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Chapter 6

Image Display Modalities

Sonographic imaging systems use high-frequency sound waves to produce
information about the structure and function of the human body. Simply stated, high
frequency pulses of sound are transmitted into the body where they interact in
predictable ways, according to the laws of acoustical physics, with human soft tissue
to produce data. The raw data that is produced by all sonographic imaging systems
is echo information returning from various interfaces that the pulse encounters on its
travels. These echoes are received and converted into electrical impulses by the
piezoelectric crystal elements in the probe. Once this data has been processed it
can be displayed, using digital imaging techniques that translate this information into
audio and visual representations of normal and pathologic human structure and
function (anatomy and physiology). The basic types of imaging information are
displayed in one or more of the following formats:

A-mode
B-mode
M-mode

The simplest and historically the first method of displaying echo information was
AMPLITUDE mode. Shortened to A-Mode, this format displays echo information on
a simple oscilloscope as a vertical deflection of the trace line. The horizontal axis (x-
axis) represents depth, or distance from the transducer. The vertical axis (y-axis)
represents amplitude of the returning echo. As echoes are received by the
transducer, the trace is deflected upward to produce a "spike". The height of this
spike is directly proportional to the amplitude of the returning echo, thus amplitude
mode.

Obviously, then, if only echoes are displayed, structures of uniform acoustic
impedance that do not produce echoes, such as a fluid filled urinary bladder or a
simple cyst, will appear echo-free (anechoic). In early clinical practice, A-mode was
used to determine if a structure seen on the primitive sonographic image was a
simple cyst of not. Special transducers were also designed to allow the operator to
use A-mode to assist in directing needle puncture procedures such as amniocentesis
or paracentesis. A-mode is rarely used today in imaging applications.

A-mode is, however, still widely used in ophthalmologic applications to obtain
precise measurements of the eye prior to cataract removal and lens replacement
surgery. In the diagram that follows, a vertical deflection (spike) is produced each

A-mode

Imaging System
Components
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time the sound beam encounters an interface. The greater the acoustic mismatch,
the greater the amplitude of the returning echo.

In actual ophthalmologic ultrasound practice, a plastic cup is placed on the eye
and is filled with a small amount of sterile saline solution. The transducer is
immersed in this fluid so that direct contact with the cornea is avoided (corneas
scratch very easily). This also provides a "stand-off" which eliminates the effects of
reverberation at the transducer/cornea interface. Part of the beam reflects from the
cornea and creates a fairly intense, or high amplitude, echo. In the above A-mode
image of the human eye, the first “spike” represents the echo produced when the 
sound beam encounters the cornea (C). Since the impedance mismatch between
the saline solution in the offset cup and the cornea is significant, the amplitude of the
echo is relatively high.

     The next set of “spikes” represents the anterior (A) and posterior (P) surfaces of
the lens. The two closely placed spikes represent the lens (A-P). After passing
unimpeded through the vitreous humor, the sound beam next encounters the retina
and a final spike is produced (R).

A-mode display provides useful information in this very limited application. In
radiology or cardiology applications, however, not much practical information can be
obtained from this type of display. Still, the concept that the amplitude of the vertical
deflection, or spike, is proportional to the amplitude of the returning echo is the
foundation for more sophisticated sonographic image display modalities.

The same echo information that produces vertical deflections on an A-mode
oscilloscope can be utilized to create a two-dimensional image. B-mode, or
brightness modulation, is a technique in which returning echoes are displayed as
brightened dots on a screen. These dots are placed on the screen very precisely and
the characteristics of the dot are related to both the intensity and position of the echo

A-mode of the human eye.

C = cornea
A = anterior surface of lens
P = posterior surface of lens
R = retina

B-mode
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Figure A.
Compound bistable scan.

