 500
Hsync signal 439
HTTP, see interface, network 699
Huber weight function 605
human machine interfaces 34, 735,

745–747, 749, 750
human perception 119
100-pin SCSI connector 443
hyper acuity 25
hyper centric perspective 226
hyper column 23
hyper focal depth, near limit 217
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hyper focal distance 217
hyper polarization 13, 14
hypothesize-and-test paradigm 661
hysteresis thresholding 592–593

i
ICP 756, 757, 768
ideal lens transformation 242
idealized impulse 253
IEEE 1394, see interface, IEEE 1394,

699
IEEE 1394 (FireWire) (Legacy) 442
IEEE 1394 for machine vision 445
IIDC 371, 378
IIDC Isochronous video packet 448
IIDC2 standard 434
IIoT 716, 730, 735, 793–795
illuminances 110, 111, 113, 169
at image sensor 114
choice of 44, 52, 58
component 67

imaging equations 195
general 198
Newtonian 197

imaging optics 134
images 505–506 see also data, images,

699
acquisition time 34
binary 507, 549, 552, 561, 563, 567,

573
bit depth 506
circle diameter 211, 256
complement 576
construction, graphical 195
domain, see region of interest 690
edges 37
enhancement 509–527
function 506–507
gray value 506
scaling 510
transformation 510–512

gray value normalization 511–512
robust 511–512, 676

label 507, 549
multichannel 506
noise, see noise 690
orientation 186

plane 632, 636, 637, 639
processing library 53, 385
pyramid 649–652, 670
quality 49, 277
real 187
rectification 535, 538, 628–629,

637–638, 673
representation on disk 482, 487
RGB 506
segmentation, see segmentation 690
sensors 409
side focal length 192
single-channel 506
space 191, 200
smoothing 517–527
spatial averaging 519–522
temporal averaging 518–519, 545
transformation 534–539, 544
virtual 187

impact acquire 370
impulse response 238, 241, 242
incandescent emission 76
incandescent lamp 77
incident light (ing) 138, 150, 174
incoherent imaging 243
incoherent light 137
incoherent transmission chain 267
incoming light 93
Industrial Internet of Things, see IIoT

699
industrial lighting 67
Industry 4.0, 716, 730, 735, 793–795
Industry Standard Architecture (ISA)

bus 463
information interfaces 56
information theoretical aspect 252
Infrared Light (IR) 70, 322, 325, 340,

341, 348, 355
cut filter 348, 355
suppression filter 128

inhomogeneous coordinates 533, 534
INL 357
inline tubing inspection 55
input 382
inspection, see evaluation, inspection

699
inspection protocol 56



Index 819

installation space 56
integration time 14, 17
intelligent camera, see systems, compact

systems 699
intensity distribution near focus 246
interface
comparison 396
digital I/O 728, 729, 732–734
Ethernet 727–729, 733–735, 737,

751, 783
field bus 728, 729, 733–735
files 736
hand shaking 737, 739, 783
multi threading 737, 738
network 734
real-time Ethernet 735
serial 733
USB 727–729, 734

interference filter 125
interfering lighting 46
interior orientation 614–626
accuracy 629–631
camera constant, see interior

orientation, camera constant
690

camera coordinate system 615–616,
618–620, 633

camera motion vector 618
distortion coefficient (division model)

616–631, 632, 636
distortion coefficients (polynomial

model) 616, 618, 632
focal length 614–615, 632
image plane coordinate system 616,

620
image plane system 618, 620
pixel size 618, 620, 632
principal distance 614–616, 620,

629–631, 632
principal point 618, 620, 629–632
projection center 614, 632, 633, 635,

637
interlaced 321–324, 345, 350, 351
scan 321, 322
transfer 321
video transfer 436

intermediate pupil 208

International System of Units 110
interpolation 359, 367, 380
bilinear 536–537, 550, 584
nearest-neighbor 535, 584

interrupt moderation 379
interrupt service routine (ISR) 478
intersection 561
invariant moments 555
IoT 709
irregular diffuse reflection 93
irregular diffuse transmission 97
ISO 361
ISO9001:2000 70
Isochronous 378
isoplanasie condition 256
isoplanatic region 256
Iterative Closest Point, see ICP 699
iteratively reweighted least-squares

