Chapter 20
Display Devices

20.1 CRT:

The cathode ray tube (CRT) remains the traditional monitor device in TV
and computer despite the emergence of new devices, such as liquid crystal display
(LCD) and plasma display (PD). The CRT consists of an evacuated glass envelope
containing an electron gun (or triple gun in color CRT). The e-beam passes
through the magnetic fields generated by a deflection yoke. The deflection is
arranged in such a way that the electron spot scans the screen line by line. For a
color CRT, special care has to be taken in the design of the yoke to ensure that all
3 beams are deflected and focused to the same point (Fig. 20.1). The 3 beams
pass through holes in the shadow mask in such a way that each beam strikes only
its own phosphor (red, green, blue) (Fig. 20.2). On striking the phosphor, the
energy of the electrons is converted into light which then passes through the
screen to the user. The primary function of the electron gun is to generate an
electron beam and accelerate it by means of a high anode voltage. The power of
an electron beam is the product of the anode voltage and the scan current.

When luminance values of the three colors are quantized, 10 bits per color
are needed to guarantee a good image. The CRT, however, is unique in requiring
fewer bits due to the fact that we do not digitize the luminance of the CRT but the
drive voltage of the gun which has a nonlinear relationship with luminance. The
luminance of the CRT is proportional to the beam power P, which is the product of

the anode voitage I, and the beam current /,. The value of the beam current is
controlled by the drive voitage i, of the gun.

l,=KV/ (20-1)

Where y lies between 2.2 and 3. Signal source such as broadcast TV and

photo CD are precompensated or y corrected. For computer generated images, ¥

(gamma) correction can be achieved by color look up tables in the graphic
controller. The result of the nonlinearity of the gun is that fewer bits per pixel are
needed. [t has been found that 8 bits / color or 24 bits per pixel are adequate for
good image quality.

Another important function of the electron gun is to focus all the electrons of
one beam into a small spot and then to maintain the spot size over the entire scan.
The smaller the details to be resolved or the size of the characters to be displayed
on the screen the smaller the spot has to be.
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20.2 Liquid Crystal Cell:

CRT is considered an emissive device. Liquid crystal display (LCD) is not.
The molecules in ordinary liquids normally have random orientation. In liquid
crystals, the molecules are oriented in a definite crystal pattern. When an electric
field is applied to the liquid crystal, the molecules which are approximately cigar
shaped tend to align themselves perpendicular to the field. Charge carriers flowing
through the liquid disrupt the molecular alignment, and cause turbulence within the
liquid (Fig. 20.3). When not activated, the liquid crystal is transparent. When
activated, the molecular turbulence causes the light to be scattered in all directions
so that the activated areas appear bright. This phenomenon is known as dynamic
scattering.

The liquid crystal material may be one of several organic compounds which
exhibit the optical properties of a solid, while retaining the fluidity of a liquid.
Examples of such compounds are cholesteryl nonanoate and pazoxyanisole.

A liquid crystal cell consists of a layer of liquid crystal (LC) material
sandwiched between glass sheets with transparent metal film electrodes deposited
on the inside faces (Fig. 20.4). With both glass sheets transparent, the cell is
known as transmittive type cell. When only one glass sheet is transparent and the
other has a reflective coating the cell is termed reflective type (Fig. 20.5).

When not activated the transmittive type cell will simply transmit rear or
edge lighting through the cell in straight lines. In this condition, the cell will not
appear bright. When activated, the incident light is diffusely scattered (Fig. 20.5a)
and the cell appears quite bright even under high intensity ambient light conditions.

When not activated light in the refiective type is reflected from the mirror
surface and the cell does not appear bright. When activated the dynamic scattering
phenomenon occurs and the cell appears bright (Fig. 20.5b).

Another version of LC is called field effect LCD and is constructed similarly
to the dynamic scattering type (Fig. 20.4) with the exception that two polarizing
optical filters are placed at the surface of each glass sheet.

The liquid crystal material employed is known as twisted nematic type and it
actually twists the light passing through when the cell is not energized. This
twisting allows the light to pass through the polarizing filters.

Thus, in the case of a transmittive type cell the unenergized cell can appear
dark against a bright background? When energized, the cell becomes transparent
and disappears into the background.
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20.3 Active Matrix LCD {AMLCD):

Super twisted nematic (STN) liquid crystai displays represent one of the two
principal fiat panel display technologies, the other being active matrix LCDs
(AMLCDs). Active matrix addressing places an electronic switch at each pixel of an
LCD, thus, controlting the charging of the pixel capacitor up to the voltage
corresponding to the desired grey shade and then holding this voltage until the
next video information is written in. The available switches are thin film transistors
TFTswhich are field effect transistors using amorphous silicon (a-S,) as the
semioconductor. Passive addressing does not require a switch at each pixel.
However, in contrast to active addressing it suffers from limitations in the number
.of addressable lines, in the number of grey shades as well as in the time for which
it rs possible to hold a given grey shade, which resuits in flicker.

Fig. (20.6), Fig. (20.7) shows the addressing of a pixel by TFTs. For all
TFTs the pixels of one line are made conductive by positive gate pulse upon which
the video information is charged through the columns simultaneously in all pixels of
the lime:into the LC capacitors C,. and an additional thin film storage capacitor C, .

The charging of the capacitors to the voltage V. (¢) is governed by nonlinear
differential equation as both C,. and the on resistance of the TFT are voltage
dependent.

As V,.(t) rises, the voltage ¥ ,;(¢) of the TFT drops. This results in a
decrease of the drain source current I, with time. After loading C,. , the voltage
must be held during the frame time which is effectively supported by C, .

20.4 LCD Light Valve Systems:

The liquid crystal material is able to change the polarization of light (Fig.
20.8) not in a fixed but in a variable manner under the influence of an electric field.
The molecules are long and rod shaped and when aligned together will polarize
light. Unlike a normal polarizer, a liquid crystal has its molecules reoriented by the
influence of an electric field.

The twisted nematic (TN ) cell (Fig. 20.9) consists of two glass sheets

separated by liquid crystal. Each plate has 2 coatings, one is transparent electrode
{electrical conductor usually indium tin oxide) and the other is an alignment layer,
which helps the liquid crystal to align its molecules in one direction in the manner of
spaghetti lining itself on a matched grooved surface.
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In the TN cell, the alignment on one plate is 90° different from that of the
other. The nature of the liquid crystal material is such that the alignment of its
molecules changes through the material. In Fig. (20.10) polarizing filters are added.
In (Fig. 20.10a), unpolarized light is represented as two planes of light at right
angles to each other. The filter lets light of one plane of polarization through and
blocks the rest. On its way through the liquid crystal material, the light has its plane
of polarization rotated through 90° following the twist of the liquid crystal. The
polarizing filter on the other glass is at 90° to that on the entrance side, and thus,
lets the light through. In Fig. (20.8b), an electric field is applied across the liquid
crystal cell. This causes the liquid crystal to straighten up, so the polarized light
now retains its initial polarization and hence, gets absorbed at the exist filter. This
type of cell is a “normally light", all requiring the electric field to go dark. The
straightening effect, and hence, light transmission or blocking is proportional to the
voltage applied.

The passive matrix LCD (PMLCD) is shown (Fig. 20.11). The complete
display still consists of the two glass plates, the polarizing filters and the liquid
crystal sandwiched in the middie. The electrode pattern is a set of columns and
rows. Each intersection can be regarded as a set of an individual TV cell. If the
voltage is applied to one row and one column the intersection will respond.

An image can be built up by selecting a row and applying the required
voltage on the column corresponding to the brightness of each cell in that row.
Thus, the rows are scanned from top to bottom.

The amount of time allowed for energizing each cell is very short, yet to
maintain a display any energized cell must retain its new state until the next time it
is scanned. This means using a high viscosity liquid crystal with considerable lag,
making it difficult for it to track a fast changing image. Also, in the PMLCD,
capacitive coupling causes a control voltage applied to a single cell to influence
adjacent cells, hence, reduce contrast. In active matrix liquid crystal display
(AMLCD), every pixel in the array has an electronic switch (Fig. 20.12).

When a row is selected, the switch connects the data to the cell in that row.
However, when the switch is open circuit, the voltage is maintained across the cell.
Thus, the TN cell is held to the required state until the next scan cycle and then
there is no dependence on cell lag.

There is no restriction on the overall number of scan lines. The switch is a
thin film transistor (ZFT') made of pure crystalline silicon. Color is achieved by
RGB additive color mixing. This requires the LCD panel to have three times the
number of cells than the required pixel resolution formed as triads. AMLCDs with a

backlight are used for LCD monitors for video. LCD monitors for data and graphics
are used in portable (laptop) computers.
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LCDs are now used in tiling as video wall (Fig. 20.13). Video tiles use the
optical system shown (Fig. 20.14).

The idea of an LCD projector is to illuminate an LCD as a slide and project
the image using an objective lens (Fig. 20.15). The principle of the three panel
projector is shown (Fig. 20.16). The separation of the light into RGB is achieved by
dichroic mirrors — in mirror box. These are mirrors which reflect light of a particular
wavelength and transmit the rest. Thus, a green dichroic reflects green and
transmits the red and blue. While 3 panels projectors give the best color and
brightest image by virtue of the dichroic color separation, single panel projectors
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are much cheaper because of their simple construction. This could be done using
fiters at the cost of color quality.

An altemative uses dichroic color separation with a single LCD panel
without color filters. The technique (Fig. 20.17) has interesting similarity to the
shadow mask. White light is collimated and directed at a stack of dichroic mirrors
each angled with respect to each other. This results in 3 colored beams of light
being reflected at different angles. This multicolored illumination is directed at a
microlens array. It collects all the incident light and directs it at the individual LCD
cells. This makes efficient use of light. The LCD cells are illuminated by only one of
red, green or blue beams.

Digital micromirror device (DMD) is another reflective light valve which uses
digital light processing (DLP). The device is arranged so that if electric charge is
present between the mirror and an electrode beneath, the mirror tips. If such a
mirror is illuminated by a beam of light the beam can be swung through 90° (Fig.
20.18).

Unpolarized light is absorbed in a light trap and wanted light is diverted
through a projection lens which projects an image on a screen. There is a mirror for
every pixel. The mirror is 17 micrometer square. The DMD can be manufactured
using chip technology.

20.5 Emissive Displays:
There are three main technologies: altemating current thin film

electroluminescent displays (ACTFEL), plasma display panels (PDPs) and:field
emission displays (FEDs ) . ‘

In the three cases - with the exception only of monochrome (neon orange)
PDPs - light is emitted in a solid state material named a phosphor. The name
phosphor is used for photoluminescent (UV excited) powdered materials used in
lighting tubes.

The same principle is used in color PDPs . The cathode luminescent (e—
beam excited) materials which coat the back of the cathode ray tube faceplates are
also called phosphors. The same principle is used in FEDs .

In ACTFEL panels, the light emitting materials are notably different in the
sense that the electrons which induce the emission of light are accelerated in the
material. The active material is in the from of a thin film not a powder as is PDPs
and FEDs
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Unlike LCDs, all emissive panels have very broad natura! viewing angle and
can work over a broad temperature range (0-55°C). One difficulty of all emissive
panels is a decrease in image contrast and readability due to the diffuse scattering or
specular reflection of ambient light by the very structure of the panel. Such scattering
may be reduced by using filters or block matrix.

Another point is noticed when the emitting material is in solid state (including
CRTs), i.e., image burn - in effect. The decrease with time of the luminance of TV
panels is more or less uniform and less than in computer monitor. In ACTFEL, the
active film (0.5-1um) is sandwiched between two high quality insulating films (Fig.
20.19).

The electrons originate at the film — insulator interfaces. The very sharp voltage
threshold above which conduction occurs in the active film is due to the tunnel injection
from the interface states into the active layer. The electrons are eventually trapped at
the anodic interface. During the conduction, the build up of charges establishes an
internal field, which opposes the externally applied voltage so that the current
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terminates when the resulting field falls below threshold. Light is emitted by the excited
activator atoms in the form of a pulse. Upon reversal of the external voltage polarity,
the internal field effectively adds to the applied field and lower the conduction threshold
for those pixels which have been activated. Once the activator atoms are excited, they
can decay to the ground state through a radiative transition, and hence, emit light with
a specific emission spectrum.

In monochrome plasma display panel PDP, light is emitted by a gaseous
discharge. The TV characteristic of a plasma cell (Fig. 20.20) shows the electron

avalanche process (vertical branch) by which an electron ionizes a N, atom creating a
N, ion and another electron. When this reaction becomes more probable than the

loss of one electron, an exponential growth of the current results, and electrical
breakdown occurs. Mixture atoms are then excited by electron collision. Relaxation
leads ultimately to photoluminscence of phosphor triads which produce the primary
colors in full color PDPs .

Field effect displays (FEDs) are vacuum electron devices in which the light
source is the cathode luminescence of phosphors. FEDs are not similar to CRTs in
that there is no deflection of the electrons, but rather local modulation of the
electron current by the application of suitable potentials on anodes and grids with
respect to the cathodes. FEDs differ from vacuum fluorescent displays in that
electrons are not emitted by a cathode consisting of an oxide heated filament, but
by field emission from a cold cathode, thus, saving the heating power in vacuum
fluorescent displays (VFDs). The next advantage is that the cathode can be used
as an addressing electrode. In VFDs, the electron source cannot be modulated
because the thermal response is slow and would be difficult to pattern. instead, the
electron emission is permanent and is modulated by a grid. In FEDs, the field
emission cathode can be patterned with a sufficient resolution, and matrix
addressing can be performed in X ,Y directions.

20.6 Stereoscopic Imaging:

A common feature of 3D or stereoscopic imaging is the provision of two
adjacent video cameras which generate twin perspective views necessary for
adaptive real time stereoscopic displays.

Fig. (20.21) shows dual camera configuration suitable for stereoscopic imaging.
A 3D coordinate system has its origin at the center of the left camera. In this example,
the optical axes of the two cameras are parallel and lie in the XZ plane. Under these
conditions, the cameras are said to be boresighted. The Z -axis coincides with the
optical axis of the left camera. Both camera lenses have focal length / and they are

separated by the distanced . Suppose the point P (X oY, Z 0) is situated in front of the
cameras casting an image on both image planes.
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We see that a line from P through the center of the left camera lens will
intersect the Z axis at Z =—f image plane (prob. 20.1) at

d
o= (20 - 1)
X, ~X,
d 2+ 2+ 2
and RN X+ (20 - 2)
xr—xl

The closer Z, the larger the shift between right and left images. For narrow

angle (telephoto) systems X ,Y << Z ;and x,and y, are small compared to f and
eqgn. (20.2) can be approximated to eqgn. (20-1).
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A 3D screen can be recreated for a viewer through stereoscopic display. This is
the basis for 3D movies and stereoscopic photography. Fig. (20.22) illustrates the
viewing geometry for stereoscopic display. The image pair is positioned a distance D
in front of the viewer's eyes, which are separated by the interocular distanceS . A
small feature located at coordinates x,.y, in the left image and x,,y, in the right

image will appear to the observer jocated at point p. We way show (Prob. 20.3) that
X, =X, _Ds (20 - 3)
Z

This implies that for distant objects (Z =oo), the right and left eye coordinates

are identical. As an object is shifted left in the right eye image, its apparent position
moves toward the observer.

Stereoscopic photography is a technique that uses a camera (Fig. 20.21) that
produces positive transparences at the image plane. These transparences are rotated
180° about the Z -axis and positioned in front of the observer (Fig. 20.22).

If the relationship

DS =fD (20 - 4)

is satisfied, the scene will appear as if the observer had viewed it first hand. Two
conditions must be satisfied to obtain accurate reproduction of a 3D scene. First, there
should be a converging lens in front of each of the viewer's eyes, so that the viewer
can focus his eyes at infinity and still see the two transparences in focus. Positive
lenses with focal length D are commonly used. Second, the viewing geometry is
exact anly when the viewer's line of sight falls along the Z -axis.

20.7 3D Display Types:

Two of the displays under discussion are frame sequential, wherein two views
comprising the stereo pair are temporarily multiplexed. One system (Fig. 20.23) uses
active spectacles to decode the image by means of liquid crystal shutter device
arranged in place of lenses of a pair of spectacles. These shutters can selectively
block an image from reaching either eye.

The other system uses passive spectacles (Fig. 20.24) with a large liquid
crystal device (stereoscopic modulator) interposed between the monitor and the
viewer. This device encodes alternate frames with either clockwise or anti clockwise
polarization, subsequently decoded by polarizing spectacles worn by the viewer.

in the anaglyph display (Fig. 20.25), the left and right views are spatially
multiplexed and encoded using different colors on the display. These views are
subsequently decoded by means of colored (red and green) spectacles worn by the
viewer.