Figure B.
Gray-scale image.

relative to the transducer. If the amplitude of a returning echo is very strong, then the
dot is quite bright. If, on the other hand, the amplitude of the echo is very weak then
the brightness of the dot will be very faint. We can summarize the relationship
between the intensity of the returning echo and the brightness of the dot on the
screen as follows: high-intensity echoes will be displayed as bright dots; low intensity
echoes will be displayed as faint dots; if no returning echo is detected, that area will
be displayed as echo-free, or anechoic, on the screen. A more scientific statement of
this relationship is that the intensity of the returning echo is directly proportional
to the intensity of the displayed dot.

The first types of B-mode displays were called BISTABLE. In these scanners, if
an echo was detected, a dot was displayed; it was an all-or-nothing condition. There
was no gradation of brightness on the display; the images were truly black and white.
Further technological developments allowed the brightness of the dot to be
modulated in relationship to amplitude. This gradation of shades of gray gave rise to
the GRAYSCALE display techniques that are, today, the basis of our images.

A bistable image is simply an accumulation of white dots on a black background
(Figure A). In grayscale imaging, however, the brightness of the displayed dot is
directly proportional to the amplitude of the returning echo. In the example below,
this difference is apparent in the high amplitude, specular reflectors produced by the
diaphragm and the low level, diffuse reflectors that are returned by the non-specular
interfaces within the liver parenchyma (Figure B). The diaphragm appears on the
screen as bright white, while overall the liver appears as a medium shade of gray.
The difference in appearance is a direct result of the different amplitudes of the
returning echoes. The exact shade of gray assigned to a particular strength of echo
can be controlled in many ways. First, manufacturers program the scanner to always
use a DEFAULT setting where the amplitude is pretty much directly proportional to
shades of gray. This arrangement can be changed by the operator in a number of
ways, which will be discussed later in this book. The main methods of altering
grayscale assignment, however, are the pre- and post-processing functions.
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M-mode (or sometimes “T-M mode”) stands for motion mode (or time-motion
mode). In this method of display, a B-mode image is displayed along a horizontal axis
as the recording medium is moved along a vertical axis (see below). This display
yields a group of lines that depict the motion of moving interfaces vs. time. Acoustic
reflecting surfaces that are stationary will cause straight lines on the graph, whereas
moving interfaces will cause undulating or wiggly lines. This type of display is used
almost exclusively in echocardiography. Depending on how the transducer is aimed,
various areas in the heart can be studied, and, more important, the movement of
various portions of the heart can be quantified using a mode display. However, any
structure that has motion within the body can be recorded on an M-mode display;
e.g., movements of the diaphragm or pulsations of the aortic wall

A B C

B-mode

M-mode

M-mode echocardiogram through
the anterior mitral leaflet

M-mode
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Imaging System Components

Pulse-echo sonographic systems create two-dimensional images of human
anatomy. They do this by first transmitting precise, timed packets of ultrasound
energy into the body. These pulses interact in predictable ways with human soft
tissue, and a portion of the sonic energy is reflected back to the instrument. The
system “listens” for these returning echoes and when they are detected, analyzes 
and displays them in a format compatible with the application selected by the
operator. While the specific design and function of the various components of a real-
time imaging system are very complex and sophisticated, all systems share some
basic components. These include:

The accurate acquisition and display of sonographic information is dependent
upon physical and electrical phenomena that occur in fractions of millionths of one
second. Electrical pulses sent to multiple elements in a transducer array, receipt of
multiple echoes between pulse transmissions, processing each of these signals, and
keeping track of all these functions is the job of the master synchronizer.

The heart of any ultrasound system is the transducer display, or array. In
antiquated, static B-scan systems, transducers were the simple single crystal
elements described earlier in this book. Contemporary real-time imaging systems
utilize a wide variety of transducer and probe designs. These are discussed in
Chapter 8, Transducers.

