
Index

abelian. See commutative group
aberration function
of an out-of-focus lens, 33

absorption, 179
absorption meter, 75
adaptive optics, 194
system layout, 194

ADC. See analog to digital converter
additive white Gaussian noise, 230, 232
aerosol, 160, 161, 277
complex refractive index of, 280

Airy, 25
definition of an Airy pattern, 25
disk, 196

amospheric transmittance, 179
amplitude-shift keying, 142
analog to digital converter, 67, 68, 69, 80
Andrews, 184, 185, 190, 197, 199, 210
Andrews/Phillips Strehl ratio, 209
angle-of-arrival tilt variance, 200
definition of, 200

angular spreading, 251
angular tracking error, 243
annual Korean turbulence statistics, 183
AO. See adaptive optics
AOptix, 205
APD. See avalanche photo-detectors
apparent optical properties, 254, 262
ASK. See amplitude shift keying
asymmetry factor, 251
definition of, 251, 256

asymptotic radiance attenuation coefficient
definition of, 256

asymptotic radiance distribution for plane wave
illumination

for unbounded medium with uniform scattering and
absorption properites, 256

atmospheric log-amplitude fluctuations. See scintillation
automatic optical gain control, 223
avalanche photo-detectors, 115

average cosine, 82
for the scalar phase function, 256

average probability of error, 59
AWGN. See additive white Gaussian noise

background-noise-limited communications, 250
in the optical scatter channel, 250

backscatter, 160
aerosol, 161
coefficients from Mie theory, 160, 163
return from, 56, 75, 77, 157, 158, 159, 163, 164
volume cross section of, 158

band-limited signals, 14
bandwidth, 16, 102

electrical, 116
for subcarrier, 103
optical, 116

baseband and subcarrier direct detection, 103
BCH, 135
BCH codes, 135
Beacon, 238
beam slew rate, 183
beam wander, 194
Becker, Olsson and Simpson, 115
Beer’s law, 179
Belmonte and Kahn, 230, 231, 232, 234, 235
BER. See bit error rate
binary differential phase shift keying, 232
binary phase modulation, 110
binary phase shift key. See binary

phase modulation
binary signal modulation, 122
binary symmetric channel, 122, 125
bit error rate, 122, 225, 232
black body, 5, 7, 8, 55

law, 7
quantum mechanical equipartition energy, 55
radiation from astronomical sources, 8, 10
theory, 11

block codes, 121
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block coding techniques, 124–135
block encoder, 123
rate, 124
the basic system layout, 123

block error, 274
Boltzmann, 5
Boltzmann’s constant, 102
Bose-Chaudhuri-Hocquenghem. See BCH
BPM. See binary phase modulation
BPSK. See binary phase shift key
branch point, 198
ambiguity of, 198, 199
definition of, 198

Brillouin scattering, 151
BSC. See binary symmetric channel
Bufton model, 185

capacity, xi, 15, 16, 45, 46, 63, 78, 100, 140
definition of, 14
for signal shot-noise communications, 100

capacity theorem, 14
carrier-suppressed return-to-zero, 143
carrier-to-noise ratio, 102
definition of, 102

CDF. See cumulative density function
centroid, 239
of an extended/unresolved target, 238

centroid tracking, 238
postives and negatives, 240

channel coding. See forward error correction
channel effect on the signal, 31
Claude Shannon, 100
CNR. See carrier-to-noise ratio
code book, 126
code word, 121, 123, 125, 128
coding gain, 115, 123
coherent binary communications. See coherent digital optical

communications
coherent digital optical communicaitons, 111
coherent M-PSK, 232
coherent system with amplitude shift keying, 117
collision rate, 273
commutative group, 129
compensation factor, 255
complementary error function, 110
definition of, 110

complex refractive index, 72, 85, 280
conditional probabilities, 122
contrast, 65, 68, 69, 75, 240
definition of, 67
Michelson definition of, 71, 72
Weber definition of, 71, 72