605

j
jitter 318, 371, 375, 377
job-shop production, see production,

job-shop 699
Journaling Flash File System (JFFS /

JFFS2) 407
JPEG 318
jumbo packets 361, 379
junction 509

k
Keplerian telescope 230
kernel, see convolution, kernel and

support vectormachine, kernel
690

knee 328–331
koniocellular pathway 21, 24
kT/C noise 349

l
label image 507, 549
labeling 549
LabVIEW 475
LAG 379
Lambert radiator 116, 136
Lanser filter 591, 597
edge accuracy 597
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Lanser filter (contd.)
edge precision 597

Laplacian 582, 594–596
laser 76, 85
laser protection classes 85
latency 362, 367, 368, 371, 375, 377,

395
law of reflection 181
law of refraction 181, 183
LCD inspection 462
L cone 10, 24, 26
LED lights 45, 76, 82
lens
aperture stop 514
design 41, 52, 58
diameter 43
extension 43
f -number 514
magnification factor 618
quality 43
vignetting 513

lens aberrations
astigmatism 600
chromatic aberration 600
coma 600
distortion 600, 616–618, 620
barrel 616–618, 620
pincushion 616–618, 620

LGN, see lateral genicalate nucleus 17,
18, 21

LIDAR 760, 770
lifetime 77–80, 82, 84, 86, 357
light 70, 179
color 101
deflection 175
distribution 115
emitting diode 82
filter 121
guides 337
infrared 70
perception 73
propagation 71
ray 71, 179
shielding 721, 722
source 76
life-span 723
wavelength 723

ultraviolet 70
visible 70

light-slit method 147
lighting control 163
lighting systematic 135
lighting technique 131, 135
lighting with through-camera view

149
line
frequency 744, 745
fitting 603–606
outlier suppression 604–606
robust 604–606

Hessian normalform 603
line jitter 597
scan 320, 441
scan camera 39, 614, 618–622, 628
sensor 319, 614
spread function 264

linea camera model 212
linearity 357, 387, 388
linear system 253
line-scan processing 743
line spread function (LSF) 278
link aggregation grouping 379
Linux®kernel 407
local deformation 672
Lommel functions 244, 245
long-wavelength pass filter (LWP) 125
look-up table (LUT) 362–364, 497,

510, 514
low-pass filter 260
low-voltage differential signaling

(LVDS) 330, 384
luminance 110, 351
channel 21, 24
distribution 116
indicatrix 116
of the object 113

luminescence radiator 76
luminous efficiency 76
luminous intensity 110
LUT, see look-up table 690

m
M12 355, 382
machine learning 793
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machine vision 317, 324
acquisition architectures 431
hardware 134
software 134
system 31, 32
accuracy 34
color space conversion 499

designing desi 36
different part types types 33
image reconstruction 491
look-up table 497
memory handling 494

part presentation perf 33
parts 33
region of interest 499
shading correction 501

task and benefit 32
time performance 34
timing and triggering 492

magnification factor 618
magnification ratio 186
magnocellular pathway 21, 24
maintenance modus 48
major axis 553–554, 557, 559, 560,

603, 605
manufacturing tolerances 284
marginal ray 207
mass production, see production, mass

699
material flow 701
mathematical operator 253
maximum filter, see morphology, gray

value, dilation 690
maximum likelihood estimator 680
maximum transmission unit (MTU)

361, 375, 378
M cone 10, 24, 26
MDR connector 443
mean filter 519–522, 526, 538, 543,

584, 649
frequency response 523–524, 528,

650
mean squared edge distance 655–656
measurement accuracy 38
measuring error 159
median filter 526–527, 543
mesh 757

metal vapor lamp 78
Microlens 325
minimum filter, see morphology, gray

value, erosion 690
Minkowski addition 562–564, 567,

575–576
Minkowski subtraction 565, 567, 576
minor axis 553–554, 557, 559, 560, 603
mirror 175
miscellaneous points 41
missing codes 357
modulation transfer function (MTF) 6,

