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DISCLAIMER

The information contained within this report is based on the knowledge gained during my Raytheon career.  Sources of knowledge came from day-to-day work experiences while working on programs such as the AN/APS-137 radar in McKinney Texas, the IFF Mark XV program, and the HiTeP program in Dallas.  In addition, sources of knowledge came from radar classes taught by Raytheon Institute of Learning as well as numerous library and college textbooks.

The opinions expressed in this report are strictly those of the author and are not necessarily those of Raytheon, Texas Tech University, nor any U.S. Government agency.

ABSTRACT

Basic radar concepts and ideas started in the late 1800s.  Radar has and continues to evolve at a steady pace.  Each year, new ideas, concepts, and technologies are developed that increases the capabilities and performance of radar systems.  Because radar capabilities, performance, and technology continue to improve, the quantity of applications continues to rise.  There are numerous applications today including microwave ovens in our kitchens, X-Ray and sonograms in our hospitals, air-traffic control in our airports, weather and navigation radar in our airplanes, ground mapping radar in our defense spy satellites, collision avoidance radar in our airplanes and automobiles, and various other applications.  

Given that radar is part of our everyday life, the engineering community must have a basic understanding of the history of radar, the concepts behind radar, and the physical units that make up the radar.  It is the intent of this report to address each of these topics in such a way that it makes the reader comfortable with radar.   
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CHAPTER I                                                                                                                                                                                  INTRODUCTION

Radar plays a vital role for all of us today.  Radar stands for Radio Detection and Ranging.  It provides us with an early warning against serious weather like thunderstorms, tornados, and hurricanes.  It provides our military with several different applications such as targeting weapons, electronic warfare for self-protection and removal of enemy air defenses, and ground mapping for battle damage assessment.  Radar also plays a vital role in our national defenses.  Our government agencies are able to image the total earth surface using satellite-based radars.  Using satellite-based radars, our government is able to watch the development of weapons of mass destruction, troop build-ups, and the list goes on.

There is no better device/system to determine the range and bearing of an object than the radar.  The radar is able to determine the range of an object (how far it is from the radar) by calculating how long it took from the time the transmitted pulses left the radar to the time it took for the echo (returned pulse) to return to the radar.  The radar is also able to determine the angle of the reflected radio wave by rotating its antenna to determine the source of the reflection.  Not only can the radar determine the distance and bearing (angle) of an object from the radar, but it can also determine its Doppler frequency shift.  The Doppler frequency shift is used to discern stationary targets from moving targets.  By consistently calculating the Doppler frequency of an object, the radar can determine coarse and speed of the target. Targets can be as simple as a cluster of thunderstorms where meteorologists look for Doppler shifts, or rotations within the storms for tornadic activity to complex targets like incoming missiles moving an extremely high rate of speed.

Radar has the capability to operate in bad weather such as cloudy days and rainy conditions.  Radar also has the capability to operate in total darkness since it relies on RF (radio frequency) signal reflections from object.  These capabilities makes radar an extremely important system to various applications discussed above and listed below:

1. Air-traffic control at major airports

2. Aircraft navigation

3. Naval navigation

4. Weather detection and prediction

5. Space applications for docking with other spacecraft

6. Mapping the earth

7. Law-enforcement for speed measurement

8. Military applications that include reconnaissance, target detection and tracking, navigation, battle damage assessment, and target acquisition.

The objective of this report is to provide the reader with a brief history of radar, the basic understanding of radar, and examples of various architectures.

CHAPTER II                                                                                                                                                                                  BACKGROUND

2.1 An Abbreviated History of Radar

Early on, it was discovered that most objects, when bombarded with a series of radio waves, would reflect them (more like a scattering effect) upon impact.  Consider the bat that has no eyesight and relies on its radar-like capability to fly around, gather prey, and return home using a radar-like method.  The bat communicates, or sends out in this case, a series of shrill noises.  These shrill noises, reflected off surfaces back to the bat, are used to avoid obstacles and home in on its prey [Stimson, 1983].  It was concepts like these that led engineers to develop a system that would detect and display objects in order to determine its location and distance.  The system which engineers developed was/is called radar (RAdio Detection And Ranging).

Radar uses electromagnetic waves for detection and location of objects.  The radar system generates and transmits a predefined waveform, detects the received echo, and displays the echo (target) on a display.  [Skolnik, 1988] Heinrich Hertz, in 1886, tested the theories of Maxwell and demonstrated the similarity between radio and light waves.  Hertz showed that radio waves could be reflected by metallic and dielectric bodies.  In 1903, a German scientist experimented with the detection of radio wave reflected from ships. The Germans demonstrated the reflected waves, but were unable to operate at long distances.  In 1922, Marconi told an audience during a speech that it is possible to design an apparatus that would transmit radio waves at a ship and receive the reflected radio waves that would then reveal the presence of another ship with its range and bearing attributes.  Even though the exact date that radar was developed is not known (probably started near the turn of the century), many use 1935 as the starting date of radar development since many papers, demonstrations, and serious developments began at that time.  In the 30’s, several countries presented papers and demonstrated their radar systems and capabilities simultaneously.  