The auto stereoscopic display has the left and right views spatially muiltipiexed
but the viewer is not required to wear any special spectacles. The separate images of
a stereo pair reside on either the odd or even columns of the display.
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These interleaved pictures are then directed to the observer's eyes by means of a
lenticular sheet at the display surface (Fig. 20.26). In this case, the display device is a
color TFT liquid crystal panel.

A stereo 3D motion picture can be based on anaglyph type, where two versions
of the movie one red and one green displaced to each other are imprinted on the film
and viewed by anaglyph spectacles.

A new type of color 3D movie (e.g IMAX) is based on running two copies of a
film shot at the same time with a stereo 3D camera. Each projector has attached to it a
polarizer. The viewer wears glasses made of similar polarizers. The two projectors are
synchronized and the viewer is immersed in the movie. Screens may not be flat but
may be curved or dome shaped.

A talking head has LCD display inside a spherical screen and used in museums.

20.8 Virtual Reality (VR):

Virtual reality refers to immersive, interactive multi sensory viewer - centered
3D computer generated environments and a combination of technologies required to
build these virtual environments. The term telepresence means that at the control
station, the operator can perform - through quality sensory feedback-functions possible
at the work site. The term cyberspace is associated mostly with entertainment systems
and the internet.

In a virtual environment system, a computer generates sensory impressions
that are delivered to the human senses. The type and quality of these impressions
determine the level of immersion and the feeling of presence in VR.

We can group VR systems according to the level of immersion they offer to the
users. Desktop VR (window on world WOW). This is the simplest type of VR
applications. It uses a conventional monitor to display monoscopic images (walk
thrus). No other sensory output is supported. Fish Tank VR is an improved version of
desktop VR. These systems support head tracking, and therefore, improve the feeling
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of being there, thanks to the motion parallax effect. They use a conventional
monitor with shutter glasses for stereoscopic viewing. Immersive systems let the
user totally immerse in a computer generated world with a headmount display
(HMD) that supports a stereoscopic view of the scene according to the user's
position and orientation (Fig. 20.27).

Input devices determine the way a user communicates with the computer.
These include trackers, 3D mouse and gloves.

Output devices are responsible for the presentation of the virtual
environment and its phenomena to the user. These include visual, auditory or
haptic (sensory) displays.
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Beyond input and output hardware, the underlying software plays an
important role in managing / /O devices, analyzing incoming data and generating
proper feedback. This software must be real time and must be prompt in order not
to destroy the feeling of immersion.

VR is used in designing, vehicle driving simulation, military applications,
medicine, training, education and entertainment.

20.9 Tracking:

The primary task in VR is to build the 3D model on the computer then add
the texture, lighting and shadow to it. This is called rendering. Then the computer
should be able to shift and rotate the view using a S/W camera to be able to look at
the scene from all angles and positions. However, coupled to that, there must be a
correlation between the viewer's position and the orientation and the view to be
viewed depending on the relative position and the angle of the viewer so that he
could see the object as if he were going into and around it and from all angles and
positions. This is called tracking. 3D objects have 6 degrees of freedom for position
and orientation. Each tracker must support this data.

In general, there are two types of trackers, those that deliver absolute data
and those that deliver relative data. The most important properties of trackers to be
considered for choosing the right device are update rate, latency, accuracy,
resolution and range. The update rate defines the number of measurement/s.
Higher update values support smoother tracking of movements but require more
processing. The latency is the time (measured in ms) between the user’s physical
action and the beginning of transmission of the report that represents this action.
Lower values lead to better performance. Accuracy is the measure of error in the
reported position and orientation. Smaller values mean better accuracy. Resolution
is the smallest change in position and orientation that can be detected by the
tracker. Smaller values mean better resolution. Range is the working volume within
which the tracker can measure position and orientation with a specified accuracy,
resolution and angular coverage.

There are different types of trackers (Fig. 20.28). The most common type is
magnetic trackers. They consist of a.static part (emitter or source) which emits DC
or AC magnetic field. Different sensors are attached to body parts. Each sensor is
a 3D coil one in each coordinate. It picks up magnetic flux, and hence, generates
AC current or voltage which is digitized and transmitted to the computer. This is
called body tracking and is used to capture motion and impart it to a computer
generated graphic (an animal or a bird for example). The location of each sensor is
assigned to a position on the computer graphic and a process called calibration
must be done first to indicate a reference point or initial position. As the actor
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wearing the sensors moves his hand or leg, the sensors transmit to the computer
data indicating the motion relative to the initial position. This is instantly conveyed
to the animal or bird figure. This technique is used in modern 3D animation.
Magnetic trackers use small handy and light sensors. They require no line of sight
and have relatively high update rates and low latency.

However, the working volume is limited and the resolution gets worse as the
emitter ~ receiver distance is growing. External fields may cause distortion.
Acoustic trackers use ultrasonic waves (above 20kHz for determining the position
and orientation of an object in space. 3 emitters and 3 multiple receivers are used
to determine the position and orientation. Such trackers do not suffer from
magnetic interference but suffer from acoustic interference or noise and the
restriction of the line of sight and low update rates.

Another tracker called face tracker is concerned with the detection of facial
expressions and imparting them to a computer generated graphic representing an
animal or a bird for example. With proper lip sync, a cat can be made to speak with
life - like pronunciation and expression. This is widely used now in movies. The
face tracker (Fig. 20.29) consists of a helmet worn by the actor. it contains infrared

(IR) source and a set of detectors on the inner surface of the helmet band. A set

of tiny bits of reflective paper is attached to various locations on the face. The IR
emitted by the source and reflected off the tiny reflectors falls on the detectors and
the signals are transmitted to the computer. At the start, calibration is performed
and the set of the reference points where the reflectors are attached are
transferred to the head of the animal. As the actor speaks, the expression on his
face forces transferred the location of the reflectors to shift positions. This Shlﬁ: is
transferred to the head of the animal graphic.

A third type of trackers is associated with the headmount (Fig. 20.30). Here
it is required that the position and orientation of the viewer's head be reported to
the computer to determine the part of the view to be viewed and its orientation with
respect to every possible movement and orientation of the viewers head. Normally
this type of tracker uses liquid micro switches where the tilting of a small drop of
liquid gives an indication of rotation.

There are also many types of optical trackers, beacons, pattern recognition

trackers and laser ranging. Beacon trackers use a group of beacons (LEDs ) and a
set of cameras capturing images of beacons’ pattern (Fig. 20.31). An optic pattem
recognition tracker (as the new optical mouse) determines position and orientation
by comparing new patterns to previously sensed ones. Laser ranging trackers
transmit into the object the laser light that is passed through a diffraction grating.
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Fig. (20.28) Motion capture
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A sensor analyzes the diffraction pattern on the body's surface to calculate the
position and orientation.

Eye tracking is used to follow the eye motion. Such trackers vary from
limbus tracking which monitors the boundary between iis and sclera or image
tracking which uses a video camera and image processig technigues to
determine the gaze direction or comeal reflection, which uses phototransistors 10
analyze the reflection of colitnated beam of light from the convex comea surface.

Input devices also vary in types. The 3D mouse or bat is a simple interaction
tool which is joystick like, which can be moved in space by hand. # is equipped
with a tracker sensor to detenmine fs pasition / orientation and has a few buttons
that may trigger some actions.

Gloves (Fig. 20.32) are 3D mnput devices that can detect the joirt angles of
fingers. The measurement of finger flexion is done with the help of Sher aplic
sensors, foil strain technology or resistive sensors.

20.10 VR Displays:

We have different types of VR displays. One is laige screen with 3
projectors and a blender where the anages are projected seamlessly. Whatt is
unique about this type of display s the real time rendering. The model with texture
and lighting is downloaded on the projection server. But the computer camara and
flybox which provide interaction operate in real ime. This is done by prestoring
images of views from different posi#ions and orientations in a fibrary while the
server (super computer) provides the right view according to the manipulation by
the flybox. This is done in real time, i.e., the viewer does not notice any 1ag in the
process. The projection could be stereo and the viewer uses polarized glasses.

Another application is called fake space where the viewer is embedded
within 4 -6 walls (including floor and ceiling) which are used to totally immerse the
viewer in 6 degrees of freedom environment. A VR capsule also may be used for
individualized VR experience.

Another and more common individualized display is the headmounted
display (HMD) (Fig. 20.33). it consists of two active LCD displays and the tracker.
The viewer monitors on the LCD displays the stereo output of the computer, based
on the input data supplied by the input device or tracker. To complete the
immersive effect, stereo audio is supplied by speakers in the HMD. This type of
display is particularly popular in military applications, training and entertainment.
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Fig. (20.29) Face tracker
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Fig. (20.30) Headmount tracker

mSensorm

T
/ { 3 Emitters
yd
Fig. (20.31) Beacon tracker
a) outside in b) inside out
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Fig. (20.32) VR gloves

Display screens

Fig. (20.33) HMD
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Problems

1. Verify egn. (20.1)

2. Verify eqn. (20.2)

3. Verify eqn. (20.3)

4. Verify eqn. (20.4)

5. A stereoscopic camera has 50mm lenses separated by 70mm. Find the
location of the image of a small object at XYZ =3m ,2m ,6m . What is the

range of the object (Fig. 20.21).?

6. For prob. (20.5), show the requirements on the display system (Fig. 20.22),
and verify egns. (20-3) and (20-4).
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A-1-1 Bounds on the Complementary Error Function



A-1-1 Bounds on the Complementary Error Function:
Substituting u - x for z in eqn.(A-1-4), we get
2 N
erfc(u) = ﬁexp(—u ) Jexp(Zu.x yexp(—x *)dx

For any real x, the value of exp(—x ?)lies between the successive partial sums
of the power series
2 2\2 243
TREIN .10 N .10 S
It 2! 3!
Therefore ,for « >0, we find, on using (n +1)terms of this series, that erfc(u) lies

between the values taken by

xZ

’ ) exp(2ux)dx
n!

2 0[ x4
2 2 ; 4
ex u 1 x ".—

N

for even n and for add n. Putting 2ux = —v and using the integral

Iv" exp(-v)dv = n!
0
we obtain the following asymptotic for erfc(u), assuming u >0:

erfc(u)zexp(-uz)[l 1,13 ..'t1.3.5...(2n—1)] (A-1-6)

J;u 2w 224t 272"
For large positive values of u ,the successive terms of the series on the
right hand side of eqn. (A-1-6)decrease very rapidly. We thus deduce two
simple bounds on erfc(u), one lower and the other upper, as shown by’

exp(-u’) exp(-u’)
1- <erfc(u) < ———— A-1-7
N ( 2u2) fe(u) NES ( )
For large positive u ,a second bound on the complementary error
function erfc(u) is obtained by omitting the multiplying factor 1/uin the upper

bound of eqn. (A-1-7):
2
erfe(u) < %"—) (A-1-8)

In Fig. (A-1-1), we have plotted erfc(u) , the two bounds defined by

eqn.(A-1-7), and the upper bound of egn. (A-1-8). We see that for « 21.5, the
bounds on erfc(u) ,defined by eqn. (A-1-7),become increasingly tight.
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0.1 |

Fig. (A-1-1) The complementary error function and its bounds

A-1-2 Q-Function:

Consider a standardized Gaussian variable X of zero mean and unit
variance. The probability that an observed value of the random variable X will
be greater than v is given by the Q-function:

o) = ﬁ fexp(-=) (A-1-9)

The Q-function defines the area under the standardized Gaussian tail.

Inspection of eqns (A-1-4) and (A-1-9) reveals that the Q-function is related to
the complementary error function as follows:

o) = %erfc[—‘/%] (A-1-10)
Conversely, puttingu =v/ J2 ,we have
erfe(u) = 20(+2u) (A-1-11)
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APPENDIX A-2

Schwarz Inequality

Prove the following Schwarz inequality for a pair of real finite energy
signals f (t)and g(t):

[ J'f(t)g(t)dt} < [ Ifz(z)dz}[ Jg%z)dt} (A-2-1)

with equality only if g(¢) =¢f (t) ,.where ¢ is an arbitrary constant.

The Schwarz inequality for finite-energy, complex-valued functions
X (w) and Y (w)is given by

]X ()Y (a))da|1 < ]|X (@) dw]])’ (a))|-da) (A-2-2)

with equality only if ¥ (w) =cX "(w) ,where ¢ is an arbitrary constant.
We can prove eqn. (A-2-1) as follows: For any value of A ,we know that

b 2
[ro-g®]ar=0
or
b [ b
A2 [f 2 ar =24 [f @)g ()t + [g7()de 20

Because this quadratic in A is nonnegative for any value of A, its discriminate must
be nonpositive, and eqgn. (A-2-1) follows. If the discriminate equals zero, then for
some value of A=c , the quadratic equals zero. This is possible only if
of (1) - g(¢) =0, and the result follows.

To prove eqn.(A-2-1), we observe that |X ()| and [V (@)| are real functions
and inequality (A-2-1) applies. Hence,

[bﬂX () (W) co] < bj]}( (@) d wiﬂy (| dw (A-2-3)

with equality only if [ (@)| =c |X (@)|, where c is an arbitrary constant. Now recall
that

] b b
(X @y (m)d«a‘s (X @l (@|dw= [X (@)Y (@)da] (A-2-4)

with equality if and only if Y (@) =cX "(w) .where ¢ is an arbitrary constant. eqn.
(A-2-2) immediately follows from eqns. (A-2-3) and (A-2-4).
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APPENDIX A-3

Fourier Transforms and Operations

Commonly used Fourier transforms are listed in Table (A-3-1) and
Fourier operations in Table (A-3-2)

Table (A-3-1) Fourier transforms

— l x(t) X(f)
1- 3(1) !
3- cos 27, t | %[5(f'fo]+5(f+fo)
.| A 2i[6<f £1-8(F+ £)
5- 3t —t,) exp(—/271,) |
6- exp(j27f,t) o(f - fy) |
7- exp(~dlf)), a>0 2 |
’ a’+ Q)
8- exp [- [TI—} J| TCXP[— ”(fT)ZJ
o u(t)= 4 “W”Tz,?
1
10- exp(~at)u(t),a >0 at o
1
11- t exp(—at)u(t),a>0 m
12- rect(t/T) T sincfT
13- cos 27y‘0t[rect(t/T)] %[sin c(f ~fo)T +sinc(f +fo)T] |
14- W sin Wt rect(f /W) B
1- J%l for |r| ST
15- 0 for ¢|> T T sinc*fT
SorlsT
Jorlt|>T
16- .2:;5(: -mT,) Tl (f - —] 1

Note: rect(f/2W)=1for -W < f <W,0 for [f|>W ,and sincx =(sinzx)/7x .
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Table (A-3-2) Fourier operations

Operation x(t) X(f)
1.Scaling x(at) 1 X(—f—
| e
2.Time shifting x(t—t,) X(f)exp(—j2rf,)
3.Frequency shifting x(t)exp(j2xfot) X(f-£)
4.Time differentiation d"x G2z )Y X ()
at"
5.Frequency (=jO)" (x(t)) d"X
differentiation ar
6.Time integration ;[x (o)t _1_21; X(f)+ _;: X(0)5(f)
7.Time convolution x (1) *x,(t) X,(NHX,(N)
8.Frequency convolution x,(2)x,(2) X, (N*X,(f)
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A

Absorption by oxygen
Absorption by water vapor
AC coefficients

Access circuits

Access points

Access to the internet
Accumulator

Accuracy

Accuracy of transmission
Acoustic interference
Acoustic tracker
Acquisition

Acquisition and tracking
radars
Acquisition radar
Acquisition schemes
ACTFEL see Alternating
current thin film
electroluminescent displays
Activator atoms
Active addressing
Active imaging
Active layer
Active line sweep time
Active material
Active matrix addressing
Active matrix liquid crystal
display (AMLCD)
Active repeaters
Active spectacles
Active system
Adaptation flag
Adaptive bit allocation
Adaptive differential PCM
(ADPCM)
Adaptive real time
stereoscopic display
ADC see analog to digital
converter
Additive code modulated
interference
Additive color mixing
Additive white Gaussian noise
(AWGN)

Address

Addressing electrode
Adhoc mode

Index

417

417

574, 575, 576,
582

601

648

608, 672

361

512, 695

451

696

696

372, 373, 428,
431

447

446, 447
372

688
679
444
687
559
684
679
681, 683

406, 407
690
434
664
591
583, 585

688

352

681

103, 111, 157,
165, 166, 175,
182, 219, 234,
235, 237, 238,
264, 323, 381,
603, 623, 624
390, 603, 608,
623, 624

688

648

ADPCM see Adaptive
differential PCM
ADSL baseband signal
ADSL connection
ADSL modem
ADSL see Asynchronous
digital subscriber line
ADSL signal
ADSL with active network
termination
ADSL-lite
ADSL-lite line
ADSL-lite modem
ADSL-lite with passive
network termination
Advanced mobile phone
system (AMPS)
Aerodynamic heating
Aggregation electronics
Air defense systems
Air traffic control
Airborne and space borne
radars
Aliasing
All weather operation
All zero code vector
Alternating current thin film
electroluminescent displays
(ACTFEL)
AM see Amplitude modulation
AM transmission
AMLCD see Active matrix
liquid crystal display
Amorphous silicon (a-S))
Amount of information
Amplitude distortion
Amplitude medulation (AM)