contrast sensitivity
inverse of contrast threshold, 71

contrast threshold, 71
convolutional codes, 139
corner cube, 153, 154, 156, 290

coset or coset array, 130
cosine to the fourth, 37, 38, 39
cosine to the fourth law, 39
covariance, 15
covariance function
definition of, 28
relationship with Karhunen-Loeve expansion, 47
temporal, 29

crossover probability, 122
cross section, 153, 251
extinction, 73
geometric cross section of a particle, 162
isotropic, 154
of a corner cube, 156, 290
of a diamond, 154
of a Lambertian surface, 290
of a mirror, 154
of a target, 152
of the Earth, 4
scattering cross section of an isotropic

molecule, 159
CS-RZ-OOK, 143
cumulative density function, 213
cumulative distribution for cloud optical

thickness, 269
curvature AO system, 195, 197, 198

data rate, 62, 264, 271
David Fried, 193, 217
daytime sky radiance, 8
DBPSK or 2-DPSK. See binary differential phase-shift

keying
deformable mirror, 195
degrees of freedom, 6, 49, 232
spatial, 55
temporal, 51

depth of modulation, 46
detectivity
definition of, 58

diagnostic lidar, 157, 158, 163
differential phase-shift keying, 142, 143, 144, 232
diffraction limited
definition of, 32

diffraction pattern
of a circular aperture, 25–27
of a rectangular aperture, 24

Diffserv QoS capabilities, 227
diffuse, 35, 56, 85, 169, 259
diffuse attenuation coefficient, 92, 254, 256, 257, 268
definition of, 76, 256

diffuse reflection coefficient, 56, 77, 83, 92
definition of, 56, 77

diffuser, 255
diffusion pattern, 256
diffusion regime, 254
diffusion regimes of scattering, 251
diffusion stream
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definition of, 256
diffusion thickness, 85, 252
definition of, 251

dimensions, 7, 14, 19, 20, 32, 42, 48, 50, 51, 73, 104, 105,
154, 155, 290

directional cosines, 20, 22, 23
directional reflectance
definition of, 255

discrete memory-less channel, 121
distance from the Sun to the Earth, 4
DMC. See discrete memory-less channel
downwelling irradiance, 255
downwelling irradiance attenuation coefficients, 256
downwelling radiance, 255, 257
DPSK. See differential phase shift keying
dynamic range, 84, 88, 90, 94, 96, 144, 225
instantaneous, 71
of the eye, 71

EDFA. See erbium-doped fiber amplifier
eigenfunction, 48, 51, 256
eigenvalues, 48, 49, 50, 256
EKF. See extended Kalman filter
electric field, 2
electrical signal-to-noise ratio, 99, 101, 103, 116, 117, 118,

121
backround-limited operation, 102
for homodyne detection receivers, 108
for multi-mode heterodyne receivers, 107

emissivity
definition of, 56

energy, 2, 6, 15
energy per bit per unilateral spectral noise density, 99, 100
definition of, 100

entropy, 1, 11, 12, 13, 30
erbium-doped fiber amplifier, 115, 223
extended Kalman filter, 241
eye, 71, 72, 79, 80, 86, 91
safety requirements, 151, 212

eye diagram, 235

FASCODE, 180
FEC. See forward error correction
fiber optic communications, 179
field of view, 5, 7, 51, 85, 108
First Law of Thermodynamics, 1, 43
first order Bessel function, 25
flatness, 155, 156, 157, 290
FM. See frequency modulation
FM modulation index, 103
F-number of the lens, 32
FOC. See fiber optic communications
FOCAL. See Free-Space Optical Communications Airborne

Link
forward error correction, 115, 121, 144, 218, 219, 223, 225,

267, 273
applied to the turbulent channel, 121

FOV. See field of view
FOVpixel. See pixel field of view
frame, 113
Fraunhofer, 211
Fraunhofer approximation, 22–28
Fraunhofer spreading loss

definition of, 211
free space optical communications, 115, 179
Free-Space Optical Communications Airborne