17, 281
semiconductor imaging device 265

Moiré pattern 7
moments 552–555, 557–559
invariant 555

monitoring, see evaluation, monitoring
699

monochromatic aberration 10
monochromatic light 82, 85, 101
monocular images 758, 762
morphological adaptation 10
morphology 560–578, 672
duality
dilation–erosion 567, 576
hit-or-miss transform 569
opening–closing 571, 577

gray value
closing 577
complement 576
dilation 576
erosion 576
gradient 577–578
Minkowski addition 575–576
Minkowski subtraction 576
opening 577
range 577–578

region 561–575
boundary 567–568
closing 571
complement 561–562
difference 561
dilation 562–565, 567–568, 594
distance transform 573–575, 655,
657

erosion 565–568
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morphology (contd.)
hit-or-miss opening 570
hit-or-miss transform 568–569,
572

intersection 561
Minkowski addition 562–564,
567

Minkowski subtraction 565, 567
opening 569–571
skeleton 571–573
translation 562
transposition 562
union 561

structuring element 562, 568, 575,
576

motional blurring 121, 169
motion blur 704, 739–742
computation 741, 742

motion sensitivity 3, 21
movements 720, 726, 739, 740, 751,

783
adjustment 720
changeover 720, 722
process 720

MPEG 318
multi-coated lens 126
multi-core 710, 713
multi-drop bus configuration 465
multi-tap 324
MultiMediaCard (MMC) 407
multithreading, see interface,

multithreading 699
mvPropView 329
MVTec’s Embedded HALCON 414
myopia 3

n
National Instruments Compact Vision

System (NI CVS) 52
National Television Systems Committee

(NTSC) 435
natural light 107
natural vignetting 114, 283
near cells 25
near limit 217
near point 214
negative principal points 198

neighborhood 548–549, 568, 573
neural network 681–685, 688–689
activation function
hyperbolictangent 683
logistic 683
sigmoid 683–684
softmax 684
threshold 682, 683

multilayer perceptron 682–685,
688–689

training 684–685
single-layer perceptron 681–682
universal approximator 683, 684

neutral density filter 125, 129
neutral filter 129
noise 330, 334–336, 338, 347–349,

357, 366, 386, 387, 391–393,
517–518

floor 393
suppression 518–527
variance 517, 519, 520, 525, 584, 597

nondestructive overlays 490
nonhomogeneous illumination scenes

47
non-maximum suppression 580, 587,

591–592
normal distribution 680
normalized cross-correlation 640,

646–648
normalized moments 552–553, 557,

560, 603, 605
null direction 20
numerical aperture 210
image side 229

Nyquist bandpass 272
Nyquist frequency 277, 281, 529
Nyquist limit 7
Nyquist sampling theorem 269

o
object
virtual 187
field angle 202
field stop 209
plane 138
recognition, see applications 699
side field angle 210
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side focal length 192
side telecentric perspective 226
side telecentric system 228
space 191, 200

object-side field angle 202
obliquity factor 238
occlusion 654, 657, 661, 668
OCR, see optical character recognition

690
ocular dominance column 23
OmniVision 337
ON and OFF channels 18
one-chip 359
1-D 319
one-dimensional representation 262
1/f noise 392
OneShot 375
on-the-go (OTG) interface 412
OPC Unified Architecture 735, 738 see

also OPC UA, 699
opening 569–571, 577
Open Source Automation Development

Lab (OSADL) 408
“Open Source Computer Vision”