Amplitude response
Amplitude shift keying (ASK)

Amplitade, phase and
nonlinear distortions

AMPS see Advanced mobile

phone system

Anaglyph display

Analog circuits

Analog communication

Analog I and @ signais

Analog PAM

Analog satellite receiver

Analog signal

631
631
630

629, 630
631

629, 630, 631
630
630
631

633, 636

447
607
445, 447
434
444

10, 12, 46, 507
445

528

684, 687, 689

137

679

451

34

122, 137, 140,
143, 145, 146,
148, 149, 150,
154,192,335
210

164, 165, 168,
237, 238, 239,
241, 244, 250,
251,290, 458
192

690, 692
601

1

672

32

659, 662
661
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Analeg systems

Analeg telephony

Analeg te digital converter
(ADC or A/D)

Analeg veice tramsmission

Analyzer

Anchor

Angular coverage

Animation

Ancdic interface

Antemna

Anteama aperture efficiency
Antenna gain

Antenna scan

Antijam margin

Antijam system

Antipedal signal

Antipodal signaling

Aperiodic signal
Aposteriori probability

Apriort probability

As high as possible

As low as possible

ASCII characters

ASK modulator

ASK see Amplitude shift keying
Aspect ratio

ASTRA

Asymmetric / symmetric mode
Asymmetric rate
Asynchromous channel

Asynchronous digital
subscriber line (ADSL)

Asynchronous transfer mode
(ATM)

ATM loca] srea networks

ATM metropelitan area
networks

ATM networks

ATM see Asynchronous
tramsfer mode

Atmespheric attenuation

Atmespheric disturbances

Atomic frequency

Attenuation

Attenuation due to rain
Attributes
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633
629
5,23

633
132,133,135
545, 546, 616
695

696

687

419, 421, 436,
437, 438, 635
437

421

438

372

369

196

214, 225, 226,
228, 230, 231,
266, 290, 309,
314

76

58, 59, 194, 196,

197, 198, 472,
473

58, 165, 166,
184, 194, 221
469, 471, 510
469, 470, 510
608

241

550, 561, 562,
564, 569

657

629

629

623

629, 630, 631,
632, 640

607, 608, 624

607
607

608, 624

417, 656

417

427

417, 630, 633,
649, 656, 658
417

547

Audibie threshold
Audio

Audio / sound synthesizer

Audio and video signal

Audio bridge

Audio compression

Audio conferencing

Audio encoding and
commanding

Audio processing

Audio subcarriers

Audio synthesizer

Authentication

Auto stereoscopic display

Auto stereoscopic lenticular
display

Autocorrelation

Autocorrelation function

Autocorrelation function for
a binary wave

Autocorrelation function of
noise

Autocorrelation function of the
PN code

Autocorrelation function of
white noise

Autocorrelation of a periodic
function plus noise

Autocovariance function

Automatic tracker

AWGN channel

AWGN see Additive white

Gaussian noise
Axon (neuron)

B

B frame encoding

8 frames

Background (clutter) echoes
Background IR radiation
Background noise

Balance property

590

545, 552, 585,
556, 557, 563,
566, 598, 601,
603, 614, 620,
627, 637, 659,
670, 672

§57

627, 672

614

583

614

556

659
659
555
616, 633
690
694

79, 89, 95, 114,
132, 154, 210,
211, 344, 346
76, 77, 84, 85,
86, 87, 90, 100,
111,112, 114,
116, 124, 125,
153, 180, 215,
216, 220, 264,
343, 344, 343,
374, 383, 397
347

112,216
383

111

216

36

438
165, 182, 238

192

597
595
434

417
343



Band dual-frequency 42, 237, 410, Baseband M-ary PAM 161

converting satellite repeater 636, Baseband M-ary system 162
Band limited channel 37, 39,42, 492, Baseband matched filter 225
640 Baseband modulation 239
Band limited signal 37, 39,41, 42, Baseband Nyquist channel 235
43,237, 583 Baseband orthogonal signaling 228
Band limited, power limited 492 Baseband PAM system 163
Gaussian channel Baseband signaling 156, 235, 314,
Band pass channel capacity 494 323
Bandlimited noise 114,117 Baseband systems 43,44
Bandpass (passband) 351 Baseband transmission 27, 48, 51, 136,
transmission 237, 629
Bandpass demodulator 258 . Basic channel 653
Bandpass DS-SS 351, 353 Basic chip shape 339
Bandpass MAM modulator 293 Basic digital subscriber line 607
and demodulator (DSL)
Bandpass modulated signals 331 Basic Dolby system 593
Bandpass modulation 237,238, 239, Basic rate 629
331 Basic rate access (BRA) 607
Bandpass modulators 240 Basic rate ISDN services 629
Bandpass noise 132,136 Basis function 158, 159, 165,
Bandpass representation of 123 166,171, 172,
noise 178, 189, 228,
Bandpass transmission 164 230, 231, 253,
Band-unlimited distortionless 156 260, 264, 266,
channel 292, 366
Bandwidth 29, 147, 289, BASK modulator 240
311, 318,497, BASK see Binary amplitude
546, 568 shift keying
Bandwidth compression 29 Bat 698
Bandwidth efficiency 31, 33, 44, 51, Baud 161, 403, 415,
238, 319, 327, 416, 661
496, 504 Baud rate 235, 239
Bandwidth efficiency diagram 497 Baye’s rule 57,59, 184, 194,
Bandwidth efficiency of M-ary 318 255
FSK Beacon 696
Bandwidth for MPSK 289 Beacon tracker 700
Bandwidth of the 147 Beam current 675
discriminator BER see Bit error rate
Bank of correlators 171, 183, 209, Bessel function of the first kind 128
359, 361 of zero order
Base station 632, 633, 634, BFSK (orthogonal) 314
648, 649, 654 BFSK modulation 245
Base station coverage radius 633 BFSK see Binary frequency
Baseband 27, 39, 331,412 shift keying
Baseband antipodal (bipolar) 230 Bias 423
signaling Bias correction 424
Baseband bandwidth 421 Bidirectional or B frames 593
Baseband binary PAM 161 Big Bang 417
Baseband binary PCM system 235 Binary amplitude shift keying 240, 241, 250,
Baseband binary system 234 (BASK) 251
Baseband channel 27 Binary bandpass MAM 290
Baseband detection 156, 157 Binary bandpass modulation 314
Baseband direct sequence 349 Binary bandpass modulation 315
spread spectrum (DS- SS) scheme
Baseband MAM 290 Binary data sequence 348
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Binary encoded PCM receiver

Binary error

Binary error probability

Binary error rate

Binary frequency shift keying
(BFSK)

Binary phase shift keying
(BPSK)

Binary PSK modaulator

Binary signal vectors
Binary symmetric channel

Binary transmission
Binary wave
Bipolar palse

Bipolar RZ

Bipolar signaling

B-ISDN see Broadband
integrated services digital
networks

Bit allocation

Bit bandwidth

Bit depth

Bit error performance

Bit error probability

Bit error rate (BER)

Bit map

Bit map format

Bit map transmission
Bit prebability

Bit rate

Bit stream
Bit strings

Bit dme
Bitonal

714

191,222

513

512, 514

471

239, 242, 244,
301, 304, 305,
309, 312, 328,329
237, 242, 243,
244, 245, 246,
247,261, 264,
265, 266, 268,
270, 271, 273,
281, 282, 285,
290, 328, 329, 352,
358, 373,379,510
351

229

60, 71,222, 479,
488, 489, 512, 607
165

100

27,28, 228, 232,
235

28,29

230, 231, 232

591
495

569

230, 233, 510
500, 501

203, 277, 284,
328, 515, 625,
637, 651

548, 552, 568
547

569

502

31, 51, 191, 287,
311, 328, 329,
414, 415,421,
495, 496, 499,
553, 555, 559,
560, 564, 595,
598, 603, 607,
618, 625, 627,
629, 630, 631,
636, 637, 640, 661,
666, 668, 670, 673
461, 607, 627,
630, 632, 661, 668
546

495

548, 569

Bi-p-L (bi-phase-level) or
Manchester coding
Bi-¢-M (bi-phase-Mark)
Bi-g-S (bi-phase-space)
Blanking time

Blender

Block

Block code

Block coders

Block coding

Block error rate

Block mode media

Block of symbols

Block preparation

Block size

Bluetooth

Body tracking

Boolean function

Booster

Boresighted

Boundary

Bounds

BPSK /DS-SS

BPSK decision process

BPSK demodulator

BPSK direct sequence receiver

BPSK direct sequence
transmitter

BPSK meodulator

BPSK see Binary phase shift
keying

BPSK signal

BPSK spread spectrum
(BPSK/DS-SS)

BRA see Basic rate access

Broad band noise

Broadband integrated services
digital networks (B- ISDN)

Broadband jammer noise
spectral density

Broadband multi service

network

Broadband TV networks

Broadband wireless access

Broadcast

Broadcast applications

Broadcast cable network

Broadcast quality video on
demand

Broadcast radio and TV
services

Broadcast systems

28

28
28

559

698
572,574, 579,
603, 625, 630,
631, 664
487, 515, 518
532

515

625

620

668

572, 573

625, 651

638, 646, 648
695

342

447

688

185, 498

705, 706

351

263

261, 262, 271
336

336

271,334

352
353,427

348
607
365
601, 607, 614

601
648

561, 605, 606, 618,
622, 623, 629, 638,

653, 675
561
606
629

605

638



Broadcast TV coverage
Broadcast TV networks
Broadcasting standards
Browser

Buffering

Buried in noise

Burst compression
Burst error

Burst rate

Bursts (packets)

Byte interleaving
Byte string

C

C/ A code generator

C/ A generator

Cband

C/N (CNR) Carrier to noise
ratio

Cable

Cable distribution network

Cable modem

Cable network

Calibration

Call connection setup delay

Call request control packet

Canonical equation

Canonical equation of
narrowband noise

Canonical form

Capacitive coupling

Capacity

Capacity boundary

Capacity of a binary
symmetric channel

Captured image

Carrier

Carrier frequency

Carrier recovery

Carrier recovery circuit (CR)

Carrier recovery loop

Carrier spacing

Carrier to noise ratio (CNR)

Carson's rule

Cathode luminescence of
phosphors

Cathode luminescent (e-beam
excited)

Cathode ray tube (CRT)

Causality
CBR see Constant bit rate
CCD arrays

653

605, 618

643

546, 616, 623
627

153

400

515

398, 401, 403
337, 390, 412,
415

664

547

429, 431

432

409, 417, 656
142, 143, 267

618, 648
619
626, 651
605, 618
695, 696
624
624
123,132
123

136
681
481
496, 498
480

552

630

635
269, 270, 305,
412
266, 297
672

645, 646
278

311

688

684

675, 676, 677,
684, 688
474

552

CCD see Charge coupled
device

CD player

CD quality audio

CD ROM

CD-DA digitization

Code division multiple access

(CDMA)

CDMA signal detection
Cdmal
CDMA 2000

CDMA access scheme

CDMA see Code division
multiple access

CDMA systems

Cell base station

Cell cluster size

Cell lag

Cell phone

Cell

Cellular mobile
telecommunication systems

Cellular phone

Cellular phone network

Cellular phone service

Cellular telephone

CELP algorithm

CELP see Code excited linear
prediction

Center of gravity (CG)

Center point sampling

Centered random variables

Central limit theorem

Central moments

Centralized conference server

Centralized mode

Centralized multipoint
conference center of
gravity (CG)

Chaff

Chain rule

Charge coupled device (CCD)

Channel

Channel bandwidth

Channe] bandwidth limitations

Channel bit rate

Channel capacity

Channel capacity after
detection
Channel code

552

555, 590

552, 555, 598

555

338, 348, 379,
380, 397, 635,
636, 637, 638,
639

380

637

3717, 635, 637,
638

635

638
632
635
681
648
632
638

239, 601, 632,
634, 638

601

632

633

636

61
300
73
103, 104, 105,
358
63
614
614
615

448

476,477

552

182, 535

34, 42, 497
34

627, 661

479, 487, 488,
497, 498, 514
494

487

715



Channel coder (n,k)
Channel coder- decoder
Channel coding

Channel coding theorem
Channel decoder

Channel decoding
Channel encoder

Channel interface

Channel interference

Channel noise

Channel rate capacity

Channel redundancy

Channel reuse

Channel selection

Channelization

Chaos

Chaos / random motion

Character strings

Characteristic function

Characteristic of plasma cell

Characteristics of multi
carrier spread spectrum
MC - 88)

Characterization of
randomness

Chat services

Check bytes

Check digits

Chip

Chip duration
Chip rate

Chip repeat factor

Chip technology

Chrominance

Chrominance resolution

Chrominance signal

CIF see Common intermediate
format

Circuit mode

Circuit switched mode

Circuit switched networks

Circular polarization

CL connectionless packet
switched network

Clarke's model

Client seftware

Clipart

Clipping circuit

Clips

Clock recovery loops

716

515, 516, 542
536

458, 487, 488,
512, 515, 516
487, 490

458, 515, 516,
535, 537

458, 535

458, 488, 518,
535

664, 666

635, 638

198, 526
467,487, 488
466

650

659

396

73, 453

453

546

106, 107, 153,
691

646

83

608

664

515

338, 344, 349,
361

361

361, 427, 635,
646

361

684

559,571

561

557, 558

601, 623, 626
626

614, 623, 624,
625

417, 657

624, 626

406, 407, 421
546, 616

547

361

601

672

Clock speed bandwidth
Closed loop synchronizers
Closed object

Closure

Closure property

CLUT see Color look up table
Clutter

Clutter echoes

Coarse /clear acquisition(C/4)
Coarse alignment

Coarse synchronization
Coanxial cable

Code

Code block

Code domain

Code efficiency

Code excited linear prediction
(CELP)

Code for MC-CDMA

Code generation

Code rate

Code sequence

Code vector

Coded orthogonal division
multiplexing (COFDM)

Coder

Codeword bandwidth
Codeword rate
Codeword time
Coding

Coefficient matrix
Coerror function

COFDM digital terrestrial
broadcasting
COFDM modulator
COFDM see Coded orthogonal
division multiplexing
COFDM system
Coberence
Coherence bandwidth of
the channel
Coherence time of the
channel
Coherent detector
Coherent BFSK
Coherent BPSK
Coherent correlator
Coherent demodulation
Coherent demodulator

421
297
547
520
528

438, 439, 441
438, 441

427

372

373

1

333, 337, 338,
339

515

645

460

588, 586

341
348
487, 488, 489,
513, 514, 515,
664
397
524, 526, 528
666

516, 532, 535,
537, 664, 669
495
495
495
451
520 ,
66, 199, 200,
704, 705, 706
673

666

667
77
641

641

137
304,312
351
307
291, 297
266,274



Coherent detection

Coherent detection receiver
Coherent detector

Coherent DS/BPSK
Coherent FSK

Coherent FSK modulator

Coherent loop

Coherent modulator of BFSK

Coherent MPSK

Coherent receiver

Coherent reference

Coherently detected M-ary
orthogonal signaling

Coherently detected multiple
phase signaling

Coherently detected
orthogonal M-ary signaling

Coherently detected signal

Coil

Cold cathode

Color 3D movie

Color anaglyph display

Color CRT

Color difference signals

Color digitized pictures

Color filters

Color look up table (CLUT)

Color mixing systems

Color models

Color PDPs

Color scan

Color TFT liquid crystal panel

Colored noise

Comb filter

Combined FDMA / TDMA

Command and telemetry

subsystem
Command control and
communication (C°) system

Common intermediate format
(CIF)

Communication channels

Communication intelligence
(COMINT)

Communication modes

Communication satellite

Communication systems

Communication theory

Compact code

Compact instantaneous code

Companding

132, 166, 170,

270, 318, 323,
372,373,446
444

135, 352, 355,
356, 357, 358
352

301, 305, 306,
309,311

303

373

319

503

166

441

501

502
499

154

695

688

692

693

675

558

569

684
550, 571, 581,
582

548

549

684

548

692
117,122
95, 96
390, 393
656

446, 447
561, 562, 564

623
447

622

388, 407
447,451

451

464, 466, 509
467

552

Compensation
Complementary error function

Complex envelope of an
OFDM symbol
Component form
Composite binary symbols
Composite video signal
Compressed audio
Compressed frames
Compressed video
Compression

Compression algorithm

Compressor

Computer ~ computer
communication compression

Computer camera

Computer generated graphical

images

Computer graphics

Computer memory

Computer modems

Computer program

Computer telephony

Concentrators

Conditional differential
entropy

Conditional entropy

Conditional error probability

Conditional pdf

Conditional probability

Conditional probability of
error

Conditionally dependent
events

Conduction threshold

Conference server

Congestion

Connection oriented (CO)
packet switched networks

Connection oriented (CO)
network

Connectionless (CL)network

Conservation of probability

Constant bit rate (CBR)