By the end of 1934, three engineers from Naval Research Laboratory in Washington, DC detected an aircraft using a 60 MHz pulsed radar.  The following year, in Great Britain, an engineer was able to detect an aircraft using bi-static radar.  That same year, the French were testing radars with different wavelengths (radar frequencies).  The same year, the Germans demonstrated a 600 MHz radar on a naval ship.  Concurrently, the Italians began testing radar to detect people and vehicles.  The same year, the Russians began detecting aircraft at various distances with different power levels and antenna types.  The following year, 1936, the Japanese proposed and demonstrated the Doppler radar principle [Skolnik, 1988].   As shown in Figure 1, the SCR-268 radar was developed in the mid 30’s by the US Army to detect and track aircraft.  The SCR-268 radar remained operational for several years until the Germans rendered it useless in the early 40’s by jamming its receiver.
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Figure 1.  Radar Set SCR-268 (courtesy of US Army camp Evans). 

The need to provide bombers with long distance targeting capability and provide allies cities with anti-aircraft defense catapulted radar technology and development in several countries simultaneously in the forties.  The Germans were, for the most part, the leaders in radar development. Several key developments emerged during the forties that set the foundation of radar technology as we see it today.   The SCR-548 was designed as a replacement for the SCR-268/270 series of radars.  The SCR-548 was the first radar that provided the necessary angular position accuracy that allowed allies to turn-off searchlights or optics.  

In the fifties, higher power amplifiers were developed allowing the range of aircraft detection to increase as well as ballistic missile detection.  Angular measurements made by radars continued to improve with precision instrumentation in antennas and receivers.  As shown in Figure 2, the AN/FPS-16 radar was very successful radar built in the early 50’s.  The success of the AN/FPS-16 radar was due to its angular position accuracy.  
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Figure 2.  AN/FPS-16 Radar (courtesy of Naval Air Warfare Center).
The first synthetic aperture radar (SAR) was demonstrated (a SAR radar is an airborne radar used to map the ground).  The SAR capability is used in many radar systems today and the resolution of the images produced by this radar continues to improve with time.  Airborne weather avoidance and ground based weather observation radars were also developed.

The sixties saw the advent of the first Solid State Phased Array Radar.  Solid State Phased Array Radars consist of both Electronically Scanned Arrays (ESA) and Active Electronic Scanned Array.  In addition, the sixties began the start of digital signal processing.  Instead of rotating an antenna to point at a particular object, phase shifters were used to steer the beam to a particular location.  Due to the control of the phase shifters, the digital processor made significant advances in an effort to keep up with the technology demand.  More and more functions were implemented in digital hardware as opposed to analog hardware – a trend continuing today.  Moving target indicator (MTI) radars first took to the skies on board the E2 AEW (Airborne Early Warning) platform.  The first set of ground-based radars like the one shown in Figure 3, were developed to detect and track space based satellites and installed in the southern US.  During the sixties, electronic counter measures were developed to counter enemy radar jamming to avoid degrading the radars performance.
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Figure 3.  AN/FPS-85 Ground Based Radar (courtesy of Global Security).
During the seventies, digital signal processing (DSP) continued to make inroads.  DSP improved the accuracy of the radar in several areas such as MTI, SAR, and ISAR (Inverse Synthetic Aperture Radar).   A bi-product of the Vietnam era was radar that was capable of penetrating the earth for tunnel detection/location.  Today the radar penetration capability is used to locate mineral deposits, detect underground bunkers, and several other uses.  

From the eighties to today, radar has continued to improve.  The Navy’s primary air defense attack fighter (F/A-18) recently received a targeting upgrade that employs an AESA antenna as shown in Figure 4.  Naval ships of the future will integrate dozens of applications (types of radar using multiple antennas) into a single electronically scanned array as shown in Figure 5.  As processing technology continues to improve at a rate close to Moore’s law, radar systems continue to shrink in size thus allowing the same capability in a smaller size or more capability in the same size.  Weather observation and systems continue to improve increasing the length of time from severe weather (tornadoes, hail, etc) detection to public alarm activation.

[image: image4.png]



Figure 4.  AN/APG-79 AESA Radar for F/A-18 (courtesy of Naval Air Command).

Ballistic missile defense continues to improve with detection that is more accurate along with increased tracking capabilities.  No longer is missile defense used only detection and tracking ICBMs, but it now provides for detection and tracking of smaller missiles traveling at rates 10 to 20 times faster.  Ballistic missile defense is no longer limited to ground applications and now is being planned/deployed on Navy ships.  Airport surveillance radars continue to improve through more accurate radar detection and tracking, thus making the skies much safer for air travel.

[image: image5.jpg]



Figure 5.  Future Naval Ship – DD21 (courtesy of Raytheon).
If not for the requirements of the military, radar would have progressed at a much slower rate over the years.  The need for self-defense, better targeting, better range capability, and smaller size systems drove the rate at which radar technology developed over the past 65 years.  The military today must be able to perform its mission in adverse weather conditions and be immune from jamming while not being a target for hostile enemies.  As technology continues to improve, the military needs follow.