1. Master Synchronizer
2. Transducer
3. Pulser
4. Receiver
5. Storage Device (scan converter)
6. Display Devices

1. Master Synchronizer

2. Transducer
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To generate ultrasound waves, the transducer crystal must be excited by an
electrical signal. The component of the scanner that performs this task is the pulser,
also known as the pulse transmitter. A pulser consists of three basic parts: a
CLOCK, a high voltage PULSE GENERATOR, and a TRANSDUCER.

The high voltage PULSE GENERATOR delivers a short, high amplitude electrical
jolt to the transducer crystal. This short, quick voltage is known as the driving or
excitation voltage and can be compared to the clapper ringing a bell. The application
of this shock voltage causes the crystal to vibrate for a very short period of time. The
voltage applied to the crystal is typically in the range of 150 - 900 volts and lasts for
as little as 1-2 s.

The amplitude, power and intensity of ultrasound energy emitted by the
transducer are a function of the peak voltage applied by the pulser. The pulser is
also affected by the sensitivity of the crystal, that is, how efficiently the crystal
converts electricity into sound waves. In most systems, this outgoing amplitude is
referred to as OUTPUT POWER and can be set by the operator. The switch that
adjusts the output power is often called an attenuator (has nothing to do with what
happens in the body). Basically it refers to the reduction in voltage applied to the
crystal. An attenuator usually reduces the applied voltage from a maximum value in
decibel increments. In most systems, maximum output power is referred to as 0 dB
and decreasing output levels are labeled as -2 dB, -4, -6, etc. If the manufacturer
wishes to establish the minimum output values as 0, however, increasing output
above this level will result in an increase in dB values, such as +2 dB, +6dB, etc.

The pulser can play another role in determining the signature frequency of a
transducer. In continuous-wave, dual-crystal instruments, the frequency of the
excitation voltage determines the resonant frequency of transducer. In pulse-echo
systems, the electrical voltage applied to the crystals has its own frequency and can
influence the frequency of the sound beam. If, for example, a manufacturer wants to
enhance a 3.5 MHz transducer to produce a slightly higher range of frequencies to
produce a better image, the engineers simply apply a higher frequency voltage to the
crystals that increases the resonant frequency of the sound beam. A wide variety of
engineering techniques utilizing this principle exist.

The CLOCK controls the amount of time that the crystal is excited by electricity.
Excitation time directly affects spatial pulse length and duty factor, both of which are
important parameters in producing pulse-echo sonographic images. Like a
stopwatch, the clock, in conjunction with the master synchronizer, also keeps track of
when the pulse leaves the transducer. The imaging computer can then use the
range formula to calculate the distance of returning echoes.

3. Pulser
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TIME GAIN COMPENSATION (TGC). Because of attenuation, echoes that are
received from reflectors deeper in the body are weaker than those obtained from
superficial structures with similar acoustic mismatch interfaces. To compensate for
this difference in echo amplitude, selective amplification can be applied to echoes
received later in time, which, because of the range formula, correlates with distance

In some instruments, electronic attenuators are used to control both the voltage
used to ring the crystal and the amplitude of the received echo. Operator controls
that perform these functions are typically labeled INPUT/OUTPUT. The weakest
signal that an ultrasound-imaging instrument can detect and display is referred to as
its SENSITIVITY and is a function of transducer frequency, overall and TGC receiver
gain, reject control and the variable focal zone on electronically focused transducers.

The next major functional component of an ultrasound imaging system is the
receiver. Echoes returning to the transducer are converted into electrical impulses by
deforming, or compressing, the piezoelectric crystal. The amplitude of these
impulses varies widely because of the magnitude of varying reflectors encountered
by the sound beam in the human body, but overall they are very weak. The receiver
processes these electronic signals so they can be further utilized in creating an
image on the display screen. The five major functions of the receiver are:

AMPLIFICATION
COMPENSATION
REJECTION
COMPRESSION
DEMODULATION

AMPLIFICATION is the process by which the very low amplitude signals
produced by the transducer are strengthened so that they may be further processed
by the imaging system. The amplifier makes signals louder, increasing the volume
of the received echoes so that they can be appreciated and properly recorded. Prior
to being sent to the amplifier, echo signals are frequently pre-amplified, or made
louder at the transducer face itself. Once this is done, the radio-frequency (RF)
signals are further strengthened based on instructions provided by the sonographer
who adjusts the gain setting. Signals received from the crystal can be amplified in
different ways. Linear amplification means that the signal is amplified directly in
proportion to its size upon entering the receiver. Because the strengths of these
signals vary widely, linear amplification is not very useful in medical imaging systems.
Within a single scan line, for example, the range of echo amplitudes can vary from 0-
90 dB –a ratio of approximately one billion to one. The spread of this range of
amplitudes is called the dynamic range, or bandwidth, of the signal. It is because of

4. Receiver
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this extremely wide dynamic range that logarithmic amplification is generally required
in the receiver. With logarithmic amplification, weak echoes are strengthened
more than strong echoes. This tends to narrow or compress the large range of echo
amplitudes.

COMPENSATION is the process that logarithmically equalizes the differences
between received reflection amplitudes due to the effects of attenuation. Since
attenuation is directly related to path length, the echo returning from a great depth
has lower amplitude than one returning from a shallow depth. Gain controls
compensate for this disparity in echo amplitude and make all echoes reflected from
similar interfaces appear the same magnitude regardless of the depth from which
they return.

REJECTION selectively eliminates all low-level signals below a minimum
amplitude value. This reduces the display of electronic NOISE, or very low-level
signals not associated with the interaction of ultrasound in soft tissue. Noise can be
produced by a variety of mechanisms and is frequently seen on images obtained with
scanners not using a dedicated power line. Blizzard-like bursts of low level echoes
flashing across the screen are frequently seen while doing a portable sonogram in an
ICU, for example. In these situations, electromagnetic waves emitted by life support
systems, heart monitors, and even elevators interfere with the accurate display of
diagnostic information. Rejection techniques, also called SUPPRESSION or
THRESHOLD prevent the display of such noise.

Linear amplification.
All echoes amplified equally.

Compensation.
Weak echoes amplified more

than strong echoes.
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Rectification.
Negative voltages changed into

positive voltages.

Smoothing.
Signal strengths are smoothed

out for further processing.

COMPRESSION is the process of reducing the total range of signals coming into
the receiver, from very weak to very strong. It is done without altering the
relationship between the voltages of these signals. Compression is accomplished by
the use of logarithmic amplifiers that strengthen weak signal more than strong ones.
As discussed above, the ratio of the largest amplitude to the smallest amplitude that
can be handled by the system is called DYNAMIC RANGE. Display of the vast array
of signal amplitudes arriving at the receiver would be impossible; therefore,
compression reduces the total number of signals so that the echo information can be
displayed as a two dimensional, gray scale image.

DEMODULATION is a process that essentially changes the shape of the signal
produced by the receiver. Initially, these signals are complicated "wiggly" forms that
can't be processed easily by the system. By converting these wiggles into simpler
forms while retaining the amplitude information, the signals are easier to process.
Demodulation is also referred to as DETECTION or ENVELOPE DETECTION and
consists of two separate components. 1) RECTIFICATION turns all of the negative
voltages into positive ones and 2) SMOOTHING which consists of putting an
envelope around the bumps to even out the rough edges.
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A scan converter is a memory device which integrates positional information
(x,y axes) and the echo amplitude (z axis) into a format that can be used to produce
an image. In other words, a scan converter takes information in one format
(processed RF signals) and converts it into another format (video display) that results
in a two-dimensional, sonographic or color Doppler image. The echoes are received
on a first-come, first-in format based on the arrival time of the echoes at the
transducer. This echo data is then displayed on a CRT using a horizontal line-by-line
raster process; the same process used in most all video displays. While
contemporary real-time ultrasound imaging systems utilize digital image acquisition,
processing and display technologies, an understanding of analog systems is also
essential.