(OpenCV) 416
operating system 41
optical axis 3, 185
eye 3

optical character recognition 512, 532,
533, 552, 672–690

character segmentation 672–673
touching characters 673

classification, see classification 690
features 674–676
image rectification 535, 538, 673

optical density 123
optical path difference 240
optical path length 123
optical transfer function (OTF) 260
multiplication rule 276

optic nerve 10–12, 27
head 3

optimum setup 45
orientation 553–555, 557, 560
exterior 601, 615–616, 620, 623–626
world coordinate system
615–616, 620

column 23
interior 601, 614–626, 632
accuracy 629–631
camera constant, see orientation,
interior, principal distance 690

camera coordinate system
615–616, 618–620, 633

camera motion vector 618
distortion coefficient (division
model) 616–631, 632, 636

distortion coefficients (polynomial
model) 616, 618, 632

focal length 614–615, 632
image plane coordinate system
616, 620

image plane system 618, 620
pixel size 618, 620, 632
principal distance 614–616, 620,
629–631, 632

principal point 618, 620, 629–632
projection center 614, 632, 633,
635, 637

relative 632, 633
base 633
base line 635

outlier 602, 604
outlier suppression 604–607, 609
Huberweight function 605
iteratively reweighted least-squares

605
random sample consensus 606
RANSAC 606
Tukey weight function 605

output 382
overtemperature 88

p
parallax 25
parallel capturing 742
parallel digital camera buses 439
parallel digital connectors 441
parallel lighting 137
parallel offset 124
parameter data, see data, parameters

699
paraxial region 185
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part handling, see production, part
handling 699

partial bright field illumination 139
parvocellular pathway 21, 24
pattern recognition 790
PC-based systems, see systems,

PC-based 699
PCI/CompactPCI/PXI 464
PCI Express/CompactPCI Express/PXI

Express 467
PCI-X 466
Peripheral Component Interconnect

(PCI) bus 464
permissible defocusing tolerance 247
permissible size for the circle of

confusion 218
perspective 219
transformation 533–534, 538, 672,

673
PFNC 378, 380
pharoid ray 207
phase-lock loop (PLL) 350
photogrammetry 291
photometric inverse square law 111
photometric quantity 110
photon 12, 14, 71
counter 23
noise 16, 19, 391
shot noise 366, 386
transfer 387, 388
receptor 1, 3, 6, 7, 11, 12, 23, 25, 26
response non uniformity 392

Photo Response Non Uniformity
(PRNU) 392

phototransduction 12, 26
photovoltaic effect 328
pick-and-place 766–767, 771
pinhole camera 181, 221, 614–618,

627–628
projectioncenter 614, 632, 633, 635,

637
pinning, cameras 718
pipelined global shutter 334
pixels 265, 267, 318–326, 328–332,

334–338, 345, 347, 349, 351, 357,
359, 363, 365–368, 371, 375, 378,
380, 384, 386, 391, 392, 505–506

clock signal 439
internal sensor 38
rate 40
resolution, calculation of 39
sensitivity function 265

plane wave 237
PLC cycle 737
PLS 335, 336
point cloud 754–757, 768
point spread extension 250
point spread function (PSF) 256
Poisson distribution 391
Poisson statistics 14
polar coordinates 538
polarization 107
effect of 44
filter 125, 130
phenomena 236

polarized light 107
circular 107
elliptical 107
linear 107
unpolarized 107

polarizer 107
polar transformation 538–539, 673
polygonal approximation 609–611
Ramer algorithm 610–611

pose 532, 615–616, 620, 644, 672, 702
recognition 766

position recognition, see applications,
position recognition 699

position variation 718
Power-over-Ethernet (PoE) 355, 375,

381, 382, 396
power supply 726, 727, 773
uninterruptible 727

precision 596, 724
edge angle 661
edges 596–597
hardwarer equirements 597

preferred direction 19, 20, 22, 27
Pregius 336, 382
presynaptic 13
Prewitt filter 589
primary colors 351, 359, 360, 367
principle of triangulation 146
principal plane 190
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image side 190
object side 190

principal point 618, 620, 629–632
principal ray 207
print inspection 544–548
prism 175
processing load 41
processing parameters 48
processing speed 56
processing time 119
production
batch 703
continuous 703, 704, 738, 740
continuous motion 737, 740
cycle time 739, 778
discrete motion 738, 745
discrete unit 703, 740
job-shop 704
mass 703, 704
part handling 739