CHAPTER III                                                                                                                                                                                  INTRODUCTION TO RADAR

3.1 Radar Basics
Radio waves and light emit a flow of electromagnetic energy.  Light waves have higher frequencies while radio waves have longer wavelengths or shorter frequencies.  Shorter frequencies allow radio waves to penetrate the earth’s atmosphere without degradation.  [Stimson, 1983] By detecting the reflected waves (echo), it is possible to identify objects at night, through haze, smog, fog, or clouds. 

As shown in Figure 6, the most basic radar architecture consists of two antennas, a transmitter, a receiver, and a display.  In this most basic radar architecture, the transmitter transmits a continuous frequency and passes the frequency on to the transmit antenna.  
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Figure 6.  Basic Radar Architecture.
The transmit antenna radiates the continuous wave signal at a fixed frequency received from the transmitter.  The receive antenna accepts incoming continuous wave signals and passes the RF signal on to the receiver.  The receiver continuously converts incoming electromagnetic waves and sends the converted information to the display for the operator to evaluate.  When target echo’s are received by the receiver, the amplitude of the echo’s are much higher in amplitude when compared to non-target returns (either clutter or noise).   The receiver continuously updates the display as new information is received.  In the early days of radar, the bright spot (high amplitude signal generated by the receiver) on the display was called a blip. 

Radars come in several varieties.  For example, radars consist of CW radar systems, passive radars systems, and pulsed radar systems.   In CW radar systems as shown in Figure 7, the transmitter generates and transmits a continuous signal at the same time the returned signal (echo) is being received.  In CW radar systems, the returned signals (echo), from the target are shifted in frequency when compared to the transmitted frequency, thus a target has been detected.  Range measurements cannot be made with a CW radar system.  The CW radar system is used to examine the Doppler effect on the returned signal.  To obtain range measurements using a CW radar, the continuous wave is modulated to extend the bandwidth of the transmitted wave.
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Figure 7.  CW Radar System.
In passive radar systems as shown in Figure 8, the received signals (echo) from the target may have been created by the target via its own transmitter or the target reflected a signal from some other known source.  A pulsed radar system as shown in Figure 9, transmits a pulse rather than a continuous wave signal.  The pulsed radar system also utilizes a single antenna for both transmitting and receiving.  
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Figure 8.  Passive Radar System.
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Figure 9.  Pulsed Radar System.

Bi-static radars, as shown in Figure 10, have their transmitters and receivers separated by a considerable distance.  If the radar system employs additional receivers while still using one transmitter, the system is called multi-static.  Unlike the mono-static radar (one antenna for transmit and receive) that is hemispherical, the bi-static radar is planar.  To make a bi-static radar hemispherical, both transmit and receive antenna would need to rotate in unison – extremely difficult if separated by large distances.
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Figure 10.  Bi-Static Radar - Pulse or Continuous Wave.

To be detected by most high frequency radars, a target must be within the line of sight.  As shown in Figure 11, the radar is unable to detect the target since the target is hidden behind the mountains.  Several drivers are important to radar detection.  [Stimson, 1983] The major drivers include:

1. Power transmitted by the radar 

2. Size of the radar antenna – antenna area   

3. Reflecting characteristics of the target – Radar reflectivity or radar cross section

4. Wavelength of the transmitted wave – Determined by the radars frequency

5. Strength of background noise or clutter

6. Noise figure and detection sensitivity of the receiver
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Figure 11.  Radar Line of Sight.

The “range” to a target as illustrated in Figure 12 is determined by the time it takes for the transmitted pulse to complete it’s round trip from the transmitter back to it’s receiver.  The signal transmission occurs at the speed of light. The range to a target is ½ of the total time calculated by the receiver.  


Figure 12.  Radar Range.

To cover 360 degrees of azimuth (horizontal) coverage for applications such as weather radar, radar antennas must be rotated.  As the antenna is being rotated, the transmitter is pulsed.  The position of the antenna as the reflected pulse is received determines the azimuth location or bearing (angle) of a target.  

For tracking targets in applications like air traffic control, the movement of each target must be tracked in time to accurately illustrate the position of each target.  Target tracking is accomplished by continually rotating the antenna and updating the display.  For targets that are traveling at higher velocities, the rate at which the antenna rotates can be increased or the antenna can be stopped and positioned on the target of interest.

The term Doppler frequency relates to frequency shift between the transmitted signal and the received echo signal.  As you listen to a helicopter as it approaches, passes, and flies away, it exhibits varying sound pitch depending upon where it is as it passes by.  These sound variations are an example of the Doppler effect.  Using severe weather as an example, meteorologists watch for significant frequency shifts in thunderstorms.  Significant frequency shifts can denote tornadic activity.  One side of a tornado will exhibit frequency that is increasing while the other side will exhibit frequencies that are decreasing relative to the transmitted frequency.  The digital signal processor (receiver) calculates the frequency of each echo and displays the results for evaluation by the operator.  