Constant envelope

Constant envelope property

48
66, 199, 200,
704, 705, 706
642

559
599

659

590

593

620

193, 566, 567,
568, 569, 571,
576, 583, 585,
586, 587, 591,
595, 620
566, 583

552

566

698
546, 547

547, 694
547
239
620
545
390
491

455, 456

166

69, 70, 157, 158,
182, 194, 195,
196

57, 58, 59, 222,
456, 473
58,221,222

456

688
614
488
624

624

624

70

620, 626, 627
239

290

717



Constellation

Constellation diagram

Constellation point

Constellation point density

Constellation space

Content of information

Continual pilot

Continuous mode

Continuous pdf

Continuous phase

Continuous phase frequency
shift keying (CPFSK)

Continuous presence mode

Continuous random variable

Continuous tone
monrochromatic image

Continuous tone
monochromatic scan

Continuous variable

Continuous wave waveforms
«w)

Contrast

Control and delay signals

Control panel

Control station of satellite

Conventional ISDN

Convergence of multimedia
services

Convolution

Convelution encoder
Convolution operation
Convolutional code
Convolutional coder

Convolutional coding
Convolutional decoder
Corrective voltage
Correlation
Correlation coefficient

Correlation despreading
Correlation property

718

245, 252, 266,
273, 286, 287,
294, 321

189

321

323

321

568

668

618

483

302,303

303, 311

616
60, 70, 490, 492
568, 571

548

490
436

681
413
555
657, 692
607
637

9, 42, 104, 106,
130, 203, 209,
210, 212, 234,
235,377,348
664, 665, 673
156

532, 672

532, 533, 535,
668, 669, 673
515, 664, 670
537,673

297

73, 77, 153, 181,
209, 364, 373,
378, 595, 695
73, 74, 270, 309,
474

366

343

Correlator

Correlator bank

Correlator configurations

Correlator desigar

Correlator receiver

Correlator version receiver
front end

Correlators’ response to input
noise

Corruption

Coset

Coset of the code
Costas loop

Covariance

Coverage

Coverage area

CPFSK see Continuous phase
(frequency shift keying)

Critical bit rate

Cross correlation

Cross correlation function

Cross correlation of randoem
signal plus noise

Cross polarization attenuation

Cross spectral density

Cross talk

CRT see Cathode ray tube

Crystal device

Crystal pattern

Cumulative distribution
function (cdyf)

Cursor

Customized tables

CW echo

CW radar

Cyberspace

Cyclic shift

D

DAB see Digital audio
broadcasting

DAMA see Demand
assignment muitiple access.

Data

Data blocks

166, 171, 177,
179, 183, 199,
213, 214, 217,
218, 224, 226,
228, 230, 231,
234, 254, 266,
274, 298, 305,
332,336, 372,
373,374, 379
230

215

214

258, 259

254, 256, 258

177

237,595
525, 526, 528,
531,532

524

270, 272, 297,
299

73

650

633

487, 498

82, 97, 114, 153,
224,377,378
96, 100

116

659
96, 97, 98, 100
54,82, 192

690
677
60, 61, 65

547

575

441

436, 440, 441
692

344, 345

394, 401, 415

637
515



Data calls

Data compression
Data conferencing
Data demodulator
Data networks
Data rate

Data symbol

Data throughput

Data transfer

DBS see Direct broadcast
satellite

DC /AC magnetic field

DC coefficient

DCT block

DCT coefficients

DCT see Discrete cosine
transform

DCT transformation

Decay envelope

Decentralized mode

Decentralized mulitipoint
conference

Deception jammer

Decision boundaries

Decision device

Decision errors

Decision making block Detect
block

Decision making process

Decision process
Decision region

Decision rule
Decision threshold
Decision tree
Decoder

Decoder decision tree

Decoding

Decompressed digital audio
signals

Decompression

Decompression algorithm

607
193
614
374
603

32,360,513, 635,

636, 637, 648
645

44

648

695

574, 575, 576,
582, 599

575, 595, 599
575, 599

570
587
614
615

448
189
166, 219, 255,
258, 261, 349,
351
192
156

158, 166, 183,
184, 198

183, 193, 194,
255, 257, 259
185, 276, 277,
279

185, 186, 193
226

462, 509

165, 166,168,
487, 516, 525,
526, 537, 566,
569, 583, 585,
586, 588, 590,
591, 592, 664
472

156

672

566, 582
566

Decorrelation time

Decoy, active

Decoy, passive

Decoys

Dedicated radar

Deemphasis

Default Huffman codewords

Defense

Deflection yoke

Deformation of the sensitivity

Deinterleaving Reed Solomon
decoding

Delay

Delay distortion

Delay jitter

Delay line

Delay locked loop (DLL)
Delay modulation (DM)
Delay spread

Delay time

Deliberate noise jamming
Delta function

Demand assigned TDMA
(DA -TDMA)/ DAMA
Demand assignment multiple
access (DAMA)
Demodulate and sample block
Demodulation

Demodulation process
Demodulator

Demodulator for BFSK
Demultiplexer
Demultiplexing (DEMUX)
Dequantization
DESCR (descrambler)
Desktop videoconference
Desktop VR window on world
(WOW)
Deslotting the information
Despread BPSK signa!
Despred signal

Despreading

Despreading code

77, 78, 100, 101,

112,113,117,

118, 153, 154
448

448

448

447

151, 152, 659
578, 599
406

675

587

672

624, 625, 627,
641, 650

34

626

95

373

28,29

649, 666
153,429

438
7,9,92,112,
113, 114, 120,
181, 216, 348,
484

394, 401, 415

415

156

27, 156, 175,
438, 679, 672
359

137, 138, 139,
157, 252, 253,
258, 261, 284,
332, 349, 361,
378, 535, 638
319

585, 670
4,5,390, 672
591

672

545, 611

692

390
355

333, 349, 374,
378

333, 337, 349,
351,364

378

719



Destructive effect of noise
Detect block

Detectability

Detection

Detection decision

Detection of bandpass signals

Detection of bipolar baseband
signaling

Detection of signal buried in
noise

Detection of unipolar

baseband signaling
Detection process

Detector

Deterministic

Deterministic power signals

Deviation ratio

DFT see Discrete Fourier
transform

Dial up connection

Dibit

Dichroic color separation

Dichroic mirrors

Dicode duobinary formats

Dicode NRZ

Dicode RZ

Dictionary — based
compression algorithm

Differential coding

Differential and runlength
decoder

Differential encoded DC
coefficients

Differential encoding

Differential entropy

Differential entropy for
continuous signals

Differential pulse code
moduiation (DPCM)

Differentiator

Diffracted propagation paths

Diffraction

Diffraction grating

Diffraction pattern

Diffuse scattering

Diffusion (downlink)

Digital audio

Digital audio broadcasting
(DAB)

720

475

157

438

156, 158, 175
,3446

438

233

232

382
229

158, 159, 166,
176, 183, 191
165, 166, 168,
169, 176, 364,
575, 579, 585,
696

178, 180

76

316

603

161, 164
684

683

29

29

29

569

27, 567, 568,569,
576,579, 595
582

579

490, 491, 493,
510
491

583

151
649
649
696
698
687
670
590
638, 640

Digital bandpass transmission
system

Digital broadcast

Digital camera

Digital communication

Digital figure of merit

Digital format4:2:2

Digital information

Digital light processing (DLP)

Digital link

Digital micromirror device
(DMD)

Digital mode

Digital movies

Digital PAM

Digital satellite channel
interface

Digital speech interpolation
(DSD)

Digital subscriber line (DSL)

Digital systems

Digital TDMA/FDMA (2G)
systems

Digital telephony

Digital transmission

Digital transmission in analog
networks

Digital TV

Digital TV broadcast

Digital TV receiver

Digital TV services

Digital TV transmission

Digital versatile disc (DVD)

Digital video broadcasting
(DVB)

Digital video broadcasting
satellite(DVBS)

Digital video encoder

Digital video program

Digital YUV signal

Digitalized document

Digitalized image

Digitalized scanned document

Digitization

Digitization format

Digitization of the RGB signals

Digitization parameters for
video signals

Digitized audio

Digitized audio stream

Digitized color picture

Digitized document

167

591
552
1,2, 191,192
191
559
607
684
169, 421, 460
684

607
546
32

673

415

601, 603, 608,
618, 629, 648
558
635

50, 398
39
602

548, 558, 562,
661

563, 587, 666
670

605

657

648

638, 639

661

672
673
672
608
607
608
568
561, 562, 626
559
559

555
620
548
547, 548, 568,
569



Digitized image

Digitized movie/video

Digitized picture

Digitized TV program

Digits

Direct broadcast satellite(DBS)

Direct path line of sight

Direct sequence code division
multiple access
(DS - CDMA)

Direct sequence parallel search
acquisition

Direct sequence spread BPSK

Direct sequence spread
spectrum (DS - SS)

Direct sequence/binary phase
shift keying (DS/BPSK)

Direct to home satellite TV
transmission (DTH)

Directional attenuation

Directive antennas

Directive transmission antenna

Directivity

Directivity of the transmitting
antenna

Discrete cosine transform
(DCT)

Discrete Fourier transform
(DFT)

Discrete memoryless channel

Discrete memoryless source
(DMS)

Discrete multi tone (DMT)
Discrete random variable
Discrete source
Discriminator

Disorder

Display

Display controller
Display devices

Distance education
Distance measurement
Distance training
Distortion

Distortionless channe)
Distortionless display
Distortionless transmission
Distribution functions

552, 564, 566,
569
618
547, 548, 562
661
461
409, 657, 661
648, 649, 666
338, 339, 372,
377, 645, 646

374

357

334, 349, 359,
361, 372,373,
379, 381

334, 335, 351,
380

657

420, 421
436, 635
419
419
419

568, 569, 571,
572,599
588, ,590, 640,
668

58, 487

58, 458, 459,
460, 462, 463,
466, 467, 468,
487, 488, 509
630

490

460

146, 147

453

681

550

675

613

175, 176

613

2,3, 10, 42, 54,

156, 162, 165,
192, 237, 244,
550, 562, 635,
696

34,138

564

34

60

Dither tan loop (DTL)

Diversity

Division of noise PSD into
delta functions

DLL circuit

DLL for tracking DS signals

DLL see Delay locked loop

DLP see Digital light
processing

DM see Delay modulation

DMD operation

DMD see Digital micromirror
device

DMS see Discrete memoryless
source

DMS source

DMT operation

DMT see Discrete muliti tone

Document camera

Dolby acoustic coder

Dome

Doppler effect

Doppler filter

Doppler frequency range

Doppler frequency shift

Doppler radar

Double side band (DSB)

Double side band (DSB)
modulated signal

Double sided Nyquist
bandwidth

Double side band suppressed
carrier (DSBSC)

Down conversion

Down stream channel

Downconversion

Downlink

Dowalink bursts

Downloading

DPCM see Differential pulse
code modulation

Drive voltage

DS—CDMA see Direct sequence
code division muitiple access

DS — S8 see Direct sequence
spread spectrum

DS/BPSK receiver

DS/BPSK see Direct
sequence/binary phase shift
keying

DSB bandwidth efficiency

DSB see Double side band

374,383
360, 362
144

383
376

689

461
692

613

591

692

434, 439

441

431

427, 436, 440,
441, 443, 445
439, 440, 442
48,238

39

239
137, 138, 154

653

629, 630, 631
670

388, 409, 417,
634, 636, 637,
653, 656, 637,
661

390

620

675

355

238

721



DSBSC see Double side band
suppressed carrier

DSBSC transmission

DSI assignment

DSI see Digital speech
interpolation

DSL see Digital subscriber line

DSL technology

DSP chip

DS-SS analysis

DS-SS see Baseband direct
sequence spread spectrum

DTL see Dither tau loop

Dual camera configuration

Duplex

Duplex bit stream

Duplex transmission

Duplexer

Duration-limited signal

DVB see Digital video
broadcasting

DVB transmission / reception

DVBS see Digital video
broadcasting satellite

DVD see Digital versatile
(video) disc

Dynamic assignment (demand
assignment)

Dynamic range

Dynamic scattering

E

E- mail network

Ear

Early analog satellite TV

Early and late arms

Early gate integrator

Early late circuit

Early late gate circuit

Early late gate synchronizer

Early warning and search
radar

ECCM see Electronic counter
counter measiures

Echo

Echo pulse

Echo signal

ECM see Electronic counter
measures

Editing

Education

EEPROM see Electrically
erasable programmable
read only memory

722

136
416

629
537
354

688
623
631
634
438
40, 41

671

394

587
677

611
587
653
374
297
299
297
299
445

434, 443
435

435, 436, 437,
438, 439, 443

547, 558
546, 695

Effect of frequency on

masking effect
Effective area
Efficiency

Efficiency of transmission

Efficient transmission

Eigenfunction

Eigenvalue

EIRP see Equivalent isotropic
radiant power

Electric journalism

Electrical breakdown

Electrically erasable
programmable read only
memory (EEPROM )

Electro optic search system

Electro optic sensors

Electromagnetic feedback

Electron avalanche process

Electron beam

Electron collision

Electron emission

Electron gun

Electronic counter counter
measures (ECCM)

Electronic counter measures
(ECM)

Electronic government

Electronic guidance devices

Electronic intelligence
(ELINT)

Electronic jamming

Electronic measures (EM)

Electronic photography

Electronic sensing device

Electronic sensor

Electronic switch

Electronic warfare

Electronically steered phasged
array

E-library

EM see Electronic measures

E-mail

Emission of light

Emission spectrum

Emissive device

Emissive displays

Emissive panels

Emitter-receiver distance

Encoded symbol transmission
rate

590

437
458, 464, 487,
509, 510, 512

468

461
235
235

546
688
659

447
447
635
688
675
638
688
675
445, 447, 448

445, 447, 448

546
445
447

447
448
552
447
446
679, 681
434, 447
438

601

545, 546, 608,
620, 627

684

688

677

684

687

696

488



Encoder

Encoding

Encoding procedure
Encryption

End of bit stream (EOB)
End to end delay
Energized cell

Energy detection
Energy signal

Energy spectral density
Enhanced ISDN
Ensemble

Ensemble average
Entertainment systems
Entropy

Entropy encoder

Entropy for a binary system

Entropy of a noiseless binary
system

Entropy of continuous signals

Entropy of the continuous
random variable

Entropy power

Envelope

Envelope delay
Envelope detection
Envelope detector

Envelope of narrowband
filtered noise

EOB see End of bit

Ephemeris

Equalization

Equalizing filter

Equalizing network

Equivalent input bit rate

Equivalent isotropic radiant
power (EIRP)

Equivalent noise bandwidth

Equivalent noise power
Equivocation

Ergodic process

165, 168, 460,
487, 488, 566,
569, 575, 585,
586, 588, 591,
592, 664

487

596, 597

193

579

626

681

361

76, 7107

91, 93, 100, 210
607

84, 85

84, 85, 86
692, 695, 698
452, 453, 456,
459, 461, 463,
466, 467, 468,
509, 510, 566,
57

576

454

479

481
491

484

125, 126, 139,
164, 311

34

141

139, 140, 143,
144, 154, 301,
321, 361, 374,
438, 444

123

423

156

42,157

34

627

418, 419, 421

118, 119, 120,
153

356

475, 476, 477, 478,
484, 492,510
85,107

Ergodic strict sense Gaussian
random process

Ergodicity

Error

Error and syndrome

Error burst

Error control

Error control techniques

Error correction

Error detection

Error free communication rate

Error free encoding
Error free transmission
Error function

Error pattern

Error performance
Error probability
Error rate

Error rate diagram
Error signal

Error threshold
Error vector
Estimator

European PCM multiplex
format

Eutelsat

Even parity

Excess bandwidth

Excess noise

Excess temperature

Exchange of bandwidth and
S/N

Existence condition

Expander

Expectation value

Expected value

Extended prefix code

Extended prefix source
encoder

Extended source

Extraction and generation of
the in-phase and quadrature
noise outputs of BPF

Extreme graphic array
(XGA)

Eye tracking

8-PSK modulator

8-ary FSK

8-ASK

107

85, 86

488, 532, 535
532

664

390

515

514,670

29, 514, 515
485

461

498, 504

65, 704

524, 525, 526, 528,
529, 530, 531
228,230, 381,
499, 502

284, 305, 479,
481

191, 219, 455,
480

498, 499

297

191, 192

524
166,168,219,255,
258,261,349,351
401

657

516

46, 48, 51, 235
55, 133, 134, 136
135

486

487

552

84

61

466

458, 467

466
133

551

698
287
360
240, 243, 250,
328

723



8-PSK

8-PSK constellation

F

Face tracker

Fading

Fake space

False alarm

False radar target

Fano Shannon code

Fano Shannon coding

Fast access internet service
Fast frequency hopping spread
spectrum (FFH/SS)