programmable logic controller (PLC)
715, 730, 732–735, 737, 748–750,
786

progressive scan 321, 324, 344, 345
video 437

projection 159
center 182, 212, 213, 222, 614, 632,

633, 635, 637
projective transformation 182,

533–534, 538, 644, 672, 673
PropView 363, 370
pulse-duty-factor 84, 90
pulse mode 167
pupil 3, 10, 12, 27
function 243
magnification ratio 200, 211, 234

q
quantization noise 392

r
radial spatial frequency 264
radiant intensity 110
radii of curvature 192
radiometric camera calibration

512–517, 600
calibration target 513

chart-based 513
chart-less 514–517
defining equation 514

gamma response function 513, 516
inverse response function 514
discretization 514, 515
normalization 515, 516
polynomial 516
smoothness constraint 516

response function 513, 514, 516
radiometric quantity 110
Ramer algorithm 610–611
rank filter 527, 576
rapid-prototyping 711
RAW 367, 368, 380
RBG to YUV 370
real object 187
real-time 714
operating systems 408

receptive field 17–22, 27
recipes, see data, type data 699
reciprocity equation 196
recognition, see evaluation, recognition

699
reduced coordinates 244
reflectance 92, 98, 111
reflection 92, 179
directed 93
irregular diffuse 93
regular diffuse 93
law 92

refraction 100, 179
law 72

refractive index 183
region 506–508
as binary image 507, 549, 552, 561,

563, 567, 573
boundary 556, 567–568
characteristic function 507, 557, 575
complement 561–562
connected components 548–549,

672
convex hull 555–556
definition 506
difference 561
feature, see features, region 690
intersection 561
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region (contd.)
run-length representation 507–508,

549, 552, 561, 563, 573
translation 562
transposition 562
union 561

regions of interest (ROIs) 47, 506, 532,
534, 565, 575, 594, 645

registration 756, 772
regression testing 793
regular diffuse reflection 93
relative illumination 283
relative irradiance 283
relative orientation 632, 633
base 633
base line 635

remote maintenance 751, 793
removal of surface reflexes 108
repeatability, see precision 690
representation space 258
reproducibility 718, 722, 723
reserved signal 450
reset noise 392
resolution 319, 323, 324, 338, 343, 351,

354, 359
limit 281
resolution 336, 338–340, 342

result data, see data, results 699
retina 2, 3, 6, 11, 12, 19, 26, 27
reverse engineering 768
RGB cameras 438
RGB color space 500
rhodopsin 14
rigid transformation 615, 644, 653,

662, 672
ring acquisition 481
ring light 149
rivet image 54
RJ-45 Ethernet connector 455
robot 700
assistant 700
collaborative 795
navigation 770

rod photoreceptor 12
rods 6, 12, 14, 16, 18, 26
ROI, see region of interest 690

rolling (curtain) shutter 332
rotary encoders 372
rotation 533, 535, 555, 644, 653, 673
RS-170 video standard 437
RS-232 382, see also interface, serial,

699
RS-422 345, 441
RS-644 Low Voltage Differential

Signaling (LVDS) 441
R-table 660
run-length encoding 507–508, 549,

552, 561, 563, 573

s
sampling interval 6
sampling theorem 7
saturation 12, 26, 119, 335, 388, 391
scaling 533, 537–538, 555, 644, 654
scan camera 36
scan cycle 737
scattering 92
Scheduled Action Command 377
S cone 10, 24
secondary wavelet 235
Secure Digital (SD) 407
security, see systems, security 699
segmentation 540–552
connected components 548–549,

672
dynamic thresholding 542–544,

577, 672
hysteresis thresholding 592–593
subpixel-precise thresholding

550–552, 595
thresholding 540–542, 672
automatic threshold selection
541–542, 672

variation model 544–548
self-adjustment 793
self-retooling 793
sensitivity 338, 393
sensor 319, 339, 340, 342, 344, 369,

