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Chapter 10 

Afterword: Now What? 
 
Now that we have walked through the imaging chain, what do 
we do with this information? Most importantly, we understand 
not only how to make better digital cameras, but also why a 
digital image is the way it is. We can properly design a digital 
camera that has the necessary image quality by properly linking 
the elements of the imaging chain. We can also relate the 
characteristics of an image to specific elements of a camera’s 
design. This is very helpful when an image has features that we 
don’t like, and we need to change the design to fix it. 

 
 

 
 

Understanding the imaging chain is critical for understanding not 
only how a camera design produces the required quality, but also 

how image features relate back to a camera’s design. 
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 Without a proper understanding of the imaging chain, a camera 
will most likely have elements that are out of balance, resulting in a 
dominant weak link in the imaging chain. The image-quality effects 
will be different depending on the location of the weak link, but 
they will all result in an image with unacceptable image quality. 
 

 
 

Dominant weak links in the imaging chain can be avoided with a 
proper understanding of the imaging chain. These pictures show 
weak links by having (a) poor optics, (b) motion blur, (c) sensor 
noise, (d) overexposure, (e) low contrast, and (f) processing that 

oversharpened the image. 

 
 By mathematically modeling the imaging chain, a computer 
can produce digital images that are very accurate simulations of 
pictures a digital camera would produce if we built one. This is 
an extremely valuable tool, because it allows us to check out 
designs without spending money on hardware. 
 

 
 

Image simulations can be produced to test a camera design before 
money is spent (perhaps wasted) on hardware. 
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 Many times, a new camera design is proposed that is either 
crazy or ingenious, and it’s difficult to tell which side of the 
fence to fall on. Imaging-chain models can be constructed in a 
computer to test out the idea first to see if it works without 
breaking the laws of nature. If it passes this test, we can see how 
well it works under various imaging conditions. More often than 
not, a clever new idea for a camera will fail this test because it 
only produces good image quality under a very restrictive range 
of imaging conditions, such as bright lights or a single color. 
 

 
 

Modeling the imaging chain gives a great understanding of  
when a camera takes good pictures, but more importantly,  

when it does not. 

 
 So, there you have it. Understanding the imaging chain takes 
much of the mystery out of creating digital images, but not all of 
it. We still do not fully understand all of the random events that 
can influence an image, and we struggle to understand how our 
minds interpret all aspects of an image. Links in the imaging 
chain need to be redesigned and reassessed as novel camera 
concepts are brought forward, but this is good, because it keeps 
us on our toes. We will continue to build better cameras that 
meet a wide variety of needs, from pocket cell phones to 
satellites that whiz far above Earth. And even cameras that take 
great pictures of puppies, too. 

 



127 

 
 
 
 

Index 
 
A 
aberrations, 57 
absorption, 40 
Airy, George Biddell, 73 
Airy pattern, 73 
Al-Haitham, Ibn, 4 
Alhazen, 4 
aliasing, 85 
Ampex Corporation, 11 
Ampex VRX-1000, 11 
amplitude, 36, 67 
Apple, 14 
Archer, Frederick Scott, 9 
Aristotle, 3 
 
B 
Bell Labs, 13 
bicubic interpolator, 111 
bilinear interpolation, 111 
binary, 20 
bits, 20 
blackbody, 38 
Boyle, Willard, 13 
brightness-constancy 

illusions, 117 
byte, 22 
 
C 
camera obscura, 4 
Cardano, Gerolomo, 5 

 
 
 
 
 
 
 
 
Cassegrain reflector, 54 
charge-coupled device 

(CCD), 13, 78 
chirp image, 71 
clipping, 106 
collimated, 49 
collodion process, 9 
color images, 24 
complementary metal-oxide 

semiconductor (CMOS), 
78 

computer-generated image 
(CGI), 27 

concave, 53 
contouring, 106 
contrast enhancements, 103 
converging lens, 51 
convex, 53 
convolution, 63 
 
D 
Daguerre, Louis, 7 
daguerreotype, 8 
dark noise, 83 
depth of field, 55 
detector well, 79 
detectors, 78 
derivative filter, 108 



128  Index 

detector sample pitch, 83, 
93 

Di, Mo, 3 
diffraction, 40, 93 
digital count, 80 
digital image, 17 
dispersion, 42, 52 
diverging lens, 50 
 
E 
Eastman, George, 9 
Eastman Kodak Company, 

9, 13 
electromagnetic radiation, 

36 
electromagnetic wave, 36 
ether, 39 
exposure time, 79–81 
 
F 
fake image, 27 
fast optics, 56 
film, 77 
filters, 108 
f-number, 55 
focal length, 49 
Fourier, Jean Baptiste 