Radars make use of the Doppler effect in many applications.  Fighter aircraft must use a radar mode called MTI.   MTI allows the fighter pilot to pick out targets that are moving while filtering out unwanted signals and stationary targets.  Without MTI, slow moving targets like tanks and SCUD launchers would appear to be stationary.  As the targets move, the Doppler frequencies are calculated and target trajectories and rate of travel are displayed.

Ground mapping radar modes like SAR are heavily dependent on the reflecting properties of ground objects.  Objects like lakes, metal roofs, grass, etc all exhibit different properties.  The radar displays the different properties as differing amplitudes – brightness on the display.   The reader must keep in mind that the radar map is different from a road map due to the wavelength differences found in radar versus visible light.  

Frequencies used by radars today vary depending upon the application for which it is intended.  As shown in Figure 13, radar covers a wide range of frequencies – 30 MHz to 40 GHz.  Frequency is defined as the quantity of cycles in the wave per second (cycles per second term is named a Hertz). As new radar approaches are discovered, new frequencies may be required.  As listed in Table 1, the conventional radar frequency range is subdivided into bands.  Each band has its useful purpose.  For instance, today’s global positioning satellite (GPS) system uses the frequencies allocated to L-band.  X-band is used in many fighter aircraft for targeting, MTI, and SAR.


Figure 13.  Conventional Radar RF Spectrum.

Table 1.  IEEE RF Band Nomenclature

CHAPTER IV                                                                                                                                                                                  RADAR ARCHITECTURE

4.1 Radar System 
As discussed earlier, the basic radar consists of an antenna, transmitter, receiver, and display.   Radar systems today are far more complicated and require several different elements working in unison to operate correctly.  A more detailed look into today’s radar systems is shown in Figure 14.  The detailed radar system is comprised of several more elements including a single antenna, duplexer, transmitter, receiver, exciter, control processor, video processor, and a display.  In this chapter, each of these elements will be discussed in more detail.


Figure 14.  Detailed Radar System.

4.2 Antenna

An antenna is any device that is able to collect and/or radiate electromagnetic energy.  There are two basic types of antennas – omni and directional. Examples of omni antenna would include car antennas, cell phone antennas, and CB radio antennas. Examples of directional antennas include satellite television, weather radar, and radar guns used for law enforcement. 

4.2.1 Omni Antenna

Omni antennas radiate energy up to 360 degrees equally.  Omni antennas can also receive energy up to 360 degrees.  Since the omni antenna can cover 360 degrees, the amount of transmitted power must be great since it must cover 360 degrees.   As shown in Figure 15 and Figure 16, omni antennas come in different shapes and sizes such as the post style antenna that covers 360 degrees and the flat antenna that covers 180 degrees.   In Figure 17, the antenna pattern for an omni antenna that covers 360 degrees in azimuth (cross range) is shown by the circle in the figure.  The size of the circle (radius) illustrates the gain of the antenna throughout the 360 degrees of azimuth.  The greater the radius, the more gain the antenna has.  The gain of the antenna depends upon the size of the antenna.  Omni antennas usually have small gains when compared to directional antennas.  
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Figure 15.  Omni Antenna (courtesy of Broadcast Microwave Services).
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Figure 16.  Flat Omni Antenna (courtesy of Broadcast Microwave Services).
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Figure 17.  Omni Antenna Azimuth Pattern (courtesy of Flann Microwave).

A typical omni antenna elevation pattern is shown in Figure 18.  The figure shows that the antenna has an effective elevation of 60 degrees (+/- 30 degrees from the center).

In some applications, it is necessary to have wide coverage in one direction and small coverage in another – omni directional antenna.  An example of an omni-directional antenna is shown in Figure 19.  

[image: image9.png]



Figure 18.  Omni Antenna Elevation Pattern (courtesy of Flann Microwave).
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Figure 19.  Omni-Directional Antenna (MD-248) (courtesy of Flann Microwave).

4.2.2 Directional Antenna

The other type of antenna is a directional antenna.  The directional antenna focuses its transmitted energy to a particular area in space or ground.  As shown in Figure 20 and Figure 21, most directional antennas use a parabolic dish and feed horn to focus transmitted and received electromagnetic energy.

A directional antenna’s beam width is narrow (four degrees) to focus it’s signal pattern in a particular point in space or on the ground.  Since the directional antenna is only 4 degrees (beam width), this antenna has more gain than an omni antenna.  The power that is required to reach (range) the same points of interest as the omni antenna is much smaller.  The antenna pattern for a 4-degree directional antenna superimposed on a polar plot (similar to the 360 degree omni antenna pattern figure) would show a small pie shaped wedge equal to 4 degrees.  A typical directional antenna used in satellite television is shown in Figure 22.  


Figure 20.  Directional Antenna – Transmit.


Figure 21.  Directional Antenna – Receive.
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Figure 22.  Directional Antenna (courtesy of Lorenzen).