375, 382, 505–506
resolution 43, 52
size 43

sequencer 374
sequences 372
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acquisition 480
SG-pulse 345
shading correction 365
shading images 365
Shannon 7
shape-based matching 667–671
shape check, see applications, shape

check 699
shifting property 254
shift register 322, 324, 326, 345
shift theorem 275
short-wavelength pass filter 125
shutter 318, 321–323, 326, 331–337,

345, 349, 350, 371
efficiency 335
speed 742
time 120, 170

signal
bandwidth 727, 728, 750, 751
frequency 727, 728, 744, 745, 786

signal-to-noise ratio 357, 393, 586,
597, 661

similarity measure 644–649, 668–670
absolute sum of normalized dot

products 669
normalized cross-correlation 640,

646–648
sum of absolute gray value differences

640, 645–648
sum of absolute normalized dot

products 669
sum of normalized dot products 669
sum of squared gray value differences

640, 645–646
sum of unnormalized dot products

668–669
similarity transformation 644, 653, 662
simple cells 22
simultaneous location and mapping, see

SLAM 699
62-pin high-density DSUB connector

443
skeleton 571–573
skew 533
SLAM 770
slant 533
slope, see gradient 699

smallest enclosing circle 555, 560
smallest enclosing rectangle 555, 560,

675
smart cameras, 41, see systems, compact

systems 699
applications 403
block diagram 404
cross-compiling 414
definition 401
design parameters 403
field buses 411
FPGA processing 406
image sensors 409
ingress protection 417
Java and .NET 414
memory and storage 407
on-the-go interface 412
power dissipation 416
processors 404
real-time operating systems 408
scripting 413
third-party tools 416
timers and counters 413
updates 409
USB host interface 412
visual programming 415

Smear 326
smoothing filter 517–527
Gaussian 524–526, 538, 542, 543,

586, 591, 649
frequency response 525, 529

mean 519–522, 526, 538, 543, 584,
649

frequency response 523–524,
528, 650

median 526–527, 543
optimal 524–525, 586, 591
spatial averaging 519–522
temporal averaging 518–519, 545

SNR 336, 357, 366, 387, 393, 394
Sobel filter 589
SoC 709, 714, 794
software library software 47
software structure str 47
solid angle 111
solid state disk (SSD) 407
solid state material 83
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SONY HAD 325
SONY SuperHAD 325
space invariance 255
space variant nature of aliasing 274
spatial averaging 519–522
spatial depth 219
spatial domain 528
spatial frequencies 3, 6, 7, 11, 27, 240,

260
components 261

spatial resolution 38, 57
SPC, see statistical process control 699
speckle 137
pattern 85

spectral band 79
spectral opponency 21
spectral response 73, 123
Gaussian filter 525, 529
mean filter 523–524, 528, 650
sensor 505

spectral sensitivity 348, 351, 356, 360
spectral transmittance 283
spectrum 78
spectrum of light 71
spherical aberration 5
spherical wave 237
spikes 16, 17
spontaneous spike activity 17
spurious resolution 6
square pixels 38, 321
stabilization 78
Standard Feature Naming Convention

(SFNC) 371, 378, 434
standardization 708, 715, 716, 723,

730, 791
standardized viewing distance 219
standoff distance 42
static lighting 167
statistical process control 705
statistics engine 361
stereo geometry 632–639
corresponding points 633
disparity 638–639
epipolar line 634
epipolar standard geometry

636–637
epipolar plane 634

epipole 634
image rectification 637–638

stereo matching 639–643
robust 642–643
disparity consistency check 643
excluding weakly textured areas
642–643

similarity measure
normalized cross-correlation 640
sum of squared gray value
differences 640

subpixel-accurate 641–642
window size 642

stereopsis 25, 27
stereo reconstruction 631–643
stochastic process 517, 519
ergodic 520
stationary 517

streaking light 154
Strehl ratio 247
strongly translucent part 161
structured bright field incident light