In a scan converter, the image plane is divided into equally sized squares called
pixels (picture elements). In an analog scan converter, there are commonly 1,000 x
1,000 pixels in the image plane. Digital systems almost always contain 512 x 512
pixels. In each of these spaces, an electric charge (analog) or number (digital) is
stored. This piece of information not only records where in space the echo is coming
from it also assigns a shade of gray to it. In B-mode imaging, the brightness of an
individual pixel should be proportional to the amplitude of the returning echo. One
function of the scan converter is to determine the amplitude of each impulse and to
shade the corresponding pixel accordingly. A linear assignment means that the
brightness of the pixel is DIRECTLY proportional to the amplitude of the received
signal. The number and assignment of gray shades displayed is a function of the
complexity of the scan converter as well as the dynamic range of the CRT. The
assignment curves can be changed by the operator in a number of ways which are
discussed under image processing.

In electronics, analog simply refers to the fact that the electrical signals passing
though a circuit may have an infinite number of values. In sonography imaging, for
example, the echoes received by the transducer and passed to the receiver as RF
signals can have any amplitude possible within the range from lowest detectable to
highest receivable. In digital systems, on the other hand, there are a finite number of
possible values within the same dynamic range of possibilities.

While the technological realities between analog and digital electronic systems are
complex, the theoretical difference can be demonstrated by considering the following
example: There are two ways for a person to get to the second floor of a building; 1)
take a ramp or; 2) take the stairs. Climbing the ramp, the person can stop anywhere
between the two floors. Because the ramp is a continuous connection between the

5. Storage Device- Scan Converter

Analog vs. Digital Technology
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two floors, there are an infinite number of possible positions between the top and
bottom floor. In climbing the stairs, however, there are a limited number of positions
between the two floors. Each stair represents a definite value or state between the
two conditions (first and second floor), and it is impossible to stand between the
stairs. Similarly, in digital systems, there are a finite number of possibilities in
positions for storing or processing electronic information.

There are significant advantages to using digital techniques in image processing
applications. First, digital systems are much less sensitive to "noise" and, therefore,
display the information more accurately. Secondly, values in a digital system are
discrete and well defined. There is no doubt about the exact nature of the signal.
Finally, digital signals can be read by computers. The integration of computer
technology with ultrasound imaging systems represented probably the greatest
technological advancement our field has ever seen. Once the signal is digitized,
engineers can do amazing things with both the output (sound beam) and the input
(echoes).

“Digital computers are based on the binary system in which symbols or states are used to
encode information (numbers, characters, and instructions). Similar to Morse code, in which
a series of dots and dashes represents numbers and characters, the computer employs
combinations of 0’s and 1’s in its code. The on-off operation of switches in an electric circuit
is ideally suited to represent these two possible states (the “off” position corresponds to 0 
and the “on” position corresponds to 1).      The relative ease of representing two symbols in 
the binary system instead of the ten symbols necessary in the decimal notation dictated that
computers operate in binary. In addition, electric circuits designed according to Boolean
principles (a mathematical treatment of logic developed by George Boole in the middle of the
last century) could perform logic comparisons, as well as execute complex calculations.
     A single binary digit (called a “bit”) can be either 0 or 1 and thus is limited to two 
configurations. To increase the number of possible configurations, several bits are combined
and treated as a single entity called a “word”. The word length denotes the number of bits 
that are moved as a group in and out of a location in computer memory and also dictates the
maximum number of bits used in computation. The design of a specific computer fixes the
word length.

Binary Representation

ANALOG DIGITAL
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Another term that describes a collection of bits is the byte. A byte is a group of 8 bits and is
required to code a single character, such as one letter of the alphabet. The capacity of data
storage units, such as floppy disk drives and magnetic tapes, is expressed in bytes or
megabytes (millions of bytes). The total number of bytes indicates the total number of
characters that the storage device can hold.” (From: Hykes, Hedrick, et al. Ultrasound Physics
and Instrumentation 2nd Ed, 1992.)