Link, 218
frequency modulation, 112
frequency shift keying, 111
Fresnel approximation, 21
Fresnel distance, 212
Fresnel length from diffraction theory. See Fresnel distance
Fresnel-Kirckhoff approximation, 48
Fresnel-Kirkoff diffraction, 19

solution to, 21
Fried parameter, 182, 184, 201, 205, 211,

217, 218
definition for spherical waves, 190
definition of, 189

FSK. See frequency shift key
FSL. See Fraunhofer spreading loss
FSOC. See free-space optical communications. See free space

optical communications pointing, acquisition and
tracking for

FSOC link budget, 210, 214

gain, 66
definition of, 3

Galois field, 135
gate, 239

definition of, 238
Gaussian distribution, 257
Gaussian noise, 15
Gaussian random process, 266
generator matrix, 127

for a Hamming (7, 4) code, 131
transpose of, 127

geometical optics
Lambertian source analysis, 35–39

glint. See specular reflection
global positioning system, 152, 174, 175, 236
GPS/INS. See global positioning system and inertial

navigation system
Green’s theorem, 19
Greenwood frequency, 190

definition of, 190
Greenwood time constant, 190

definition of, 190
group, 129

definition of, 129
group theory, 126, 129

Hamming code, 121
Hamming distance, 125, 129
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Harald T. Friis, 211
Helmholtz equation, 19
heterodyne detection receivers, 103–108
heterodyne efficiency
in turbulence, 193

higher order aberrations, 194
histogram, 86, 88, 94
equalization, 88

HITRAN, 180
homodyne detection receivers, 108
homodyne PSK, 230
Hufnagle-Andrews-Phillips model, 184, 205, 207
Hufnagle-Valley 5/7 model, 182
Hufnagle-Valley model, 214
Huygens wavelets, 21
Huygens-Fresnel-Kirchoff integral, 23
HV. See Hufnagle-Valley 5/7 model
HV 5/7. See Hufnagle-Valley 5/7 model
HV 5/7 vertical profile for wind speed, 183
hybrid optical-RF network, 227

ideal gas law, 6
IM. See intensity modulation
imaginary Bessel function, 60
imaging through a brownout, 94. See Figure Web-10
imaging through a fog bank, 94. See Figure Web-11
imaging through smoke, 94. See Figure Web-9
imperfections, 155–156
impulse response. See point spread function
inclinometer, 157, 174
incomplete gamma function, 109
definition, 109

index of refraction, 181
inertial navigation system, 236
information, xi, xii, xiv, xvii, 1, 13, 15, 17, 61, 64, 65, 78, 80,

99, 100, 104, 112, 121, 122, 124, 128, 135, 136, 140,
141, 144, 151, 153, 157, 180, 194, 229, 229, 238, 263,
273

amount of energy to transmit an information bit, 16
choice of base, 14
content of an image, 78

information theory, xi
inherent contrast, 65, 66
inherent optical properties, 249, 256, 262
inner scale of the turbulence, 180, 192
instantaneous field of view, 32, 54
intensity modulation, 109
intensity threshold, 239
binary, 239
intensity Type I, 239
intensity Type II, 239

interleaving, 219
inter-platform communications manager, 227
inter-symbol interference, 146, 234
interweaving, 218
inversion parameter, 116
IP. See internet protocol

IPCM, 227, 237. See Inter-PlatformCommunicationsManager
irradiance, 2, 28, 34, 39
of the Sun, 4, 7

irradiance attenuation coefficients, 255
irradiance ratio, 255
ISI. See inter-symbol interference
isoplanatic angle, 182, 184, 190
definition of, 190

isotropic, 3
isotropic scattering, 257
IXIA, 229

Jacobian, 4
James Clerk Maxwell, 2
Jeans. See Rayleigh-Jeans
Jerlov water types, 257
Type I, IA, IB, II and III, 257