145
structured lighting 137, 145, 728
structuring element 562, 568, 575, 576
subpixeling 38
subpixel-precise contour 508–509
convex hull 560
features, see features, contour 690

subpixel-precise thresholding
550–552, 595

sub-pixel region 265
SUB pulse 345
sub sampling 338
sum of absolute gray value differences

640, 645–648
sum of absolute normalized dot

products 669
sum of normalized dot products 669
sum of squared gray value differences

640, 645–646
sum of unnormalized dot products

668–669
superdiffuse ring lights and shadow-free

lighting 150
Super HAD 325
superposition integral 238
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support vector machine 685–689
kernel 687
Gaussian radial basis function
687

homogeneous polynomial 687
inhomogeneous polynomial 687
sigmoid 687

margin 686
separating hyperplane 685–686
universal approximator 687

surface inspection, see applications,
surface inspection 699

surface orientation 758
SVGA 338
S-Video 438
SVM, see support vector machine 690
SWP 125
synaptic plasticity 26
synchronization of flash lighting 170
sync pulse 349
system of lenses 202
System of Units (SI) 110
systems
application-package 711, 712
compact systems 709, 710, 714,

727–729, 733
library-based 711
PC-based 709–711, 751, 752
security 709, 711, 751
types of 706–715
vision controllers 710
vision sensors 708, 714, 729, 744

systems-on-chip, see SoC 699

t
tangential spatial frequency 264
taps 440
TCP/IP 35, 728, 729, 733–735, 751,

783, 784
telecentric bright field incident light

143
telecentric bright field transmitted

lighting 158
telecentric camera 614–618, 626–627
telecentric lighting 136, 159
telecentric objective 137
telecentric on axis light 143

telecentric path 44
telecentric perspective 228
telecentric system 219
object side 228

telescope magnification 231
television 317
temperature compensation 166
temperature radiator 76
template matching 544, 643–673
clutter 654, 657, 661, 668
erosion 567
generalized Hough transform

658–661
accumulator array 658, 660, 661
R-table 660

generalized Hough transform
accumulator array 658, 660

geometric hashing 662–663
geometric matching 661–671
Hausdorff distance 656–658
hierarchical search 651–652, 670
hit-or-miss transform 568
hypothesize-and-test paradigm 661
image pyramid 649–652, 670
linear illumination changes 646
matching geometric primitives

663–666
mean squared edge distance

655–656
nonlinear illumination changes 654,

661, 668–669
occlusion 654, 657, 661, 668
opening 569
robust 654–672
rotation 653–654
scaling 653–654
shape-based matching 667–671
similarity measure 644–649,

668–670
absolute sum of normalized dot
products 669

normalized cross-correlation 640,
646–648

sum of absolute gray value
differences 640, 645–648

sum of absolute normalized dot
products 669
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template matching (contd.)
sum of normalized dot products
669

sum of squared gray value
differences 640, 645–646

sum of unnormalized dot products
668, 669

stopping criterion 647–649
normalized cross-correlation 648
sum of absolute gray value
differences 647–648

sum of normalized dot products
670

subpixel-accurate 652–653,
670–671

translation 644–652
temporal averaging 518–519, 545
temporal control 167
test object 91, 134
texture, removal 530–532
TFT 363, 375
thermal noise 14
thicklens
of the lens 192
magnification factor 618

thin films 126
thin lens 193
model 42

1394a 395
1394b 395
3D data acquisition
active 757, 759–764
computer tomography 769
deflectometry 757, 761, 768–770
interferometry 757, 763, 764, 769,

770
laser triangulation 760, 765, 766,

768–771
passive 757–759
photometric stereo 753, 754, 757,

758, 762, 763, 765, 769, 770
shape from disparity 757, 759, 769
shape from focus 757, 758, 769
shape from shading 757, 758, 762,

769
shape from texture 757, 759
sheet of light 760

stereo 753, 757–759, 761, 766,
768–772

structured light 757–761, 768, 769,
771

structure from motion 759
time-of-flight 709, 757, 759, 760,

768, 770, 771
3D reconstruction 631–643
3D-Systems 753, 772
thresholded image 54
thresholding 540–542, 672
automatic threshold selection