4.2.3 Antenna Servo Control

For an application such as weather radar and air traffic control, the antenna must be rotated to cover 360 degrees and must be tilted (move the antenna up and down) in order to cover the entire sky.  The element that rotates the antenna is called a servo that is a precision motor controller.  The servo accepts digital or analog commands from the control processor and converts the commands in analog control voltages to control the motor that turns the antenna.  In some applications, the antenna is tilted up and down to cover large volumes of space.  Most radar antennas (Doppler or non-Doppler) are covered by dome-like physical structures called a radome as shown in Figure 4. Radome’s are used to protect the antenna from the environment without destroying the transmitted or received signal.  Radome’s may be dome or igloo type structures.  Some scanning antenna like marine antennas are visible and can be seen as they rotate in a circle in order to cover 360 degrees.  As shown in Figure 23, some radar antennae include an azimuth drive for rotation and an elevation drive for tilt.  The size of these motors and drive sprockets are large compared to the antenna mounted in the nose cone of a fighter jet, but the principle is identical – the antenna must be positioned to cover an area of interest. 
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Figure 23.  SSEC Antenna (courtesy of Space Science and Engineering Center).

4.2.5 Electronically Scanned Array

As stated earlier, Solid State Phased Array Radar come in two types – passive like the ESA and active like the AESA.  The active electronically scanned array (AESA) was created in order to provide multiple functions (beams) simultaneously.  With several beams being transmitted and/or received simultaneously, only one antenna is required for multiple applications.  Massive ships like destroyers, frigates, and aircraft carriers with multiple antennas performing several tasks simultaneously can take advantage of the electronically scanned antenna.  Each function like, UHF radio, VHF radio, radar search, high-speed missile detect, and target tracking can all be accomplished simultaneously using one electronically scanned antenna (ESA).  Unlike the simple directional antenna with only one beam, the ESA can have a large number of beams – only limited to the power of the transmitted or received signal.  An example of a multiple beam ESA is shown in Figure 24.

The ESA is much more complicated in operation and does not make use of servo mechanical motor controllers.  The ESA requires pointing control from the control processor to point the beam in the correct position.

The ESA is defined as an array.  The array is broken down into segments.  Each segment is comprised of several phase shifters that shifts the electrical RF signal phase (steers the beam) of the electromagnetic wave/pulse being received and/or transmitted.  Each phase shifter, when commanded by the control processor, changes the phase of the transmitted energy or the received energy.  Within each segment, all phase shifters are commanded to point in the same desired position.  In the example in Figure 24, there are four beams.  Each beam can have more or less segments.  To increase the antenna’s gain, more segments are assigned to that particular beam.  Likewise, to increase the received signal strength, more segments can be used. 

The AESA antenna (future AESA antenna for Rafael and the Typhoon, Eurofighter) shown in Figure 25, contains 1000 to 2000 transmit/receive (T/R) modules configured in multiple T/R interface modules (TRIM). Each TRIM contains several T/R modules.  Each transmit/receive module in this antenna includes a radiator (antenna), transmitter, a receiver, and a scanning element.  Each T/R module converts electric energy to electromagnetic waves using its own monolithic microwave integrated circuits (MMIC) that are inside each T/R module. For each row of T/R, there is a power supply.  The AESA antenna shown in Figure 25, can be configured similar to the AESA antenna shown in Figure 24 through commands from the control processor.
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Figure 24.  Example of Electronically Scanned Antenna (ESA).
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Figure 25.  Active Electrically Scanned Antenna (AESA) (courtsey of Technology Focus).

The ESA offers another advantage over servo-scanned antennas.  ESA offers quicker response time.  It takes a fraction of time to point the ESA antenna versus the directional reflector using servos for positioning.  Speed is one of many reasons the military is now using the Patriot antenna as shown in Figure 26.  The Patriot radar uses several thousand T/R modules.
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Figure 26.  AESA Patriot Antenna (courtesy of US Army Technology).

4.2.6 Planar Array

Another type of antenna is the flat-faced planar array used in the AN/APG-65 radar for the F/A-18 aircraft as shown Figure 27.  The planar array does not utilize the feed horn like the dish antenna instead it uses what is called a ‘corporate feed’ to collect radiated energy from each slot on the face of the antenna as shown in Figure 28.  The planar array is used to increased angular resolution.
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Figure 27.  An/APG-65 with Planar Antenna (courtesy of Naval Technology).
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Figure 28.  Planar Array Corporate Feed (courtesy of Remcom).

4.3 Duplexer

[Skolnik, 1970] Duplexers allow the radar to transmit and receive using one antenna.  The use of one antenna is highly desirable for applications such as airborne fighters.  The transmitter and receiver must share the time it uses the antenna.  As shown in Figure 29, the duplexer is connected to the antenna, transmitter, and receiver.  The duplexer allows high-power RF from the transmitter to pass through to the antenna without allowing high-power to pass into the receiver.  Like wise, as RF is received from the antenna, it is passed along to the receiver without being coupled back into the transmitter.  Typical duplexers/couplers are shown in Figure 30.

One example of sharing the antenna in a pulse radar application is where the transmitter is pulsed on and off at a periodic rate of 1ms (milliseconds).  For each pulse, the transmitter is only active for 10us (microseconds).  This leaves 990us for the receiver to down convert incoming RF signals.  This process repeats unless the mode of the radar is stopped or changed.  



Figure 29.  Duplexer.
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Figure 30.  Duplexer Photo (courtesy of Microwave Devices).