John W. Hardy, 194
Johns Hopkins University Applied Physics Laboratory, 205
Johnson noise, 115
Juan Juarez, 207, 218, 223

Karhunen-Loeve analysis, 47, 50
Kennedy, 249
Kirchoff diffraction theory, 19–21
Kirkhoff-Fresnel solution, 19
Kolmogorov, 180, 181, 231

l’Hopital’s rule, 24
Lambertian, 35, 37, 82, 153, 250, 251
Lamberts’ law, 36
LAP. See local area processing
laser dead time, 264
laser frequency linewidth, 116
lateral coherence distance in turbulence. See Fried parameter
law of cosines, 187
law of sines and cosines, 187
Legendre polynomials, 72
lens law, 32
lidar ratio, 160
linear transmission channel, 30–31
load resistor, 102
local area processing, 66
low-density parity-check codes, 139
LOWTRAN, 180
lunar irradiance
relationship to solar irradiance, 269

magnetic field, 2
Manchester code, 60
Manchester encoding, 123
MANET. See Mobile Ad hoc Network
manhole effect, 163, 250
Marcum Q function, 112
definition, 112

maritime aerosol model, 180
maximal ratio combining, 232
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maximum likelihood decoding
for a binary symmetric channel, 125

maximum likelihood function, 58
Maxwell’s equations, xi, 1, 2, 19, 72
MCF. See mutual coherence function
Michael C. Roggemann, 194
Mie scattering, 249
Mie theory, 72–75
absorption cross section, 73–73
definition of the Mie parameter, 72
definition of single scatter albedo, 73
definition of total concentration of particles, 74
density of particles, 73
extinction cross section ii, 73
extinction efficiency, 73
Mie coefficients, 72
normalized scattering phase function, 73
parallel component of the scattered field, 72
particle size distirbution, 73
perpendicular component of the scattered field, 72
scattering cross section ii, 73

minimum resolvable spot, 32
MIT Lincoln Laboratory, 218
Mobile Ad hoc Network, 227
definiition of, 227

modified Bessel function of the first kind, 231
modified von Karmon spectrum, 182
MODTRAN, 180
modulation transfer function, 189
Monte Carlo simulations, 75, 163, 251, 252, 257, 259
MRC. See maximal ratio combining
MTF. See modulation transfer function
multi-path time spreading. See temporal spreading
mutual coherence function, xiv, 28, 29, 31, 94
coherence separable definition, 28
coherence separability, 47
definition of, 28
for forward scattering approximation, 75
homogeneous definition, 28
relationship to covarience function, 28
wide-sense stationary definition, 28

narrow field of view, 236
NEP. See noise equivalent power
network stack, 227
NFOV. See narrow field of view
nighttime sky radiance, 10
noise equivalent power, 58
noise power, 14, 16, 57, 99, 268
Noll, 202, 210, 231
non-binary BCH codes. See Reed-Solomon coding
non-central chi-squared distribution, 231, 232
non-return-to-zero, 141, 146, 147, 148
definition of, 142

normalized received power for an underwater receiver, 258
NRZ. See non-return-to-zero
NRZ-DPSK, 142

NRZ-OOK, 142, 224, 225
Nyquist, 13, 14
Nyquist sampling, 211, 212

OAGC. See optical automatic gain control
on-off keying, 108, 122, 142, 143
OOK. See on-off keying
optical automatic gain control, 144, 224, 225
optical communications over the horizon, 277

multiple scatter model, 277
particulate single scatter model, 277
transmittance, 277

optical diversity, 218
optical ducting, 277
optical modem, 221–227
optical RF communications adjunct, 210
optical signal-to-noise ratio, 118, 119, 142, 223, 225
optical thickness, 85, 161, 251, 252, 253, 269
optical transfer function, 33, 34, 35, 94
OSNR(t) or OSNR. See optical signal-to-noise ratio
OTF, xvi, 33, 94, 189. See optical transfer function
outer scale of the turbulence, 180, 192