Fax

Fax communication

Fax printer

FDD see Frequency division
duplex

FDM / FM / FDMA system

FDM / FM signal

FDM see Frequency division
maultiplexing

FDMA / TDMA systems

FDMA delay time

FDMA multiple access scheme

FDMA see Frequency division
multiple access

FDMA subchannels

FDMA systems

FDMA/TDMA equivalence

FEC see Forward error
correction

FED see Field effect display

Feeling of presence

FET see Field effect transistors

FFH/ss see Fast frequency
hopping spread spectrum

FFH/MFSK demodulator

FH - CDMA

FH Jammer

FH system

FH/MFSK

FH-SS see Frequency hopping
spread spectrum

FH-SS system

Fiber

Fiber optic sensor

Fiber topic network

Field effect display (FED)

Field effect LCD

Field effect transistors (FET)

724

242, 244, 248,
249, 250, 288,
289, 328

250, 273, 274

696, 699

360, 397, 512,
548, 635, 645
698

438

448

510

465, 467

630

361,363

363, 548, 549,
569

607, 610

548

388, 409, 411
412

635
394
634

637
635
393

692

361, 364
339, 397, 398
3N

373

360

360
629
698
618
648, 688
677
679

Field emission

Field emission cathode

Field emission display (FED)

Field of coverage

Figure of merit

File reference

Filter bank

Filter roll off

Filtered white noise

Filters and oscillators

Fine alignment '

Fine synchronization

First generation of cellular
systems

First in First out (FIFO)
scheme

First moment

Fish tank VR

Fixed assignment

Fixed assignment TDMA

Fixed bit allocation

Fixed clutter

Fixed length block

Fixed TDMA assignment

Fixed telephone

Flare dispenser

Flash EPROM

Flat noise PSD

Flat panel display

Flicker

Flybox

FM broadcasting

FM demodulator

FM Detection

FM modulator

FM synthesis

Focal length

Foot print / field of coverage

Form of representation

Format control character
sequences

Formatted (rich) text

Formatted text

Formatting

Forward adaptive bit
allocation

Forward and return ADSL

Forward DCT

Forward error correction
(FEC)

Fourier integral

Fourier operations

Fourier series

688
688
684
666
133
616
587, 588
48
116
640
372
373
633

627, 628

63
692
394
391
591, 593
436
630
390
632
448
672
109
679
548, 550, 561,
679
698
151
151
145
151
557
188
653
568
546

546
546
237
591, 593

630

571

515, 630, 664,
670

54

708, 709
5,7, 16, 54, 160



Fourier transform

Fourier transform pair

Fourth generation of wireless
systems (4G)

Fractals

Fractional excess bandwidth

Frame

Frame alignment

Frame alignment bit

Frame buffer

Frame builder

Frame building

Frame decoder

Frame duration

Frame efficiency

Frame format

Frame rate

Frame refresh rate

Frame sequential

Frame structure

Frame synchronization

Frame time

Frame types

Free switched service

Frequency

Frequency converter

Frequency deviation

Frequency direction

Frequency diversity

Frequency division duplex
(FDD)

Frequency division multiple
access (FDMA)

Frequency division
multiplexing (FDM)

Frequency down converter

Frequency hopper

Frequency hopping
(FH-CDMA)

Frequency hopping acquisition
scheme

Frequency hopping spread
spectrum (FH-SS)

Frequency masking

Frequency modulation

Frequency of transmission

5,7,8,9,11,17,
25, 34, 41, 88,
91, 92, 93, 97,
98, 106, 112,
118, 129, 205,
208, 212, 216,
344, 348, 365,
569, 571, 708
89, 96, 100, 112
638

547

46

390, 580, 668

398

403

552

580

5N

582

414

403,413, 416

590, 592, 669,
673

595

548, 559

690

415

412

421

594

601

559

658

316

645

370

632, 634,636,

637

331, 337, 387,
388, 389, 392,
395, 396, 397,
412, 638, 639

237, 239, 387,
412

653, 659

373, 397, 634

339, 359, 362,
397

375

334, 359, 360,
369,372,379
587, 589

443

625

Frequency reuse
Frequency reuse efficiency
Frequency shift keying (FSK)

Frequency slot
Frequency synthesizer

Frequency word

FSK coherent demodulator

FSK demodulator

FSK modulator

FSK noncoherent demodulator

FSK Orthogonal signaling of
noncoherent

FSK see Frequency shift
keying

FSK tone

FSK transmitter

Full channel capacity

Full color PDP

Full time early late tracking
loop

Fully serial DS search

Fundamental limit

4-ASK

4-ASK (4-ary ASK)

4-FSK

4G

4G high speed wireless
multimedia communication
systems

4-level baseband signaling

4-PSK

4-PSK (QPSK)

4-PSK modulation
4-PSK modulator
4-PSK quadrature PSK

(QPSK)

G

Gain

Gain of an antenna

Gallium arsenide (GaAs)
semiconductors

Game participation

Gamma Correction

Gaseous discharge

Gateways

635
635
164, 165, 168,
237, 238, 239,
242, 244, 301,
303, 305, 306,
308, 458, 502
412
301, 319, 359,
379, 421, 659
383
305
307
303
310
360

361
317
489
688
373

373

468, 487, 493
241, 243, 250,
328

240

242,244

640

640

206

240, 242, 244,
246, 249, 253,
255, 256, 257, 258,
287, 289, 328
243,248

288

285

242

419
436
659

618
675
688
603

725



Gaussian

Gaussian Channel
Gaussian distribution

Gaussian function
Gaussian noise

Gaussian process
Gausgian random process
Gaussian random variable

Gaussian tail

Gaussian white noise

General expression for
equivocation

General packet radio service
(GPRS)

Generalized default Huffman
codewords

Generator matrix

GEOQO see Geostationary earth
orbit

Geosynchronous satellite

Geostationary earth orbit
(GEO)

Geostationary orbits

Geostationary satellite sygtems

Geosynchronous
(geostationary) orbit

GIF see Graphics interchange
format

Graphical interchange format
(GIF)

Global maritime
communication

Global positioning system
(GPS)

Global star

Global surveying

Global system for mobile
communication

Gloves

Gold codes

GOP see Group of pictures

GPRS see General Packet
Radlio service

726

111, 123, 124,
127, 128, 132,
142, 157, 180,
181, 183, 193,
199, 257, 263,
482, 484, 491,
492, 493, 494
499

63, 64, 68, 122,
126, 175, 176,
219, 358, 481,
484,510

104, 105

203

105, 106

107

105, 135, 182,
208, 221, 254,
275, 358, 379,
706

706

120

476

637

579

520,524

653

653

388
407,417, 421,

650, 654 , 656
406, 407

548
649

406, 423, 425,
428, 431, 445
650
423
634

694, 698
428

GPS C /4 signals

GPS clock

GPS data format

GPS equations

GPS satellites

GPS see Global positioning
system

GPS signal

Gram Schmidt
orthogonalization procedure

Graphic controller

Graphics

Graphics interchange format
(GIF)

Gray code

Gray coded 16-QAM
constellation

Ground mapping

Group

Group delay

Group of pictures (GOP)

Group special mobile (GSM)

Global system for mobile
(GSM)

GSM see Group special mobile
or Global system for mobile

Guard

Guard band

Guard bits

Guard interval

Guard space
Guard time

Guidance

Guidance data

Guided transmission
Guided weapon delivery

H

Half duplex
Hamming bound
Hamming code

Hamming distance
representation

Hamming process

Hamming weight

Handover

Hard decision

Hard handover

Hard kill

HDSL see High speed DSL

428
423
428, 429
423
423

427
170, 172, 246

675
547
569

273, 281, 285,
291, 503
295

445
413

34

595

337, 634, 636,
638

337, 634, 636,
638

403
50, 394, 653, 656
416

416, 642, 666,
668, 673

657

390, 394, 640,
645

446

447

1

446

623
525
516, 518, 529,
531
527

518
527,530
633
157
635
447



HDTYV see High definition
television

Head

Head mount display (HMD)

Head tracking

Header

Headmount

Hearing thresholds

Heat seeker

Heisenberg uncertainly
principle

Hierarchical mode

High bit rate

High bit rate channel

High bit rate connection

High bit rate modem

High data rate information

High data rate signal

High data transfer

High definition television
(HDTYV)

High level language

High level language compiler

High pass filter (HPF)

High power amplified (HPA)

High rate data stream

High rate DS spread data
stream

High rate TDMA

High rate TDMA frame

High speed access to the
internet

High speed channel

High speed data service

High speed DSL (HDSL)

High speed interactive services

High speed modem (HS)

High speed PSTN modem

High speed symmetric channel

High viscosity liquid crystal

Higher bit rate channel

Highway safety

Hiperlan/2

HMD see Head mount display

Home page

Homing

Homing , active

Homing , passive

Hop duration

Hopping

Hopping band

Hopping bandwidth

Hopping frequency

Hopping range

Hopping rate

603

694, 698, 700
692

580, 581, 590,
624, 661, 664
696

590

448

54, 112

583

623, 632
605, 629, 664
618

618

413

323

646

550, 561, 564,
598

547, 548
548

630

409

640

645

401, 403
401
629

629
636
629
629
601,651
605
629
681
607
434
638

616
447
447
447
361
361, 363
361

359, 360, 379, 383

361
359
360, 361, 379

Horizontal and vertical
polarizations

Horizontal frequencies

Horizontal polarization

Horizontal resolution

Horizontal spatial frequency

HPA see High power amplified

HPF and ADSL-Lite modem

HPF see High pass filter

HS modem

HTML see Hyper text markup
language

Huffman code

Huffman decoder

Huffman encoded bit stream
Huffman encoding

Huffman table of values
Human computer interaction
Hybrid CDMA

Hybrid model

Hybrid multipoint conference
Hybrid of TDMA and FDMA
Hybrid system

Hyperlink

Hypermedia

Hypermedia document

Hypertext

Hypertext document

Hypertext linkage

Hypertext markup language
(HTML)

I

1/ 0 devices

I and P frames

I and Q analog signals

I frame

I, B frame

ICO see Intermediate circular
orbit

Icon

Ideal communication theorem

Ideal Nyquist filtering

Ideal Nyquist pulse

Ideal system

Identifier

IDFT see Inverse discrete
Fourier transform

IEEE 802.11a/b

IF amplifier

IF carrier

IF see Intermediate frequency

IF/RF signaling

417, 656, 658

574
658, 659
507, 563
568

630

603

468, 469, 471,
510, 566, 579,
595, 599

582

599

469, 576

581

626

397

591

615

390

614

545, 546, 547,
616

545, 616

616

545, 546, 616
616

617

546, 616

695
594
670
593, 594, 595
594

616
485

50, 642

44

494, 496, 498
664

638
438
670

314

727



IFFT see Inverse fast Fourier
transform

Image

Image / block representation
Image builder

Image burn-in effect
Image contrast

Image plane

Image preparation
Image processing

Image representation
Image tracking
Image/block preparation
Imaging

Imaging devices

Imaging radars

IMAX

Immersed in noise

Immersion

Immersive interactive multi
sensory

Immersive systems

Immunity

Improved 2G

Improvement factor

Improvement in /N

Impulse response

Impulse train

Impuise transfer response

In phase and quadrature
demodulators

In source intermediate format
(SIF)

Independent Gaussian random
variable

Independent random processes
Independent random variable
Individualized VR experience
Information burst
Information capacity of
continnous signals
Information capacity of the
channel
Information capacity theorem
Information code rate
Information content
Information gathering
Information in a noisy channel
Information in continuous
signals
Information rate
Information rate capacity

728

545, 548, 608,
620, 626, 637
571

582

687

687

689

573

698

547

698

573

434

444

444, 445

692

114

692, 695

692

694

638, 640

635

152

154

44, 86, 97, 156,
208, 209, 212,
234, 258, 291,
298

5,8,25

49

636

561
106, 125, 195

94

71, 104, 182
698

412

484

492

492, 493
512
506
546
471
480

487
496

Information rate of the source
Information stream
Information technology
Information theory

Information transfer

Infrared source (IR)

Infrastructure mode

Initialization

INMARSAT

In-phase and quadrature noise
spectral densities for
bandpass noise

In-phase component

In-phase correlator

In-phase power

Input bit rate

Input devices

Input multiplexer (MUX)

Input-output PSD of noise in
FM

Instantaneous code

Integral modem

Integrate and dumb circuit

Integrated receiver decoder
(IRD)

Integrated services digital
network (ISDN)

Integrated speech and video
streams

Integration

Integration time

Integrator

Intelsat

Intelsat digital transmission

Intentional jammers

Interaction

Interaction channel

Interaction tool

Interaction with a video server

Interactive applications

Interactive multimedia

Interactive multimedia
networks

Interactive purposes

Interactive satellite TV systems

Interactive TV

Interation method

488

611, 613, 614, 618
451 '
193, 451, 454,
458
473,474, 475,
477,478, 481
696

648

633

649

131

122, 124, 125,
130, 132, 135,
154, 281, 305,
636

305

130

627

694, 698

409

147

463, 464
607

211, 219,300
670, 671, 672

601, 603, 607,
608, 614, 626,
627, 629, 651,
666
611, 613, 614,
623
638
297
349
397
402
448
698
605
698
620
545, 616, 626
598
605

605
605
605, 618, 619,
546
426



Intercoded or interpelated
frames

Interceanecting limks

Interface

Interference

Interference margin

Interference resistance margin

Interfering noise

Interfering or jamming signal

Interlaced scanning

Interleaved pictures

Intermediate circular orbit
Ico)

Intermediate frequency (IF)

Intermediate service provider
(ISP)

Internal gateway

International calls

International gateway
exchange (IGES)

Internet

Internet backbone

Internet communication
protocol

Internet packets

Internet protocols (IP)

Internet web

Interocular distance

Interpersonal communication

Interpersonal telephony
networks

Intersite backbone network

Intersymbol influence

Intersymbol interference (ISI)

Intranet

Intranet backbone network

Inverse DCT

Inverse discrete Fourier
transform (IDFT)

593

625

673

54, 156, 192,
193, 237, 323,
333, 337, 339,
349, 356, 357,
361, 370, 378,
390, 398, 403,
409, 417, 438,
447, 448, 512,
630, 635, 649,
656, 657, 635,
640, 668

383

359

364

352,357

550, 559,561
692

650

659, 672
603, 608

603
601
601

546, 569, 598,
601, 603, 613,
614, 616, 618,
626, 664, 692
604
608

627
603
545
690
545
609

603

456, 457, 545
42,43, 4, 82,
156, 157, 237,
164, 640, 641,
645, 666, 668,
673

603, 614

603

57N

642, 668

Inverse fast Fourier transform
(IFFT)

Inverse Fourier transform

Inverse OFDM based on DFT

Ionosphere

Ionospheric delay error

IP see Internet protocols

IR counter measures

IR guidance

IR guided missiles

IR see Infrared source

IR seeker

IR systems

IRD see Integrated receiver
decoder

Iridium

15-95

ISDN DSL (IDSL)

ISDN network

ISDN see Integrated services
digital network

ISI free

ISI free PRK signaling

ISI free reception

ISI free system

ISI free transmission

ISI raised cosine condition

IS] see Intersymbol
interference

Isolation

Isotopic antenna

Isotopic source

Isotropic transmitting antenna

ISP see Intermediate service
provider

J

Jammer

Jammer energy
Jamming

Jamming options

Jamming signal

Jitter

Joint distribution function
(edf)

Joint entropy

Joint moment

Joint photographic expert
group (JPEG)

Joint probability

Joint probability density
function (j pdf)

Jointly Gaussian

642

42, 44, 118, 125,
571
642
417, 656
425

448
447
448

47
447

650

636, 637, 638
629

606,607

288
328
235,316
278
238,239
421

409
419, 436
418, 419
419

364, 365, 368,
369, 370, 371

369

333, 348, 360,
364, 446

367

356, 364

624, 626, 627

69

476,478
73
571, 576, 582

56, 57, 456
69

123

729



Jointly wide sense stationary
Joystick

JPEG sigorithm

JPEG decoder

JPEG encoder

JPEG eacoding
Jukebox

K

Kell factor

Kepler's laws

Kraft McMillan’s inequality
Ku-band

L

LAN interface

LAN see Local area network
Laptop

Laser guided ammunition
Laser radar (Lidar)

Laser radar receiver

Laser range finders

Laser raaging

Laser ranging trackers
Laser systems

Late gate integrator

Lstency

Launching vehicle

Law enforcement

Law rate

LC cell

LCD monitors

LCD panel

LCD projector

LCD see Liquid crystal display
LED see Light emitting diode
Lempel-Ziv Welsh coding
Lenticular sheet