4.4 Receivers

A radar receiver performs the following functions; 1) down-converts the incoming signal from the antenna to an intermediate RF frequency, 2) amplifies the signal, and 3) converts the amplified signal into digital signals for the video processor.  A basic radar receiver block diagram is shown in Figure 31.  More simply put, the receiver accepts RF signals and creates digital words that represent the strength of the input RF signal.   As the input signal is converted, small signals are represented as small amplitudes, likewise, when strong signals are received, the conversion process represents them as large amplitudes.

4.4.1 Mixers

  As shown in Figure 32, the down converter converts the incoming RF (radio frequency) frequencies into lower frequencies call IF (intermediate frequency) frequencies.  The conversion is possible by subtracting the incoming RF frequency (frf) with a local oscillator (frflo).  This subtraction process is made possible with the use of a mixer. One example is where we have a 10 GHz, X-Band radar signal (frf), as an input and a 100 MHz IF input (fif) to the analog-to-digital (ADC) converter.  The LO in this case would need to be 10 GHz (frf) – 100 MHz (fif) = 9.9 GHz (fo). 


Figure 31.  Basic Radar Receiver.


Figure 32.  Single Down Conversion Process.

Because of side effects caused by mixers, most receivers contain two down conversion processes as shown in Figure 33.  The main side effects that mixers create are harmonics of the input RF and the LO used to down convert the RF signal.  Harmonics can and do cause false targets because the video processor is unable to discern the difference.



Figure 33.  Dual Down Conversion Process.

4.4.2 Filtering

Filtering in the down conversion process is an important feature.  To keep unwanted signals out of the receiver, filters are added.  Prior to the mixer, a pre-select filter is added to allow the signal of interest to pass into the receiver while rejecting unwanted signals.  Consider an X-band radar operating at 10 GHz.  The pre-select filter on the receivers input would need to allow the 10 GHz signal to pass while filtering out the unwanted signals.  

This type of filter is called for a band-pass filter.   Following the mixer in either the single or dual down conversion process as shown in Figure 34, filters are added to eliminate the harmonics created by the mixer and by the LO.


Figure 34.  Down Conversion Filtering.

4.4.3 Amplification

Amplification is another important part of the receiver.  Signals received from long distances are weak.  The receiver must amplify these weak received signals.  The appropriate place for amplification in the receive chain is critical.  Amplification in the wrong location can cause amplification of unwanted harmonics.  Most receivers have the capability to operate in high signal strength areas while simultaneously trying to receive low signal strength signals.  In order to receive all signal level amplitudes, the receiver must have an automatic gain control (AGC) feature.   The automatic gain control feature automatically adjusts the gain of the receiver.  In low signal strength areas, the automatic gain control adjusts the amplification to high.  In the opposite condition, the automatic gain control feature adjusts the gain way down in high signal strength areas.  As shown in Figure 35, the receiver has an amplifier in the front end to amplify all signals.  The receiver also contains an amplifier and an attenuator after the filter on the first down conversion process.  This attenuator is used to attenuate (lower) the received signal prior to the final stage of the down conversion process.  The amplifier is used to increase the signal if the signal is still too weak while the attenuator is set to zero.


Figure 35.  Automatic Gain Control Feature.

4.4.4 Analog to Digital Converter (ADC)

The final major part of the receiver is the ADC.  The ADC receives the IF signal from the last filter in the down conversion process and converts it to digital signals for the video processor or words for the digital processor.  There are several types of ADCs available today.   The ADC examines the level of the analog (IF) input to estimate the voltage level, compares it preset voltage levels, and outputs a digital word.

4.4.5 I and Q Outputs

Radar receivers can operate in either a non-coherent mode or a coherent mode.   For non-coherent systems, the transmitter and receiver are not synchronized in phase.  For coherent radar systems, the transmitter and receiver synchronized in phase.

The receiver can generate several outputs where the outputs are dependant upon the radars requirements.  The magnitude and log data as shown below are used for periscope detection, navigation, weather, and search and rescue modes where the coherent detector is used to support ISAR, SAR, and GMTI modes.  The I/Q data received from the receiver can be represented in several different ways such as:

· I/Q data from a synchronous coherent detector 

· Magnitude data from a square law detector - 
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· Log data from a log detector - 
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As described above, to support ISAR, SAR, and GMTI, the receiver must be a synchronous detector producing two separate outputs – one in-phase (I) and one quadrature phase (Q).  As shown in Figure 36, the receiver outputs two separate digital words to the video processor.  In order to accomplish the generation of the I and Q signals in the receiver, the receiver must replicate the last down conversion process by adding one additional mixer, another filter and an ADC.  The first mixer uses the same frequency as the second mixer, but the frequency is 90 degrees out-of-phase.   


Figure 36.  Example of an Advanced Radar Receiver.

4.5 Exciter

As shown in Figure 37, the exciter provides the reference local oscillator for the radar system, the up-converter local oscillators, down-converter local oscillators, and the waveforms that are sent to the transmitter for amplification.  In most radar systems, the reference oscillator provides the single point of reference.  