packet error rate, 227
parallel concatenated convolutional code, 140
parity check, 124

codes, 124
digits, 124
matrix, 127

Parseval’s theorem, 45, 79
PAT. See pointing acquisition and tracking
PCLNWIN, 180
PCM. See pulse code modulation
peak power detection, 112, 263
percent relative humidity, 280
permeability, 2
permittivity, 2
phase conjugation, 195
phase management feed-forward carrier phase estimation,

236
phase-shift keying, 111, 232
phase variations, 231
Phillips, 184, 190, 197, 199, 210
photo-electron, 57
photo-electrons per bit, 234
physical thickness, 85, 251, 269
PIB. See power in the bucket
PIF. See power in the fiber
PIN photo-detectors, 115
pixel field of view. See instantaneous field fo view
Planck, 7, 8
Planck’s constant, 102
plane wave coherence radius, 189
point source coherence function, 31
point spread function, 35, 183, 189, 203

of a particulate scattering medium, 163
pointing, acquisition and tracking, 236–244

Index 299

Cambridge University Press
978-1-107-02139-6 - Fundamentals of Electro-Optic Systems Design: Communications, Lidar, and Imaging
Sherman Karp and Larry B. Stotts
Index
More information

www.cambridge.org© in this web service Cambridge University Press

http://www.cambridge.org/9781107021396
http://www.cambridge.org
http://www.cambridge.org


Poisson, 43
counting, 58, 283, 284
distribution, 41
noise, 60
probability density function for, 78
process, 78, 283

Poisson statistics, 59
power, 4
power in the bucket, 195, 197, 205, 213, 217, 218
definition of, 213

power in the fiber, 195, 196, 205, 213, 217, 218
definition of, 213

power out of the fiber, 223
definition of, 224

power spectral density, 15, 45, 57, 64, 66
white noise, 16

power spectrum, 181
for turbulence, 181

PPM. See pulse position modulation
PRF. See pulse repetition frequency
probability density function, 231, 232
of scattering, 73

probability of a word decoding error
for a group code, 134

probability of bit error, 99, 102, 266
for binary AM subcarrier IM communications, 111
for binary phase shift key, 110
for binary pulse PPM, 113
for block code, or M-ary, PPM, 113
for intensity- and frequency-modulated heterodyne

detection systems, 112
for intensity modulation / OOK, 109
for PPM direct detection communications, 113
for signal-shot-noise-limited PPM, 113
for thermal noise-limited PPM communications, 113
relationship to probability of symbol error, 266
relationship with probability of word error, 62

probability of error, 275
probability of symbol error, 266
for an RS (n,k) code, 273
in PPM, 266
relationship to probabilty of bit error, 266

probability of word error, 61
relationship with probability of bit error, 62

PSD. See power spectral density
PSK. See phase shift key
pulse amplitude modulation, 232
pulse code modulation receivers, 108–110
pulse position modulation, 61, 112–113, 230, 263, 273
frame, 263
slot width, 264
slots, 263

pulse repetition frequency, 113, 268, 269, 271

QAM. See quadrature amplitude modulation
quadrature amplitude modulation, 232
quantum efficiency, 42, 43, 294

quantum mechanical equipartition energy, 7
quantum-limited. See Signal Shot-Noise Limit
quantum-limited communications
in the optical scatter channel, 250

radiance, 2
radiance distribution
at depth, 255

radiant emittance, 2, 4. See radiant exitance
radiant energy, 2
radiant exitance, 2
radiant flux, 2
radiant intensity, 2, 4, 55, 56
radiant power. See radiant flux
radiation transfer by atmospheric aerosols, 277
radiative transfer equation
solution in the small-angle scattering approximation, 277

radiative transport equation
irradiance at depth solution, 262
solution in the small-angle scattering limit, 260

radio frequency (RF) communications, 179
radius of the Earth, 280
Raman scattering, 151, 158, 161, 163
range equation, xv, 3, 27, 28, 72, 152, 153, 158, 160
range height indicator, 162
Rayleigh, 6, 27
distribution, 95
scattering, 73, 151, 158