Analog Scan Converter
Scan converters are memory devices. The analog scan converter is a specially

designed vacuum tube similar to the picture tube in a television. As with an
oscilloscope, an analog scan converter tube contains an electron gun that fires a thin
electron beam toward a target. The target in an analog scan converter is a 1,000 x
1,000 matrix of 10 silicon oxide elements. The amount of electric charge is
proportional to the amplitude of the echo generated from that corresponding spot
from within the patient. The location of the charge corresponds to the location from
which the echo was generated. An “electric image” of varying electric charges is 
produced on the silicon oxide screen that corresponds to the amplitude and location
of the echoes from within the patient’s body. To convert this electric image to a visible 
image, the target screen is scanned again in a horizontal fashion by the electron
beam. This time the various charges on the silicon oxide target screen cause the
electron beam to fluctuate in proportion to the amount of charge. In other words, the
first electron beam produces an electric image by causing the tiny elements in the
target to store a very small electric charge. The second electron beam then “reads” 
the electron charges, converting this information into a fluctuating electric signal,
which can then be sent to a video display screen. Thus, positional and echo ampli-
tude information provided from the crystal elements and receiver portions of the
machine, respectively, are sent to the scan converter. From there, they are
converted into an electric image on the scan converter tube target. The information
on the target is then converted to a video signal, which can be displayed on a
standard video screen.

Digital Scan Converter
Digital scan converters, like analog scan converters, are memory devices. How-

ever, instead of a scan converter tube, the positional (X,Y) and echo amplitude (Z)
information is stored in a solid-state semiconductor device. This technology is similar
to the memory portions of computers. There is no electron beam that has to be
focused, and there is no drift in a digital scan converter. A digital scan converter
provides stable performance compared with an analog scan converter. The
information in the memory is stored in a digital format that allows more sophisticated
signal processing. Digital scan converters also allow flicker-free scanning and writing
capabilities.
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Digital scan converters store a number rather than an intensity in each pixel.
Basically, the image is divided into a 512 x 512 grid. If the memory were made up of
a single layered grid, each pixel could only store one of the two binary numbers (0 or
1) which corresponds electronically to and “on” or “off” state.  In such a case, only
two shades of gray could be displayed, (i.e. black or white), resulting in a bistable
display. In order to create a broader image grayscale, additional layers of grid
memory are necessary so that additional bits of information can be stored for each
pixel. For example, in a four-bit memory, there are four layers of grids so that each
pixel has four bits associated with it. In the binary numbering system this allows
numbers from 0-15 (42 or 16 shades) to be stored. In contemporary digital scan
conversion systems; memories consist of 512 x 512 x 8 bits, providing over 250,000
pixels with a 256 grayscale capability. This enhanced digital memory allows storage
of many shades of gray that improves CONTRAST RESOLUTION which is the ability
to distinguish between echoes of differing degrees of brightness (amplitude).

.

ANALOG-TO-DIGITAL SCAN CONVERTOR
A device called an analog-to-digital converter is used to change the echoes into
digital signals. Different manufacturers do this at different points in the processing
sequence; however, most do it as soon as possible after receiving the echo
information. Some transducers have even been designed to act as A/D converters.

OSCILLOSCOPES (CRT) DISPLAYS
An old type of echo signal display device, seldom used in modern scanners

except in some stand-alone A-mode instruments, is an oscilloscope. The operation
of a standard cathode ray tube (CRT) oscilloscope is illustrated in the accompanying
figure. Electrons (or “cathode rays”) are produced in anelectron gun by heating a
filament. The electrons are focused into a beam and accelerated toward a phosphor
screen. Upon striking the phosphor they cause the phosphor to emit light, which is
visible to anyone observing the screen from the outside.