Figure 37.  Basic Exciter Block Diagram.

4.5.1 Local Oscillator 

Local oscillators must be extremely stable because small changes in frequency decrease detection capabilities (in both range and azimuth) and causes smearing in ground mapping images.  For airborne applications, vibration plays a large role.  As an oscillator is vibrated, its frequency changes.  Oscillators must be designed to withstand vibration effects due to prop and jet engines with negligible effects on the frequency.  Frequency is also impacted by temperature.  As an oscillator goes through its warm up process and/or temperature variations, the frequency changes.  To compensate for temperature variation, radars use heated or oven controlled oscillators.  By the time, the radar has been turned on and ready to be used, the oven-controlled oscillator has warmed up and has reached its ‘sweet spot’ where variation in frequency is negligible.

4.5.2 Up/Down Conversion

As shown in Figure 38, the exciter supports both the down-conversion (subtract) process done in the receiver and the up-conversion (add) process done in the exciter.  In either process, multipliers (denoted by the X) must be used to increase the frequency of the stable local oscillator (STALO) in order to reach the frequency of the 1st LO (RF LO) and the 2nd LO (IF LO).  


Figure 38.  Exciter Multipliers.

As discussed earlier in the receiver section, each time a mixer is used to up-convert or down-convert, unwanted harmonics are introduced.  These unwanted harmonics must be filtered out.  In the filter and mixing processes, the gain of the signal has been attenuated and must be amplified.   In the case of the up-converted waveform for transmission, the gain is calculated and can be set using fixed amplifiers.  In the receiver as discussed earlier, the gain must be adjusted automatically to keep the input to the ADC at the maximum value prior to saturation.  With automatic gain control, the receiver is able to operate at its peak performance. 

4.5.3 Waveform Generator

The waveform generator provides waveforms for transmission.  The waveforms selected for a radar system depend upon its application for use.  Table 2 lists three most common waveform types among radars today.

Table 2.  Waveform Types.
For the simple pulse, the exciter generates a continuous sinusoidal wave and sends it to the transmitter.  The transmitter pulses the sine wave when pulsed by the radar control function.  For the linear FM waveform, the sinusoidal waveform is chirped during the transmit pulse.  As shown in Figure 39, the waveform is named chirp since it starts out as a low frequency sine wave and ends up as a high frequency sine wave by the end of the transmit pulse – if converted into sound, it would chirp.     
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Figure 39.  Linear FM Chirp Waveform (courtesy of Murray Greenman).
4.6 Transmitters

4.6.1 Radar Equation

To improve the radars capability to detect targets at greater distances, more transmitted power is required.  [Skolnik, 1980] By examining the simplified radar range equation as shown in Equation 1, power plays a significant role in range detection.  Rmax defines the maximum distance a target must be away from a target to avoid detection, i.e., the maximum range at which the radar can detect a target – the two are interchangeable.  The constant values such as antenna gain, the antenna effective aperture, the radar cross-section of the target (how much energy is reflected/scattered), and the receiver’s minimum detectable signal threshold also play significant roles, but have a smaller impact.   
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where 
Pt = transmitter power in watts


G = antenna gain


Ae = antenna effective aperture area, m2


( = radar cross section of the target, m2


Smin = minimum detectable target signal, watts

Equation 1.  Simplified Radar Range Equation.

4.6.2 Radar Cross Section

[Pozar, 1990] A radar target is characterized by its radar cross section, which gives the ratio of scattered power to incident power density.  Table 3 lists a few targets and their associated radar cross- section values.  The table shows larger targets have greater cross section values.  Large cross section values provide increased radar detection range.  It is easy to see why our military spent millions to develop the stealth fighter and bomber – decrease the radar cross-section value in order to become undetectable.  

Table 3.  Typical Radar Cross Section Values (courtsey of Pozar).
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4.6.3 Magnetron

In early days of radar, the transmitter was no more than a large amplifier connected to an oscillator on one end and an antenna on the other end.  The range at which targets could be detected was extremely limited because the amplifiers available were unable to generate the necessary power for longer distances.  Due to limited range capability, radar was originally shunned as a technology not ready for application.  In the late thirties and early forty’s, the magnetron was developed.  The magnetron is capable of producing high-power magnetic waves.  The magnetron is still being used today in several applications such as microwave ovens.  A cross-sectional view of a magnetron is shown in Figure 40.  The magnetron produces a high-power electromagnetic wave using magnetic fields and high direct current inputs.  Electrons move from one direct current potential (anode) to the other direct current potential (cathode), shown in A of Figure 41.  As the electrons move from one node to another, they pass through a magnetic field created by large magnets on either side of the tube, shown in B of Figure 41.  As the electrons pass through the electronic field on their way to the anode, the path of the electrons are diverted (curved) by the magnetic field, shown in C of Figure 41.  The cavity of the magnetron tube appears to “collect” the electronics as they rotate in a circle about the center, shown as D in Figure 41.  While rotating about the middle of the magnetron tube as shown in Figure 42, the electrons pass each of the sub-cavities in the magnetron.  As the electrons rotate past each sub-cavity, they oscillate and act as resonators.  One of the sub-cavities of the magnetron cavity is selected as the antenna port. 
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Figure 40.  Sectional View of a Typical Magnetron (courtesy of Michael Wagner).
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Figure 41.  Electron Motion in a Magnetron (courtesy of Michael Wagner).
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Figure 42.  Antenna Port Connection to Magnetron Tube (courtesy of Michael Wagner).