Rayleigh range, 211, 214
definition of, 211

Rayleigh-Jeans law, 6, 7
received radiance at depth
as a function of angle of incidence, 259

receiver field-of-view in water, 259
receiver sensitivity, 115
definition of, 100
for coded M-ary orthogonal modulation, 144
for quantum-limited systems, 144

receiver temperature, 102
redistribution function, 256
definition of, 256

Reed-Solomon
coding, 135–138

Reed-Solomon, 121, 219, 224, 225, 274, 275
Reed-Solomon codes, 136, 145
burst noise, 138

reflectance of a water column, 255
refractive index covariance function, 181
refractive index structure function, 181
definition of, 181

refractive index structure parameter, 181, 182, 184, 185, 214,
218

relationship between frequency and wavelength, 5
relationship between the bit error and symbol error

probabilities, 137
for M-ary frequency shift keying, 137

resolution, 40, 56, 80, 151
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bits of, 68, 80, 87
retarded time, 2
return-to-zero, 141, 146, 147
definition of, 141

Ricean distribution, 95
Richard Hamming, 121
RMS scatter angle, 85, 287
definition of, 256

Robert K. Tyson, 194
Roddier, 201, 210
Roddier Strehl ratio, 209
roughness, 153, 155, 156, 157, 290
R-S. See Reed-Solomon coding
rural aerosol model, 180
Rytov Number, 191, 198, 199
definition of, 191

Rytov variance, 191
RZ. See return-to-zero
RZ DPSK, 142
RZ-DPSK, 142, 143, 145
RZ-OOK, 142

Sackur-Tetrode equation, 11
saturation regime, 194
definition of, 192

scalar phase function, 251, 256, 281
scattering, 179
scattering length, 253
scintillation, 192
Secchi depth, 75
Secchi disc, 74
Second Law of Thermodynamics, xi, 1
self-referencing interferometer, 199
self-referencing interferometric AO system, 197, 199
Shack-Hartmann AO system, 197
Shannon, 14, 63, 121, 122
Shannon limit, 267
Shannon’s theorem, 15
Shannon-limited SNR, 144
short-wave infrared, 236
Siebert Q. Duntley, 75, 80, 81, 84
signal carrier frequency, 103
signal power, 14, 15, 57, 58, 69, 80, 83, 99, 108,

148, 273
signal shot-noise limit, 102, 103, 115
signal-signal beat noise, 115
signal-spontaneous beat noise, 115, 117
signal-to-noise ratio, xii, 15, 30, 44, 46, 57, 58, 64, 65, 66, 67,

68, 69, 75, 94, 99, 100, 108, 116, 118, 170, 172, 225,
231, 239

electrical. See electrical signal-to-noise ratio
for baseband and subcarrier direct detection

receivers, 103
for digital PPM, 101
in the quantum limit, 45
in the signal and background shot noise limit, 268
In the signal shot-noise limit, 99

instantaneous received SNR per bit, 230
of a lidar system, 156
optical. See optical signal-to-noise ratio
Shannon definition of, 63

single-scatter albedo, 250, 253, 256
slot, 113
SNR. See signal to noise ratio
soft tissue imaging in X-rays. See Figure Web-8
solar constant, 4, 91
solar irradiance, 269

mid-day value of, 269
spatial coherence, 30
spatial coherence function. See spatial

covariance function
spatial covariance function, 30

definition of, 30
spatial diversity, 218, 219
spatial frequency, 29
spatial intensity, 32
spatial modulation index, 65, 66
spatial spreading, 251