Joseph, 65 
Fourier transform, 64–68 
frequency, 36 
f-stop, 55 
 
G 
geometric optics, 49 
Ginsburg, Charles, 11 
gray levels, 20–23, 80–81 
gray-level histogram, 103 
 
 

H 
Herschel, Sir John F. W., 3 
Hollywood stunts, 112 
human visual system, 116 
hyperopia, 50 
hyperspectral cameras, 44 
 
I 
image spectrum, 68 
imaging chain, 2 
imaging pipeline, 2 
interpolation, 110 
 
J 
jitter, 89 
 
K 
kinescope, 11 
Kirsch, Russell , 12 
 
L 
Land, Edwin, 10 
law of reflection, 41 
law of refraction, 42 
lens, 5, 48–49 
Leonardo da Vinci, 4 
light, 36 
linear shift-invariant (LSI) 

system, 61 
linear system, 61 
 
M 
Maddox, Richard Leach, 9 
megapixel, 18 
Michelson, Albert, 39 
modulation transfer function 

(MTF), 70 
modulus, 68 
 



Index  129 

monochromatic, 38 
Morley, Edward, 39 
motion blur, 88 
multispectral cameras, 44 
myopia, 50 
 
N 
nearest-neighbor 

interpolation, 111 
negative image, 105 
Newton, Sir Isaac, 37 
Niépce, Joseph Nicéphore, 

7 
noise, 82 
Nyquist, Harry, 84 
Nyquist sampling, 83–84 
 
O 
optical illusions, 116 
optics, 47 
oscillation, 90 
 
P 
panchromatic, 38 
phase, 67, 68 
photoelectric effect, 79 
photograph, 3 
photomultiplier tube, 12 
photon, 39, 79 
photon noise, 83 
physical optics, 58 
pixels, 12, 17 
Planck, Max, 38 
point spread function, 59 
Polaroid, 10 
polychromatic, 38 
primary mirror, 54 
psychophysical studies, 119 
 

Q 
Q, 96 
quantization noise, 83 
quantum efficiency, 79 
quantum step equivalence 

(QSE), 80 
QuickTake 100, 14 
 
R 
Rayleigh scattering, 42 
real image, 49 
reflection, 40 
refraction, 42 
resolution limit, 92 
ringing, 109 
roll film, 9–10 
 
S 
sampling, 83 
Sasson, Steve, 13 
satellites, 14–15 
saturation, 79–80 
scattering, 40 
Schulze, Johann Heinrich, 5 
secondary mirror, 54 
sensor, 77 
sharpen, 108 
shift-invariant system, 61 
shot noise, 83 
signal-to-noise ratio, 83 
simulations, 124 
slow optics, 56 
smear, 89 
Smith, George, 13 
Snell’s law, 42 
spatial filtering, 103, 108 
spatial frequency, 66–68 
spatial waves, 66 
 



130  Index 

spectral cameras, 44 
Standards Electronic 

Automatic Computer 
(SEAC), 12 

struts, 73–74 
subject contour illusions, 

116 
super-resolution, 113 
systems engineering, 88 
 
T 
tonal enhancement, 107 
transfer function, 69 
transmission, 40 
 
V 
Video Graphics Array 

(VGA), 18 
virtual image, 50 
visible spectrum, 36 
 
W 
wavelength, 36, 66 
wave–particle duality, 39 
weak link, 124 
well depth, 79 
wet plates, 9 
white light, 37 
 
 

 

 

 

 

 

 



 

 

Robert D. Fiete is Chief Technologist 
at ITT Exelis Geospatial Systems in 
Rochester, New York. He received his 
BS in physics and mathematics from 
Iowa State University, and his MS and 
PhD in optical sciences from the 
University of Arizona. In 1987, he 
joined Eastman Kodak’s Federal 
Systems Division and managed the 
imaging systems analysis group, 
responsible for developing and 
assessing the image quality of novel 

imaging system designs and advanced processing algorithms. He 
was an adjunct professor at the Center for Imaging Science at 
Rochester Institute of Technology, has chaired conferences on 
imaging science and optics, and has supported the U.S. 
Department of Justice on cases involving photofakery. He wrote 
the book Modeling the Imaging Chain of Digital Cameras (SPIE 
Press, 2010), has authored more than 30 technical papers, 
received 11 patents, and was awarded the Rudolf Kingslake 
Medal by SPIE. 