Level generator

Levels of stationarity

Light emitting diode (LED)
Light trap

Light valve systems

Lighting

Lightuing access control
Likelihood function

Likelihood ratio
Likelihood ratio test
Limbas tracking
Limit of resolution
Line codes

Line of sight (LOS)
Line sampling

730

123

698

591,594

581, 582,599
572, 580, 581,
599

577

618

507

406, 407
462,463

409, 417, 656,
657, 658, 670

608

681
445
444
446
448
696
696
447
297
695, 696
407
434
568
678
681
681
683

569

692

291

84

687, 696
684

679

695, 698
648

182, 184, 185,
199

194, 195
193, 194
698

449
27,237, 331
649, 696
560

Line sampling rate
Line termination board

Linear block code

Linear block encoder

Linear code

Linear feedback shift register
Linear polarization

- Linear polarization in digital

satellite TV

Linear predictive coding
(LPC)

Linear quantization

Linear time invariant filter

Linear time invariant system
(LTT)

Linearization

Linearization and iteration
approach

Link margin

Linkage

Linkage information

Linkage points

Line of sight

Lip sync

Liquid crystal cell

Liquid crystal display (LCD)

Liquid crystal material
Liquid crystal shutter device
Liquid micro switches

LNA see Low noise amplifier
LNB converter

LNB see Low noise block
LNC see Low noise converter
LO see Local oscillator
Local area network (LAN)
Local exchange

Local modulation
Local oscillator (LO)
Local search radar
Location

Locking

Long range

Long range radars
Long range search radar
Look up tables

LOS see Line of sight
Loss of information
Lossless compression

Lossless protected error free
transmission

563

630

518, 519, 520,
521, 524, 525,
526, 528

519

522

342,348
417, 657, 658,
669

669

585, 586, 588

552
86, 89, 205
13

426
425

370

546

616

616

696

696

677, 681
675, 677, 679, 681,
683, 685, 698
681

690

696

659

603, 613, 614
601, 623, 629,
630
688
409, 438, 659
446
434
297
646
443
447
675

566
461, 566, 568,
569
461



Lossy compression 461, 508, 566, M-ary modulation 238,288
568 M-ary orthogonal signal 499, 503
Lossy sequential base line mode 571 M-ary PAM 32, 33, 44, 162,
Lossy transmission 461 194
Loudness 585 M-ary pulse modulation 32.
Low based 598 M-ary signaling 499
Low bit rate channel 590, 623, 629 M-ary system 290
Low bit rate communication 635 Masking properties 590
Low bit rate connection 618 Matched condition 111
Low bit rate interaction 666 Matched filter 8, 205, 207, 209,
Low bit rate return channel 605 210, 211, 212,
Low data rates 417 213, 218, 219,
Low frequency speech signal 630 224, 226, 234,
Low level code 547 235, 258, 298,
Low noise amplifier (LNA) 409, 653,659 301, 305, 307,
Low noise block (LNB) 653, 655, 658, 310, 328, 373,
659, 670, 672 438, 443
Low noise converter (LNC) 653, 658, 670 Matched filter implementation 262
Low orbit satellite systems 650 Matched filter receiver-version 260
Low pass filter(LPF) 629 Matched filter-squarer 321

Low pass filtered white noise 117 Matched or correlated filter 156

Low rate data services 636 Matched version receiver front 258
Low rate data stream 401 end
Low rate substreams 640 Matching 466, 468
Lower frequency AC 576 Matching of source to the 467
coefficients channel
Lower frequency band 629 Mathematical representation 547
Lower spatial frequency 574 Matlab 153
components Matrix addressing 688
LPC encoder 585 Matrix form 426
LPC see Linear predictive Matrix switch 417
coding Maximum a posteriori 194
LPF see Low pass filter criterion (MAP)
M Maximum aposteriori 184
probability rule
M -ary amplitude modulation 240, 290, 291, Maximum delay jitter 626
(MAM) 294 Maximum end to end delay 626
M -ary ASK (M ASK) 240 Maximum information rate 481
M -ary PSK (M PSK) 270 Maximum length 383
Machine code 547 Maximum Jength linear shift 428
Machine code of a program 547 register
Macro block 595, 596, 597 Maximum length sequence 343, 344, 345,
Magnetic interference 696 (MLS) 346, 348, 383,
Magnetic recording 27 429
Magnetic tracker 695 Maximum length sequence 343,428
Magnification 685 (MLS) generator
Mail box 608 Maximum likelihood 189
Mail server 608 Maximum likelihood 373
Main lobe bandwidth 314 algorithm
Majority rule 4585, 489, 512, Maximum likelihood decision 185
513 Maximum likelihood decoder 183, 185
Make up information 472,473,476 Maximum likelihood rule 196, 197
Manchester code 29 Maximum link bit rate 624
Manufacturer's serial number 633 Maximum network packet size 651
Marginal density 69,70 Maximum of the mutual 492
M-ary FSK (MFSK) 318 information

731



Mazximum packet size

Maximum rate of information
transfer

Maximum round trip delay

Maximum start up delay

Maximum unambiguous range
of a radar

Maximum waiting time

MB see Multilevel binary

MC - CDMA
(OFDM-CDMA) see
Multicarrier code division
maultiple access

Maulticarrier direct sequence
code division multiple access

(MC-DS-CDMA)

MC - SS see Mult carrier
spread system

MC based communication

MC demodulator

MC modulation

MC modulator

MC see Multipoint controller

MC systems employing OFDM

MCPC see Multichannel per
carrier

MCU see Multipoint central
unit

Mean bit error rate (BER)

Mean packet error rate (PER)

Mean packet transfer

Mean packet transfer delay

Mean packet transfer rate

Mean square value

Mean squared error (mse)

Measure of error

Mechanical polarizer

Media stream

Medium orbits

Medium range networks

Memory

Memory buffer

Memory for the random signal
Memery size

Message

Mesaage bits

Message block

Message delay

Message row vector

Metrics

Metro zones

732

625
487

626
626
437,449

395

640, 645

643

642

642, 644, 645
641, 642

645

625

625

625

625, 626

626, 627

63, 88, 89, 90
19, 20, 21, 22, 25
695

659

614

650

646

547, 548, 550,
551, 555, 558,
559, 560, 562,
563, 564, 568,
580, 608, 627
561, 624, 627
112

553, 582

603

519

519

394

519, 520

185, 191

648

MFSK coheremt demodulator
MFSK cohereat modulator
MFSK modulation
MFSK noncoherent
demodulator
MFSK noncoherent modulator
Micorolens array
Microcontroller
Microprocessor
Microwave
Microwave modem
Microwave power amplifier
Microwave radar
Mid riser quantizer
Mid tread guamtizer
MIDI see Music instrument
digital interface
Military
Military applications
Miller coding
Minimum bandwidth
Minimum detectable signal
power
Minimum distance
Minimum distance likelihood
Minimum distance of a linear
block
Minimum error criterion
Minimum euclidean distance
Minimum hamming distance
Minimum image resolution
and size
Minimum Nyqmist bandwidth
Minimum phase shift keying
(MPSK)

Minimum separation between
the tones

Minimum shift keying (MSK)

Missile guidance

Missile launchers

Missing block

Mixer

MLS see Maximum length
sequence

MM see Multimedia mail

Mobile (cellular) telephony

Mobile commumication

Mobile links

Mobile station

Mobile switching centers
(MSC)

322
322
397
320, 321

320, 321
684
659
672
164
661
653
444

16, 19
16,19

434
406, 698
28,29
348

437

530
258
528

194
294
513
626

45
270, 273, 274,
277, 278, 280,
281, 2990, 291,
318, 319, 321,
323, 326, 327,
331, 359, 499,
503, 504, 505
361

K18
444
447
625
409, 438, 441

406, 601, 632
333
618
633
601



Mobile telephone switching
office (MTSO)

Mobile users

Mobile wireless broadband
connectivity

MOD see Movie on demand

Modem

Modulated long pulse
Modulated transmission
Modulating random signal
Modulation

Modulation index
Modulation is 8-ary FSK
Modulation plan for FDM
Modulation schemes
Moduiator

Modulator-demodulator pair

Modulo 2 adder

Module 2 addition

Modulo 2 arithmetic

Molecular alignment

Molecules in a liquid crystal

Monitor

Monitoring

Monochrome piasma display
panel

Monoscopic images

Motion capture

Motion compensation

Motion estimation

Motion parallax effect

Motion Pictures Expert Group
(MPEG)

Motion vector

Mouse

Movie

Movie on demand (MOD)

Movie/video on demand
(VOD)

Moving JPEG (MJPEG)

Moving target indicator (MTT)

MPEG -2

MPEG audio coder

MPEG block

MPEG coder

MPEG perceptual coder

MPEG see Motion Pictures
Expert Group

MPEG standards

MPEG-1

MPEG-2

632, 633

632
648

290, 601, 603,
618, 666, 672
443

629

95

27, 630, 668

142, 143, 316
360

389

237

27, 136, 165,
166, 168, 169,
239, 240, 242,
252,281, 291,
301, 535, 638
261

342, 428, 429
516, 526

521

677

678

548

648

688

692
695, 697
593, 595
593, 595
694
590, 598

595
698
545, 601
546,618
618

591

436

598, 661, 673
587

672

591

590, 592

598
598
598, 670

MPEG-2 decoder

MPEG-2 encoder

MPEG2 source coding

MPEG-3

MPEG-4

MPEG-7

MPSK demodulator

MPSK gquadrature modulator

MPSK see Minimum phase
shift keying

MSC see Mobile switching
centers

Mse see Mean squared error

MSK see Minimum shift
keying

MTI see Moving target
indicator

MTSO see Mobile telephone
switching office

Multi binary wave forms

Multi carrier modulation

Multi carrier spread system
MC -SS)

Multi carrier transmission

Multi channel composite signal

Multi destination FDM/FM
carriers

Muiti path distortion

Multi path signals

Multi tone waveform

Multi user sharing

Multicarrier broadcast

Multicarrier code division
multiple access
(MC - CDMA)

Multicarrier spread spectrum

Mutticarrier transmission

Multicast group

Multicasting

Multichannel per carrier
(MCPC)

Multicolored illumination

Muitidimension link mode

Multidimensional signaling

Multidimensional space

Muitilevel binary (MB)

Multilevel codes

Multilevel signaling

Multimedia

Multimedia applications
Multimedia communication
Moultimedia document
Multimedia files
Multimedia information
Muitimedia mail (MM)

670, 672
670
666
598
598
598
276
276

29
640
640

641
388
399

638
649

348

612, 613
323

340, 640, 645

645
640
622, 623
612, 613
397

684

388

321,323

492

27

29

32

545, 546, 555,
566, 598, 648
601, 607, 627
601, 603, 646
545

601

5§52, 616
545,616



Multimedia networks
Muitimedia PC

Multimedia server
Mpultimedia services
Multiparty system using MCU
Multiparty videoconference
Multipath

Multipath channels
Multipath dispersion
Muitipath effects

Multipath interference
Multipath interference errors
Moultiple access

Multiple access interference
Multiple access scheme

Multiple access system

Multiple carriers

Multiple convolutions

Multiple convolutions of pdfs

Muitiple copies

Muitiple dispersion

Multiple fixed size packets or
calls

Multiple frequency

Multiple orthogonal (equally
spaced) carriers

Multiple parallel low rate
substreams

Multiple paths

Multiple phase signaling

Multiple program

Multiple reflected paths

Multiple reuse factor

Muldiple services

Multiple transmission

Multiple TV programs

Muitiple usage of the channel
frequencies

Multiplexer

Multiplexing schemes

Multiplexing(MUX)

Multiplier

Multiplier — integrator

Multipoint central unit (MCU)

Multipeint conferencing

Muitipeint controller (MC)

Multiprocessor (MP)

Multisrvice networks

Multisymbol signaling

Multitone operation in DSL

Multiuse operation

Music

Music instrament digital
interface (MIDI)

Murtual information

601

611

616

637

613

614

635

323

640

673

379, 380

387

331, 332, 387, 634
636

331, 390, 394,
638, 639, 645
387, 635

630

104

104

666

666

607

635
666

641

379
499
661
649
635
607
360
664
650

585

331
3,4,5,387,390
349

177, 232

611, 613, 614, 616
614

614

146

607

214

643

237,333

552

555

474

Mutuasl information for
continuous signal
Mutual orthogonality
Mutually exclusive
Mutually independent
MUX see multiplexing

N

N dimensional space

Narrow angle (telephoto)
systems

Narrow band frequency
modulation (NBFM)

Narrow band sub channels

Narrowband data sequence

Narrowband ISDN (N-ISDN)

Narrowband noise

Narrowband noise PSD

Navigation

Navigation data

Navigation data rate

NBFM see Narrow band
frequency modulation

Near matching

Near movie on demand
(NMOD)

Nearly error free

Negative information

Neighboring cell

Network call setup delay

Network congestion

Network termination (NT)

Network termination
equipment

Network types

Newton's laws of planetary
motion

NLOS see No line of sight link

NMOD see Near movie on
demand

No line of sight link (NLOS)

Noise

490

635

56, 57, 58, 222
195

5

160, 185, 494
689

149

638
334
607
120, 124
121
423
428, 431
428

468
618, 621

485
473
633
626
627
630
607

601
406

649

1,2, 3, 54, 55, 56,
58, 60, 63, 83, 98,
123, 125, 130, 135,
156, 162, 164, 166,
169, 174, 175, 177,
179, 180, 182, 183,
192, 193, 195,
198, 207, 210,
211, 216, 218,
219, 221, 222,
224, 225, 226,
244,253, 254,
257, 264, 266,
275, 360, 438, 458,
476, 484, 487,
492, 512, 630, 696



Noise effects in baseband
transmission

Noise envelope

Noise equivalent circuits

Noise figure F

Noise immunity

Noise in FM

Noise jammer

Noise level

Noise like wide band code

Noise passing through a BPF

Noise performance

Noise perturbation in the
signal space

Noise power

Noise projection

Noise PSD

Noise PSD after deemphasis
Noise quieting

Noise temperature

Noise variance

Noise vector

Noiseless binary channel
Noiseless channel
Noiseless coding theorem
Noise-like spreading code
Noise-like waveform
Noisy channel

Noisy discrete memoryliess
channel

Noisy system

Non ~ interlaced

Non allocation of bits per
carrier

Non causal effect

Non constant envelope

Non return to zero (NRZ)

Noncoherent
Noncoherent demodulator
Noncoherent detection

Noncoherent detector
Noncoherent DLL loop
Noncoherent energy detectors
Noncoherent FSK
Noncoherent FSK demodulator
Noncoherent FSK modulator
Noncoherent loop

Noncoherent matched filter
Noncoherent MFSK
Noncoherent modulator

156

142
110
134
31
146
448
417, 656
334
122
494
184

109, 110, 130,
132, 150, 154,
191, 200, 265
183, 254

191, 264

152

148

658, 659

266

499

467

472,475

461

334

348

458, 472, 476,
485, 487, 492,
512, 524

487

473,477
561,563
630

46
290

27,191, 192,
200, 348, 351
301,372,373
300, 320

166, 301, 359,
M2

298, 305

373

359

301, 306, 309
306

303

373

300, 301

319, 329

319

Noncoherent MPSK

Noncoherent receiver

Non-interlaced scan

Noanlinear quantization

Nonlinearity of the gun

Nonorthogonal MPSK

Non-uniform

Nonvolatile memory quantizer

Normal distribution

Normalized Autocorrelation

Normalized correlation
coefficient

Normalized delay

Normalized energy

Normalized form of the PSD

Normalized Gaussian
distribution

Normalized Rician
distribution

Normalized spectral
bandwidth

Notebook computers

NRZ see Non return to zero

NRZ signals

NRZ waveforms

NRZ-L

NRZ-PCM

NRZ-S

NT see Network termination

Null to null bandwidth

Number of agreements
Number of channels

Number of disagreements
Number of repetitions
Nyquist

Nyquist bandwidth

Nyquist bandwidth constraint
Nyquist bandwidth efficiency
Nyquist criterion

Nyquist filter

Nyquist frame

Nyquist minimum bandwidth
Nyquist rate

Nyquist sampling criterion
Nyquist sampling rate
Nyquist sampling theorem
Nyquist signaling rate
Nyquist theory

Nyquist filtering

o

Observable element
Observation interval
Observation space

329
166
550
590
675
344
16, 19
659
63
506
224

344

648

91

106, 358

128
31
91

196
31,42
43
219
27

285, 288, 427,
503

344

421

344

512

43
288,328
44

238

401, 403
44

288, 398, 421
672
10,485, 492
10, 51, 331,
33

398

4,5

10, 11, 480
672

182
60
185, 187

735



Observation vector

Occluding shutter display
Odd parity
OFDM see orthogonal
frequency division
mulitiplexing
OFDM spectrum
OFDM symbols
OFDMA see Orthogonal
frequency division multiple
access
OFDM-based mobile
communication
OfT — board system
Offset of the moving object
On - board system
On - off keying (OOK)