definition of, 251
speckles, 199
spectral, 2
spectral albedo, 10
spectral efficiency, 99, 100–101, 144, 234

definition of, 100
for homodyne receivers, 101
for the Shannon limit, 144

spectral irradiance, 11
spectral radiance, 4, 7, 36, 37, 54

spectral radiant emittance, 11, 36, 37
spectral radiant energy, 3
specular reflection, 154
speed of light, 2
spontaneous-spontaneous beat noise, 115, 117
sp-sp. See spontaneous-spontaneous beat noise
SRI. See self-referencing interferometer
s-sp. See signal-spontaneous beat noise
Stefan-Boltzmann constant, 5
Stefan-Boltzmann law. See Boltzmann
Strehl ratio, 35, 190, 199, 211, 212, 218

alternate calculation, 207
definition of, 35
for AO gain, 201
for strong turbulence (Andrews), 205
for strong turbulence (Noll), 203
for turbulence, 191
for weak turbulence (Andrews), 205
for weak turbulence (Noll), 203

strong turbulence, 181
definition of, 181

Sun diameter, 4
Sun temperature, 7
SWIR. See short wave infrared
syndrome, 128, 129, 130

definition of, 128
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Tartarski, 182
TASS. See three-aperture scintillometer system
temperature, 5
temporal modulation index, 46, 66
definition of, 46

temporal spreading, 251, 263, 271
from particulate scattering, 253

theory of atmospheric turbulence, 180–188
thermal, 55
thermal noise, 16, 99
thermal noise variance, 109
for thermal-noise limited IM/OOK, 109

Thermodynamics
First Law, 1, 43
Second Law, 1, 11
Third Law, 1

thin lens theory, 31–35
Third Law of Thermodynamics, 1
three-aperture scintillometer system, 205
three laws of thermodynamics, 1
threshold, 60, 96, 109, 112, 113, 122, 123, 239, 240, 270, 271
damage threshold of the detector, 223
definition of intensity thresholds, 239
exterior, 240
interior, 240

tilt jitter variance, 200
definition of, 200

tip/tilt, 194, 199
tracker, 157
leading edge, 157

tracking error angle, 243
transmission, 179
transmission loss, 251
definition of, 252

transmittance, 252
of a absorptive cloud, 253
of a non-absorptive thick cloud, 252
of an absorptive thick cloud, 252
though the air/sea interface, 259

TT Strehl ratio, 203
for strong turbulence (Andrews), 205
for weak turbulence (Andrews), 203

turbo codes, 140
turbules, 180

U.S. Standard Atmosphere, 159

upwelling irradiance, 255
upwelling irradiance attentuation coefficient, 256
definition of, 256

upwelling radiance, 255, 257

variable optical attenuator, 218
block diagram of, 218
example data from, 218

visibility, xii, 66, 68, 71, 80, 94
contrast threshold, 71
definition of, 68
meteorological, 71, 72
sub-visibility imaging, xii, 75, 86, 90, 96, 170
Weber definition of, 72

visibility limit, 80
visible to near infrared, 236
VNIR. See visible-to-near infrared
VOA. See variable optical attenuator
volume absorption coefficient, 73, 179
volume extinction coefficient, 73, 179, 185, 256
volume scattering coefficient, 73, 179
Von Cittert-Zernike theorem, 29

water reflectivity, 257
wave equation, 2
solution of, 2

wave front sensor, 194, 197, 211, 236, 241
waveform, 2
weak turbulence, 181
definition of, 181

WFOV. See wide field of view
WFS. See wave front sensor
white noise power spectral density, 16
wide field of view, 236
Wien, 5
Wien’s displacement law, 6
Wien’s law, 6, 7
WOOD. See World-wide Ocean Optics Database
World-wide Ocean Optics Database, 257

XFUSION Interface Assembly, 227
XIA. See XFUSION Interface Assembly

Zernike polynomials, 197, 231
zeroth order Bessel function, 25
Zhu and Kahn, 121
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