541–542, 672
subpixel-precise 550–552, 595

tilt rule 188
timed 371
time-invariant system 255
time response 375
timers 372, 376
time stamp 361, 377
timing signals 437
tolerances 34, 47, 54
topography 147
total reflection 95
traceability 730–732, 736
transfer function 259
of the pixel 267

transformation
affine 532–533, 555, 644, 662, 668
geometric 532–539, 673
gray value 510–512
image 534–539, 544
local deformation 672
perspective 533–534, 538, 672, 673
polar 538–539, 673
projective 533–534, 538, 644, 672,

673
rigid 615, 644, 653, 662, 672
rotation 533, 535, 555, 644, 653, 673
scaling 533, 537–538, 555, 644, 654
similarity 644, 653, 662
skew 533
slant 533
translation 533, 555, 562, 644, 653

Transistor-Transistor Logic (TTL)
signaling 441

translation 533, 555, 562, 644, 653
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transmission 96, 98, 122, 123
chain 267
diffuse 97
directed 97
irregular diffuse 97
through the lens 114

transmittance 96, 111
transmitted lighting 138
transposition 562
triangulation 757–761, 769, 770
trichromatic 24
trigger 371, 703, 704, 707, 719, 720,

737, 741–743, 745
triggering pulse 167
trigger width 371
Tristimulus theory 359
Tukey weight function 605
12-pin Hirose connector 443
2-D 319
2.5D 754, 770
type data, see data, type data 699

u
UBS3 Vision 377
UDP 378
ultra-short light pulse 722
ultraviolet (UV) 70, 106, 348
blocking filter 127
light 106

uninterruptible power supply, see power
supply, uninterruptible 699

union 561
unit production, see production,

discrete unit 699
Universal Asynchronous

Receiver–Transmitter (UART)
450

Universal Serial Bus (USB) 345, 452,
see also interface, USB, 699

host interface 412
for machine vision 454

unpolarized light 107
UPS, see power supply, uninterruptible

699
USB 2.0, 395
USB 3 Vision standards 342, 345, 378,

380, 385, 394–396, 432, 433

USB 3.0, 345, 395, 396
User Datagram Protocol 378
user interface, see human machine

interface 699

v
variable height acquisition (VHA) 494
variance 387, 392
variation model 544–548
VD 350
veiling glare 283
velocity of light 180
ventral stream 22
verification, see evaluation, verification

699
Vertical Synchronization (Vsync) pulse

437
vertices 192
VHDCI connector 443
vibrations 739
Video Graphic Array (VGA) 338, 413
camera 52

video signal 267
vignetting 116, 513
visible light (VIS) 70, 101, 103
vision controllers, see systems, vision

controllers 699
vision sensors, see systems, vision

sensors 699
applications 419
component parts 420
definition 401
description 418
environmental considerations 421
programming and configuring 420

vision system design 399
visual cortex 12, 22, 23, 25
vitreous chamber 2
V (𝜆)-curve 73
Vsync signal 439

w
wave–particle dualism 71
wave equation 179
wavefront
aberration 247
plane 180
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wavefront (contd.)
spherical 180

waveguides 8
wavelength, 183, see light source,

wavelength 699
wave nature of light 235
wave number 237
web server, see interface, network 699
weight function
Huber 605
Tukey 605

WEN 350
white light 103
scanners 312

windows 209
wiring 729, 742
wood effect 106
working distance 123, 717, 718
world coordinates
from single image 601, 626–628

line scan camera 628
pinhole camera 627–628
telecentric camera 626–627

from stereo reconstruction 631–643
the world is grey 361

x
Xenon flash lamp 79, 80
Xilinx Zynq® 405
XML 378

y
Y’CbCr 371
Yet Another Flash File System (YAFFS)

407
YUV 370, 371

z
zero copy mechanism 380
zero-crossing 581, 582, 595