Open loop synchronizer
Open object

Optic pattern

Optical axis

Optical fiber

Optical mouse

Optical trackers

Optimum

Optimum baseband receiver
Optimum threshold

Order

Ordering

Orthogenal basis

Orthogonal BFSK
Orthogonal carriers
Orthogonal CDMA
Orthogonal coded bit pattern
Orthogonal condition
Orthogonal FDM (OFDM)
Orthogonal frequency bands
Orthogonal frequency division
multiple access (OFDMA)
Orthogonal frequency division
multiplexing (OFDM)
Orthogonal FSK
Orthogonal functions
Orthogonal M-ary signals
Orthogonal MFSK

Orthogonal polarizations

Orthogonal sampling
Orthogonal set

736

182, 183, 184,

185, 186
693
516

644, 651
645

641

448

595

448

224, 225, 237,
267, 291, 301,
304, 311, 314,
316, 323, 326,
328, 666, 668
297, 298

547

696

638

1,27, 164,193,

632

696

696

166

191

230

453

616

248, 250, 253,
328

311, 312, 316
668
337,339
323

158

323

392

387

640, 641, 643,

648
314
245
319

323, 324, 325,

506
417, 657
559
174

Orthogonal signaling
Orthogonal space
Orthogonal system
Orthogonal time slots
Orthogonality

Orthogonalization process
Orthonormal
Orthonormal basis functions

Orthonormal function

Orthonormal set

Orthonormal system

Other formats

Out of phase poise component

Outgoing link

Output delay

Output devices

Output multiplexer

Overall inpat

Overhead (non revenue
earning) bits

Overhead bits

Overheads

Oxide heated filament

P

P frame encoding

P frames
Packet

packet elementary stream
(PES)

Packet header

Packet length

Packet mode

Packet mode networks

Packet size

Packet switched network

Packet switching

Packet switching exchange
(PSE)

Packet transfer delay

Packet transmission time

Packet waiting time

Packetization delay

Paid viewing

Paint brush

Pair of correlators

PAM modulator

366, 499
158, 159
160

392, 394

74, 83, 130, 160,

301, 302, 303,
333,337, 340,
378, 387, 499,
635, 638, 641,
646

174

292

172, 183,
188,354

265
171,172, 181
159, 176

561

137

624

627

694

409

627

403, 414, 415,
416, 673

673

625

688

593, 595, 596
595

392, 394, 603,
624, 627, 661
664, 670, 672

624, 661

670

603, 626
603, 624
625, 627

614, 624, 625,
627, 628
390, 391

624

624, 626
394
394
627
546
547
298
162



PAM see Pulse amplitude
modulation
Panel LCD projector
Parabelic PSD
Parabolic reflector
Parallel low data rate signals
Parallel modulated source
Paralle] search
Parallel search acquisition
system
Parallel subcarriers
Parallel to serial
Parallel to serial converter
Parameters of 2G to 3G radio
systems
Parity bits
Parity check
Parity check bit code
Parity check matrix
Parity digit
Parity row vector
Parking orbit
Parseval's theorem
Partition of noise
Passive addressing
Passive imaging
Passive infrared systems (IR)
Passive matrix liquid crystal
display (PMLCD)
Passive NT
Passive spectacles
Pattern recognition trackers
Pay for view service
Pay networks or pay stations
Payload
Payload flag
PB frames
PBX see Private branch
exchange
PC fax
PC monitor
PC peripherals
PC server
PC video digitization formats
PC video format
PCM coder
PCM frame structure
PCM link
PCM multiplex frame
structure
PCM multiplex signal
PCM samples
PCM see Pulse code
modulation
PCM word size

686
151
438
323
641
372
372

646
642
284
637

519
518
515
520, 524
516
519
407
91, 160
128
679
444
444
681, 683

630
690
696
666, 672
623
661, 664
664
594, 595

608
550, 564
648

601
563, 564
562

27

398

192

400 .

401
590

31,33

PCS see Personal

communications system
PD see Plasma display
pdf Gaussian

pdf Joint

pdf of random variable

pdfs in a binary system

PDM see Pulse duration
modulation

PDMA see Polarization
division multiple access

PDP see Plasma display panel

PE see Phase encoded

Peak bit rate

Peer to peer manner

PER see packet error rate

Perception threshold

Perceptual coder

Perceptual encoding

Perceptual features

Performance measures

Period

Period or maximum length

Periodic signal

Periodicity

Permanent circular

geostationary orbit

Persistence

Person to person .

Person to system

Personal area networks

Personal communications
system (PCS)

Personal satellite
communication systems

PES see Packet elementary
Stream

PES see Packetized elementary

streams

PES see Program encoded
source

Phase

Phase — locked

Phase and quadrature
correlators

Phase detector

Phase distortion

Phase encoded (PE)

Phase incrementing process

Phase locked loop (PLL)

Phase modulation
Phase qudrature
Phase reversal keying (PRK)

67, 106, 107,
108, 199
103, 106, 107
220

198

636
648

587

593

587

585

261
343, 585
344

76

344

407

548
601
601
646
636

649

239
166
305

442,443
34

27

373

270, 307, 442,
443

443

270

266, 267, 269, 270,
271,314, 316

737



Phase shift keying (PSK)

Phase spectrum

Phase synchronization

Phased array antenna

Phasor diagram for envelope
detector

Phone number

Phosphor

Phosphor triads

Photo CD

Photoediting software

Photoluminescence

Photoluminescent UV excited

Photetransistor

Pilot carrier

Pitch

Pixel capacitor

Pixel depth

Pixel image form

Pixel resolution

Plain old telephone service
(POTS)

Plain text

Plane of polarization

Plasma cell

Plasma display (PD)

Plssma display panel (PDP)

PLL see Phase locked loop

PMLCD see Passive matrix
liquid crystal display

PN chips

PN code

PN code duration

PN code generator

PN in phase (PNI)

PN Locally generated sequence
PN Quadrature (PNQ)

PN sequence

PN signal
Point to point multiplex

telephony
Pointer

Polar signaling
Polarization

Polarization correction
Polarization division multiple
secess (PDMA)

738

164, 165, 168,
237, 238, 239,
240. 241, 244,
315, 334, 458,
630
210
301
438
141

633

548, 675, 684
688

675

552

688

684

698

297, 668, 673
585

679

550

548
569 , 681
601

546
681
688
675
684

383

372,373

361

359, 361, 373,
383, 397

636

349

636

340, 342, 352,
354, 357

352

417

616

202, 203, 204,

314, 406

417, 439, 649,
657, 659, 679,
681, 690

659

387

Polarization of light

Polarization rotating display

Polarized glasses

Polarizer

Polarizing filters

Polarizing optical filters

Polarizing spectacles

Polyromial representation

Polynomial representation of
convolutional coder

Portable computers

Positioner

POTS see Plain old telephone
service

POTS signal

POTS splitter

Power density

Power efficiency

Power limited band limited
Gaussian channel

Power signal

Power spectral density (PSD)

Power spectrum of wide sense

stationary random process
Power/ channel allocation
PRA see Primary rate access
Preamble

Preassigned multidestination

Preassigned systems (PA)

Preassigned TDMA
(PA-TDMA)

Precise aircraft navigation and
guidance

Precision bombs

Precision fire control

Precision guidance

Precision P(y) code

Predetection point

Prediction error vector

Prediction span

Predictive P frames

Preemphasis

Prefix code

680
693
698
659, 679, 692

681
659

630
629
642
238,314
493

76, 91, 92, 191
88, 89, 90, 91,
92, 93, 94, 95,
96, 98, 100, 101,
105, 108, 113,
117, 118, 124,
125, 138, 151,
153, 154, 216,
217, 218, 234,
264 328, 346,
348, 358, 365,
369, 381

88

637

390, 401, 402,
403,412,413,
416
397
413
415

444

444
444
448
427
157
595
595
593
151, 152, 154
461, 462, 463,
464, 466, 509



Prefix property

Primary colors

Primary rate

Primary rate access (PRA)

Primary rate line

Private branch exchange
(PBX)

PRK modulator

PRK see Phase reversal keying

Probability

Probability density function

Probability of bit error (PBR)

Probability of block containing
bit error
Probability of error

Probability of error in a PCM
receiver

Probability of occurrence

Probability of symbol error

Probe
Processing
Processing gain

Product modulator

Product multiplier

Program encoder source (PES)
Program stream (PS)
Progressive scan

Projected noise

Projection

Projection server

Projector lens

Propagation delay

Properties of the power
spectral density

PS see Program stream

PSD and R(t) pair for AWGN

PSD for n(t),n,;(Ony(t)

PSD of a random binary wave

PSD of noise

PSD see Power spectral
density

566, 579
688
629
607
629
601

266

56

23, 60, 61, 77,
84, 104, 126,
127, 135, 195,
199, 203, 204,
223, 235, 266,
481, 482, 490
199, 234, 328,
499

651

183,191, 192,
198, 201, 204,
226, 255, 357,
359, 383, 487,
488, 489, 493,
498, 512, 630
223

566

204, 222, 224,
314, 514

658

558

357, 359, 369,
371, 381, 383
351

351

664

661

583, 561, 563
175, 264
165,178, ,179,
253

698

684

336, 625, 651
9%

113
134
347
108, 111, 151,
181

PSE see Packet switching
exchange

PSE/router

Pseudo noise sequence (PN)

Pseude orthogonal

Pseudo orthogonal CDMA

Pseudo orthogonal condition

Pseudo random code

Pseudo random generator

Pseudo random noise spread
spectrum (PRN)

Pseudo random sequence

Pseudo random spreading
code

Pseudo range

Pseudorandom code sequence

Pseudorandom sequence

PSK demodulation

PSK demodulator

PSK modulation

PSK modulation scheme

PSK modulators

PSK see Phase shift keying

PSTN see public switched

telephone network

Psycho acoustic model

Public exchange

public switched telephone
network (PSTN)

Pulse amplitude modulation
(PAM)

Pulse code modulation (PCM)

Pulse compression

Pulse compression ratio

Pulse duration modulation
(PDM)

Pulse modulation

Pulse radar

Puise shaping

Pulse train

Pulse width modulation
(PWM)

Puncturing

Purchasing

Pure OFDM

PWM see Pulse width
modulation

624, 625, 626
340, 348
340

337

333

349

348

428

334
366

425, 426, 427
368

636

351

351

270, 351

403

240

587, 590, 591
601

412, 601, 603,
605, 607, 608,
614, 618, 626,
627, 651, 666
32,33, 44, 48,
49, 50, 51, 162,
290
3,5, 23, 25,28,
29, 32, 33, 43,
49, 50, 51, 52,
192, 193, 237,

403, 413, 415, 486,

583, 587, 588
443

443

32

237,237
438, 439, 440,
441, 449
288,328

13

32

664

616
646
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Q

Q functien

QAM demodulator

QAM medulator

QAM see Quadrature
amplitudes modulation

QPSK constellation

QPSK demodulator

QPSK modulator

QPSK see Quadrature phase
shift keying

QPSK waveform

Quadrature

Quadrature amplitudes
modulation (QAM)

Quadrature branches
Quadrature component

Quadrature modulated signals

Quadrature noise component

Quadrature phase shift keying
(QPSK)

Quadrature power

Qusdrature PSD

Quadrature receiver

Quadrature receiver for OOK

Quadrature receiver using
correlators

Quadrature receiver using
matched fllter

Quality of service

Quantity of information

Quantization

Quantization distortion error
Quantization accuracy
Quantization distortion
Quantization error
Quantizstion levels
Quantization noise
Quantization table
Quantization threshold
Quantized DCT coefficients
Quantizer

Quantizer error

Quantizer noise
Quantizer noise power

740

706
296
295

281,401, 673
284
284,274

283

124, 125, 154,
281

237, 239, 240,
250, 252, 290,
291, 294, 630,
668, 673

636

122, 130, 132,
305

83

137

237, 273,279,
281, 282, 285,
403, 412, 413,
415, 416, 510,
661, 666, 668,
670, 672

130

132

301

300

300

300

637

451, 473

559, 571, 574,
576, 590

31

590, 591
33,51

5,599
32,559

25, 51, 552, 583

575, 581
599
577

5,16,17, 18, 19,

20,23
21,23
20
23

Quantizer performance
Quantum mechanical limit
Quantum mechanics
Quaternary PCM encoder
Quaternary system

Queue

Quotient

R

Radar

Radar antenna

Radar cross section
Radar equation
Radar frequencies
Radar range equation
Radar silence

Radial velocity

Radiation

Radiative transition
Radio call

Radio channel

Radio frequencies
Radio programs
Radio signals

Radio waves

Raised cosine

Raised cosine channel
Raised cosine characteristic
Raised cosine filter

Raised cosine frequency
transfer function

Raised cosine spectrum

Random access systems (RA)

Random binary sequence

Random binary wave

Random error
Random phase

Random process

Random signal

Random single bit errors

18,19,20
109

54

165

161, 164
624

574

434, 435, 436,
437, 438, 439,
440, 441 442,
443, 444, 445,
446, 447, 448,
449, 495, 595
437

436, 448

436

440

437

447

434, 436, 440,
443

447

688

632

633, 649

633

618

630

417, 656

51, 640

235

46

45, 46, 47, 288,
421

48

48
415

343, 346, 348
79, 81, 93, 94,
154, 347

515
71,79, 92, 93,
94, 100

84, 85, 86, 87,
88, 89, 91, 96,
98, 153, 346
54, 60, 76, 77,
100, 129 219
664



Random variable

Random variable

transformation
Randomness
Range

Range equation

Range of a radar

Ranging detection

Rapid switching

Raster scan

Raster scan display system
Rate capacity

Rate of bits—
Rate of digits
Rate of error
Rate of information

Rate of transfer of calls
Rayleigh distribution

Rayleigh pdf

RC filtered white noise

Readability

Real array radar

Real time

Real time rendering

Real time stresms

Realizable filter

Received echo

Receiver entropy

Receiver front end

Receiver measurements noise
error

Receiver performance

Receiver vector

Receiving antenna

Receiving effective area

Receiving filter

Receiving from the base
station

Receiving probe

Receiving station

Recognition tracker

60, 61, 62, 63,
69,70, 71,73,
74, 84, 85, 94,
98, 101, 103,
105, 106, 108,
125, 126, 127,
165, 178, 181,
182, 193, 203,
219, 346, 356,
357, 358, 366,
368, 458

61

54,73

434, 439, 440,
441, 695, 702
434

436

434

635

507

551

480, 485, 493,
506

461

461

493

451, 458, 488,
489

607

122, 126, 127,
128

71, 142

119

687

445

695, 698

698

627

46

442

478

258, 261

425

224

524

437, 666
437

48, 156, 157,
158, 162, 205
633

659
659
696

Recovery of the carrier phase
Rectangular coder
Rectangular decoder
Rectangular pulse shaping
Rectangular pulse signaling
Reduced amplitude PRK
signal
Redundancy

Redundancy digits
Redundancy removal
Redundant bits
Reference

Reference burst

Reference frame

Reference point or initial
position

Reference signal

Reflections

Reflective light valve

Reflectors

Refresh rate

Refreshing procedure

Rejection capability

Relative data

Relative frequency of
occurrence

Relative spectral efficiencies

Relative velocity

Relativistic time correlation

Relaxation

Relaying

Reliability

Reliability of information

Reliable error free message

Remote atmospheric sensing

Remote control

Remote sensing

Remote server

Remotely piloted vehicles
(RPV)

Rendering

Repeater

Repetition code

Repetition order

Replica of the PN signal
Residual carrier

Residual pilet carrier
Residual power
Resistance to interference
Resistance to jamming

672
516,517
517

640, 641, 642
203

268

454, 455, 456,
457, 458, 461,
487, 512, 513,
515, 591

515

458

487

416

401, 412, 413,
416

595

695

441

649

677, 678, 684
448

548, 550, 561,
564, 626

548

370

695

578

315

439

425

688

603

458, 487, 489
451

487

444

672

406, 434
623, 664
446

547, 695

3, 406, 409
489, 512, 513,
521

489
349,351,372
268, 271

270

328

635, 638

364

741



Resistive sensors
Resolution

Response (missile-artillery)
Retina

Retrace

Retransmission

Return channels

Return direction

Return to zers (RZ)
Reuse of frequency
Reveaune earning traffic
Reversible compression
RF channel

RF electronic equipment
RF seeker

RGB format

Rician distribation

Right and left images

Rms bandwidth

Rms of the noise

Robustaess

Rocket

Roll off

Roll off factor

Root raised cosine

Round trip delay (RTD)

Rounding

Rounding off errors

Router

Routing

RPV see Remotely piloted
vehicles

RTD see Round trip delay

Run property

Runiength

Runiength encoded AC
coeflicients

Runleagth encoding

Runiength method

Runlength value

RZ alternate mark inversion
(AMI)