Number
of bits

Lowest Number
Stored

Highest Number
Stored

Shades of
Gray

4 0 15 16
5 0 31 32
6 0 63 64
7 0 127 128
8 0 255 256

6. Display Devices
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The usefulness of the device lies in the fact that the electron beam can be swept
or steered across the screen by applying electrical signals to horizontal and vertical
deflection plates inside the tube. For example, it may be swept from left to right on
the screen, tracing out a straight line. An A-mode signal can be displayed by syn-
chronizing the start of the left-to-right sweep with the excitation pulse applied to the
transducer. As echo signals are received and processed, they are applied to the
vertical deflection plates. This produces the characteristic “spikes” associated with 
this display. The horizontal sweep speed is calibrated so reflector depths can be
determined from the echo arrival time.

In early ultrasound scanners, the oscilloscope was also used for displaying M-
mode data and ultrasound B-mode images. The oscilloscope was useful in these
applications because its electron beam can be deflected in any direction and
brightened at any spot on the phosphor screen. In imaging, this permits actual
tracking of the sound pulse position as it is reflected from interfaces at different
depths. The sweep of the electron beam on the screen can be made to follow the
sound beam for any scan motion. A special-purpose memory oscilloscope, or storage
oscilloscope, allowed the image to be viewed directly during and after image build-up.
Ultrasound images built up on storage oscilloscopes most often employed leading-
edge signal processing along with a bistable storage screen. This produces a very
high contrast image on which each section of the display is either white or black,
depending on whether an echo signal happens to be detected from the
corresponding point in the patient.

In grayscale processing, echo signal amplitudes are encoded in display intensity.
Early grayscale scanning consisted of building up the image on photographic film,
which was continuously exposed by the oscilloscope screen during scanning. This
has been superseded by television monitor displays and digital memory scan
converters.

TELEVISION (VIDEO) MONITORS
TV screens, or, more

precisely, video monitors also
function somewhat like
oscilloscopes, having an electron
beam that is accelerated and
directed toward a phosphor
screen. The screen emits light in
response to the electron beam.
The brightness of the light is
controlled by the intensity of the
electron beam current.

In contrast to an oscilloscope display, the electron beam scanning arrangement of
most TV monitors is fixed in a repeating orizontal raster format. The scan begins at
the top left corner of the screen, moving horizontally to the right tracing out a line,
rapidly returning to the left side and tracing out a second line, etc. The video signal
sent to the monitor controls the brightness at every spot by modulating the electron
beam current. Synchronization (sync) pulses are also available to make sure the start
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of each horizontal trace is precisely in step with the data emerging from the scan
converter or other video source.

A complete 525-line image is read in 1/30s. However, human observers can
detect individual flashes of light occurring this rapidly, and this was considered
bothersome during the development of television. To overcome effects of flicker,
ordinary 525-line monitors sweep the electron beam over the screen in two passes,
referred to as fields. This is illustrated in the figure above. In the first field the raster
scan arrangement traces out 2621/2 lines on the screen, the process taking 1/60 of a
second. In the second field the electron beam is swept so that it fills in between the
lines of the first field, again taking 1/60 of a second. A completed frame consists of
both interlaced fields and requires 1/30 of a second, but the flashes from a resolvable
region on the image are occurring at 60 times per second and are hardly perceptible.

“Television monitors are advantageous for grayscale imaging because they can produce a 
large number of distinct brightness levels or gray levels. This is done with very good spatial
detail or resolution. (Even higher-resolution monitors, with more than 525 raster scanned TV
lines, are available and are used in some areas of medical imaging.) Color monitors have
three electron guns, each producing image signals that activate either red, green, or blue. Each
addressable spot on the screen surface has three elements, one for red, one for green, and
another for blue. Different mixtures of the primary colors red, green, and blue are used to
produce the desired display color.”
(From: Zagzebski, JA Essentials of Ultrasound Physics, 1996.)

See p. 92 for Exercises 6: Imaging System Controls
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