RZ pulses

RZ waveforms

S

S/ N at output of channel
S/N

S/N calculation

S/N demodulstor receiving
filter

742

698

443, 550, 551,
561, 595, 598,
618, 688, 695,
696

446

548

559

s

618

631

27

638

413

566

670, 672

447

47

554, 571, 558,
683

128, 129

689

91

430

360

407

311

46, 235

48

620, 626

575

568

603, 624

603, 648

343
569, 579, 599
579, 599

566, 576
566

579

28

42
31

485

149, 191,202,
203, 205

134

156

S/ for AM detection
S/N for FM
S/N for PM
S/N for wideband FM

S/N improvement using
decmphasis

YNinFM

S/W camera

Safety margin

Sample and hold

Sampile fanction

Sample space

Sampler

Sampling
Sampling frequency

Sampling positions
Sampling rate

Samupling theorem

SAR see Synthetic aperture
radar

Satellite

Satellite - based navigation
Satellite / network

Satellite carrier

Satellite channel

Satellite clock error
Satellite clock time
Satellite communication

Satellite components

Satellite identification

Satellite intermediate
frequency (SAT-IF)

Satellite IRD

Satellite Isunching

Sateilite mobile
communication systems

Satellite network

Satellite orbit

Satellite position error

Satellite receiver

Satellite remote sensing data

Satellite repeater

Satellite transponder

Satellite TV bands

141
150
150
149
152

149
695

370

12

5,7,25,179

60

3, 5,13, 14, 23,
157, 165, 168,
205,219

559

4, 552, 559, 569,
590

559

23, 33, 49, 51,
52,337,413,
415, 480, 552,
558, 559, 564,
583, 585, 587
9,351, 499

193, 419, 423,
424,425,427,
444, 486, 650,
653

423

618, 619

659

164, 351, 413,
651

425

425

239, 406, 417,
656

655

428,430

658, 670

670
408
649

664

650

425

658

623

410

290, 390, 670
417, 656



Satellite TV interface
Satellite TV transmission

s
Satellite's foot print
Satellite's receiving antenna
SBS see Sub band sampling
Scan lines
Scanner
Scanning process
Scatter diagram
Scatter in the codeword length
Scattered energy
Scattered pilot
Schematic telephone network
Schriidinger’s equation
Schwartz inequality
Scrambler and descrambler
Scrambling
Screen resolutions
SDMA see Space division

multiple access
Search engine
Search radar
Search time
Searching
Searching program
Second detector/ demodulator
Second generation
Second order pdf
Second time around echoe
Secondary storage interface
Secure communication
Security
Seeker

Segment

Selection device

Selective amplifier

Selectivity

Self guidance

Sensitivity of the ear

Sensor

Sensory feedback-functions

Sensory impressions

Sequencer

Sequential blocks

SER see Symbol error rate

Serial acquisition scheme for
a DS system

Serial concatenation of direct
sequence (DS)

Serial data symbol rate

Serial high rate data stream

Serial search

Serial search acquisition

207,707
383
666
553

595, 598
447

595

372

431

438

637

84

436

555

333

616

447
587, 588, 591,
595

618

658

672

447
587, 589
695, 696, 698
692

692

555
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383
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Serial to paraliel (S/P)
converter

Server

Service provider base station
Set top box (STB)

Set up delay

SFH binary FSK

SFH see Slow frequency
hopping

SFH/SS see Slow frequency
hopping spread spectrum

Shadow

Shadow mask

Shannon limit

Shannon's first theorem
Shannon’s second theorem

Shannon's information
capacity theorem

Shannon's source coding

Shannon’s third theorem

Shared white board

Sharing of the resources

Shift register length

Shifting property

Ship and aircraft navigation

Short range networks

Shutter glasses

SIF see source intermediate
format

SIF digitization format

Sifting property

Signal bandwidth

Signal constellation

Signal correlator

Signal energy per bit to noise
spectral density ratio

Signal intelligence (SIGINT)

Signal parity check coder

Signal program encoder

Signal representation

Signal space

Signal strength of a phone call
Signal to jammer ratio
Signal to jammer ratio
( SJR) for DS ~SS
Signal to mask ratio
Signal to noise ratio
(S/N or SNR)
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Sigaal to quantizer ratio
(SQNR)

Signal veetor

Signaling addressing
informatien

Signaling ceefficients

Signaling information

Signaling message

Simple raster graphics
package (SRGF)

Simplex system

Simuiation

Simultaneous MFSK

Singie LCD with microiens
arrays

Single LCD panel

Simgle panel projector

Single parity check coder

Site campus networks

Size of the file

Skip and SSS fields

Skip, value

Slow frequency hopping (SFH)

Slow frequency hopping
spread spectrum (SFH/SS)

Smallest detectable signal

Smart bembs

Short message signal (SMS)

Soft kill

Solar arrays

Senar radar

Sound card

Sound generator

Seund synthesizer

Source

Source code

Source coder

Source coding

Source coding theorem
Source decoder

Source decoding
Source encoder

Source entropy

Source information

Source information rate

Source information stream

Source intermediate format
(SIF)

Source redundancy

Source video

Source-based compression

Space division multiple access
(SDMA)

Space exploration
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Space probes

Space shuttle

Spacing between channels
Spaghetti

Spatial discrimination
Spatial frequency

Spatial frequency coefficients
Spatial frequency components
Spatial representation
Spatial resolution

Spatial sampling

Spectral efficiency

Spectral width

Spectrum despreading
Specular reflection

Speech

Speech synthesizer
Speed of transmission
Sphere packing
Spherical screen
Spread interference

Spread spectrum

Spread spectrum band

Spread spectrum bandwidth

Spread spectrum code

Spread spectrum
demodulation

Spread spectrum modulation

Spread spectrum signal

Spread spectrum technique

Spread spectrum time division
multiple access (SS-TDMA)

Spreading

Spreading code

Spreading sequence
Spreading signal

Spreading with MC
modulation

SQNR see Signal to quantizer
ratio

Square law envelope detector

Squaring loop

SRGP see Simple raster
graphics package

SS baseband systems

SS modulation

SSS field
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SSS, value
SS-TDMA see Spread
spectrum time division
multiple access
SS-TDMA transponder
Stability
Stack of dichroic mirrors
Standard array
Standard deviation
Start up delay
Station identification
Stationarity
Stationary process
Stationary random process
Stationary random signal
Statistical analysis
Statistical average
Statistical coding
Statistical encoding
Statistical moments
Statistical multiplexer
Statistical multiplexing
Statistically independent
random processes
Statistically independent
random variables

STB see Set top box

Stealth techniques

Stereo 3D camera

Stereo 3D motion picture

Stereo audio

Stereo pair

Stereophonic music

Stereoscopic camera

Stereoscopic display

Stereoscopic imaging

Stereoscopic photography

Stereoscopic view

Still pictures

Stochastic

Stochastic processes

Storage

Storage capacity

Store and forward

Store and forward delay

STR see Symbol timing
recovery

Strain technology

Stream direction

Streaming a real time media

Strict sense Gaussian condition
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Strict sense stationarity
Strictly orthogonal CDMA
Structure of the codeword
Studio applications

Studio digital quality

Studio quality audio and video
Sub band sampling (SBS)

Sub bursts

Subband

Subband coding
Subband sample
Subblocks

Subcarrier

Subcarrier frequencies
Subcarrier spacing
Subchannel

Subframe
Subsampling
Subscriber access point
Subscriber traffic
Substream

Subtraction
Subtractive color system
Subtractor

Sunde’s FSK

Sunde's signals

Super frame

Super twisted nematic (STN)
liquid crystal displays

Supercomputer

Supergroup

Superheterodyne principle

Super video graphic array
(SVGA)

Suppressed carrier

Suppressed carrier recovery

Surface acoustic wave filter
(SAW)

Surface to air missiles systems
(SAM)

Surveillance

Surveillance radar

SVGA see Super video graphic

array

Sweep time

Switched digital service

Switched services

Switched TDMA on board
processing

Switched telephone network
(PSTN)

Switching

Switching office

Symbol
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Symbel decision
Symbel demapping
Symbel error

Symbel error performance
Symbel error probability
Symbol error rate (SER)
Symbel mapping

Symbeol packing

Symbol probability error
Symbol rate

Symbel rate on each
subearrier

Symbel rate pacldng

Symbel synchronization

Symbol timing

Symbol timing recovery (STR)

Symbel te bit mapper

Symbol tone

Symbol transmission rate

Symbolization

Symmetric flow

Synchronous demodulation of
DSBLC

Synchronous detection

Synchronous detector

Syndrome

Syadrome decoding

Syndreme look up table

Syndrome vector

Synthesis filter bank

Synthesized Audio

Synthesizer

Synthetic aperture radar
(SAR)

Synthetic array radar

Systemstic linear code

16-PSK

16-QAM

16-QAM constellation

16-QAM demodulator

16-QAM modulator
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Tagged image file format
(TIFF)

Tailing effect

Talking head

Target

Target bit rate

Target frame

Target indication (TT)

Target service area

Tau dither loop (TDL)

Tau dither tracking loop

TDM / PSK/ TDMA system

TDM /QPSK /TDMA system

TDM/PSK/TDMA modulator

TDMA bit rate

TDMA bursts

TDMA delay time

TDMA frame

TDMA frame structure

TDMA multiple access scheme

TDMA packet

TDMA see Time division
multiple access

TDMA voice channel capacity

TDMA/FDMA combination

Telebanking

Teleconferencing

Telephone calls

Telephone channels

Telephone control office

Telephone interface

Telephone networks

Telephony

Telephony over the internet

Telepresence

Teleshopping

Teletext

Template

Template codebook

Temporal difference

Temporal information

Temporal masking

Temporal resolution

Terminal equipment in ADSL-
Lite line

Terminal interfaces (codec
delay)

Terrestrial broadcasts

Terrestrial network

Terrestrial station

Test statistic

Text

Text image
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Text on image

Text only

Text only mail

Text representation

Textual information

Texture

TFT addressing

Thermal noise

Thermal response

Thermodynamics

Thip film

Thin film storage capacitor

Thin film transistor (7F7T)

Third generation (3G) mobile
communication system

Three panel projector

Threshold

Threshold comparison

ThreshoM effect

Threshold measurement

Threshold phenomenon

Threshold valae

Threstes

T1 see Target indieation

TIFF see Tagged image file
format

Tiling

Time averaging

Time bandiidth piane

Time bandwidth product

Time bandwidth relation

Time delay

Time dependence of
autocorrelation function

Time direction

Time dispersion

Time diversity

Time division multiple access-

(TPMA)

Time division muitiplexing
(TDM)

Time duration

Time frame

Time invariant linesr filter

Time slot

Time synchronism
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Time to transmit the complete
file

Time varying mode (packet
mode)

Time windowed integrator
moving average filter

Timing error

Timing schematic

Tiny reflector

Tone modulation

Tone separation

Tower

Tracker

Tracker sensor

Tracking

Tracking code loops
Tracking program
Tracking radar
Traffic burst

Traffic data field

Traffic slots

Training

Transaction processing
support

Transducer

Transfer function

Transform

Transform codiug

Transition point between
NBFM and WBFM

Transition probabilities

Transition probability
diagram

Transmission

Transmission bandwidth
Transmission capacity
Transmission decoder
Transmisgion delay
Transmission for comstant bit
rate stream
Transmission frequency for
the base station
Transmission links
Transmission overheads
Transmission rate
Transmission system
Transmission time
Transmitter output power
Transmitting antenns gain
Transmitting gain
Transmittive type cell
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Transponder

Transponder bandwidth
Transponder capacity
Transponder resource sharing
Transponder resources
Transponder subsystem
Transponder satellite network
Transport packets

Transport stream (TS)
Transport stream multiplex
Transport stream muitiplexer
Trellis

Trellis diagram

Trisds

Triangular pdf
Tropospheric delay error
Truncation or gating function
Trunk network

TS packet payload

Tuner

Tuner block

Tunnel injection

TV

TV cell

TV monitor

TV program mulitiplexing
TV program source

TV remote

TV set top box (STB)

TV, anslog

TV, digital

Twist of the liquid crystal
Twisted nematic cell (TN)

Twisted pair cable

Twisted pair wires

Two way communication
channel

Types of compression

Types of LC cells

Types of quantizers

Types of satellites

Types of trackers

Typical range for wireless
networks

2-PSK (BPSK)

2-PSK modulator

2-PSK

3D model

3D mouse

3D time / frequency / power

deusity
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3D-imagery

U

UAYV see Unmanned air
vehicles

Ultrasonic radar imaging

Ultrasonic waves

UMTS see universal mobile
telecommunication

Uncertainty principle

Under- sampling

Underlined word

Undersea detection

Unfiltered rectangular pulse

Unformatted plain text

Unguided transmission

Unicast

Uniform

Uniform distribution

Uniform quantizer

Uniform resource locater
(URL)

Uniform sampling

Uuniform spectral distribution

Uniformly distributed random

variable

Unipolar

Unipolar (OOK)

Unipolar NRZ

Unipolar or bipolar signal

Unipolar pulse

Unipolar RZ

Unipolar signaling

Universal mobile
telecommunication (UMTS)

Unmaanned air vehicles (UAV)

Unqueued (MOD) movic ca
demand

Unvoiced sounds

Up stream

Update rate

Uplink

URL see Uniform resource
locater

User clock bias error

User clock time

User devices

A\

Vacuum electron devices
Vacuum fluorescent display

(VFD)
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Value at the origin theorem
Value field

Variable bandwidth
Variable bit rate (VBR)
Variable bit rate service
Variable data

Variable length code
Variable length coding
Variable rate transmission
Variable threshold
Variance

VDSL see Very high speed
digital subscriber line

Vector

Vectoring

Venn diagram

Vertical frequencies

Vertical polarization

Vertical resolution

Vertical spatial frequency

Very high speed digital
subscriber line (VDSL)

Very small aperture (VSATSs)
terminals

VGA see video graphic array

VHS quality audio and video

Video

Video activated MCU

Video amplifier

Video camera

Video card

Video cassette recorder (VCR)
Video compression

Video conferencing

Video controller

Video graphics array (VGA)

Video in a window

Video library

Video on demand (VOD)
Video processing

Video RAM

Video resolution

Video screen HDTV
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659
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Video server
Video signal
Video telephony

Video tiles

Video wall

Video/ audio compression
standard

Video/ audio packetizer

Video/ audio signals

Video/ muitimedia conference

Videoconference server

Videoconference studio

Videoconference using MCU

Videoconferencing

Videotext

Viewer-centered 3D computer
generated environments

Virtual circuit identifier (VCI)

Virtual connection or virtual
circuit (VC)

Virtual environment

Virtual reality (VR)

Virtual world wide library

Visual auditory or haptic
(sensory) display

Viterbi algorithm (VA)

Viterbi decoding

Vocal chords

Vocal tract excitation
parameters

Voice

Voice activated switching
mode

Voice activity gating

Voice channel

Voice channel capacity

Voice channel modem

Voice encoding/compression

Voice mail

Voice mail box

Voice mail server

Voice over IP

Voice signal

Voiced sound

Voltage breakdown
(arc discharge)

Voltage controlled oscillator
(vCo)

Voting

VR capsule

VR components

VR display

VR glove

VR system

546, 618
558

545, 611,

623
683
683, 685
661

664
670

613, 614,

611
614
612
603, 623
546
692

624
624

692, 694
692
616
694

537, 540,

542
672
585
585

636
614

636
413,414
414
239
636
545
545
545
545, 603
635
585
443

297, 316,

374
618, 666
698
694
698
701
692

612,

623

541,

317,

749



W

Waiting time

Walk thru

Waveform template

Waveform to sample
transformer

Waveguide

Wavelet synthesis

WBFM see Wide band
frequency modulation

Wide band frequency
modulation (WBFM)

Weapon guidance devices

Weapon locating radar (WLR)

Weapon sensor

Weather forecasting

Weather monitoring

Web

Web page

Web server

White Gaussian noise

White noise spectral density

Wi Media

Wide band Gaussian noise

Wide sense random process

Wide sense stationarity

Wide sense stationary process

Wide sense stationary random
process

Wideband CDMA

Wiener Khintchine theorem

WIFI network

WIMAX network

Wireless communication
system

Wireless keyboard

Wireless local area network
(WLAN)

Wireless personal area
networks (WPAN)

Wireless local area network
(WLAN) standards

Wireless local loop (WLL)

standards

Wireless metropolitan area
network (WMAN)

Wireless networks

Wireless technology

WMAN see wireless
metropelitan area network

World wide web server

Worst case BER

Worst case jitter
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WPAN see Wireless personal
area networks

X

XGA see extreme
graphic array

Y

Yoke

Z

Zero correlation
Zero ISI

Zero memory

Zero order hold sampling
Zero waiting

Zig Bee

Zigzag

Zigzag scan
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