4.6.4 Traveling Wave Tube

The next great invention in transmitters was the gridded traveling wave tube (TWT).  The TWTs pictured in Figure 43 show current market offerings.  [Stimson, 1983] The TWT produces higher power outputs with gains reaching 10 million with efficiencies of up to 50%.  The TWT also brought quicker response time to turn on and off; coherence (repeatability) from one transmitted pulse to another transmitted pulse, and precise control of the radio frequency.  Rmax, the maximum range at which a target can be detected, increases dramatically.

Unlike the magnetron tube that accepts pulsating DC currents from the modulator, the traveling wave tube (TWT) receives a low-level RF signal from the exciter.  As shown in Figure 44, the typical TWT consists of long tube with a cathode at one end and a collector at the other end.  [Stimson, 1983] The cathode and collector produce a large electron beam through the center of the TWT.  The helix coil is used to guide the signal from one end to the other as it is amplified.  The collector at the end of the tube collects unused electrons.  The unused electrons are recycled and used by the DC power supply.  The magnets that surround the tube keep the electrons focused in the center of the tube.  The signal is first introduced at the RF input.  The signal then travels down the helix coil towards the collector.  As the signal travels through the helix, it creates a sinusoidal electric field that travels down the center of the beam.  [Stimson, 1983] The electrons on their way from the cathode to the collector speed up and slow down depending upon their charge (speed up for positive and slow down for negative).  Pockets of positive and negative electrons form along the tube in the nulls (areas between pockets of positive electrons and negative electrons).  The charged pockets of electrons amplify the signal as they make their way to the collector.  The length of the helix drives the gain – the longer the helix, the higher the gain.  At the end of the helix coil, the sinusoidal signal is coupled into a wave-guide port that connects to the antenna.
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Figure 43.  TWT Photo (courtesy of Abex).
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Figure 44.  Sectional View of a Typical TWT (courtesy of Lycos).

4.6.5 Transmitter Unit

As shown in Figure 45, the typical transmitter is made up of four major components; 1) the input power converter, 2) the high voltage converter, 3) the grid modulator, and 4) the TWT for amplification.  The input power converter converts standard 115-volt alternating current (AC) (60 cycle-single phase or 400 cycle-3 phase) power to a high voltage direct current (DC) signal.  The high voltage converter converts the high voltage DC signal from the input power converter into higher DC voltages like –35,000 volts for the cathode and –20,000 volts for the collector through several amplification stages.  The grid modulator accepts the transmit gate signal from the exciter and uses it to enable the grid voltages (switches them on and off with the transmit gate) when the transmit gate is active.  


Figure 45.  Typical Transmitter Block Diagram.

4.7 Radar Control Processor

As shown in Figure 46, the radar control processor is the central command station of the radar.  It receives commands from the host (processor that control the radar) and provides status back to the host upon request.  The radar control processor is usually a general-purpose processor (single board computer).  

For each of the received commands, the control processor must orchestrate the radar to operate correctly.    The control processor also coordinates the designation and tracking of targets with the operator – the operator is only required to position the cursor over the target and activate for initiation.  In some cases, the general purpose processor is used to host the target tracking and navigation algorithms in support of those functions.  Finally, the radar control processor continuously monitors the health and operation of the system and notifies the operator via the display of problems.  In the following sub-sections, each units interface is addressed. 


The radar control processor, as shown in Figure 47, consists of a signal board computer (general purpose processor) and an interface card.  The signal board computer is used to accept commands and provide status to the host computer/processor.  The interface card is used to provide an interface to each of the radars units.


Figure 46.  Radar Control Processor Interfaces.


Figure 47.  Radar Control Processor.

4.7.1 Transmitter Interface

The transmitter usually has the least control as compared to other units of the radar.  As shown in Figure 48, the control processor must be able to enable or disable the transmitter for maintenance in order to preserve a good measure of safety.  In addition, the control processor must know when there is an error in the system. Finally, the transmitter must notify the control processor when it is warmed up and ready to operate.  The transmitter (grid of the TWT) requires time to warm up.   The warm up time from a cold start may take up to 5 minutes. 

4.7.2 Receiver Interface

As shown in Figure 49, the receiver has more interface control signals than the transmitter.  The operator may also want to increase the receiver gain via the radar control processor to better assess the targets on the display – this feature overrides the automatic gain control functionality of the receiver.  The radar control processor must inform the receiver of how fast the system is running – pulse repetition frequency (PRF).  The receiver uses the PRF rate to determine how long to process the incoming pulse. Finally, like all the other units of the radar system, the receiver notifies the radar control processor when there is a failure. 


Figure 48.  Transmitter Interface.


Figure 49.  Receiver Interface.

4.7.3 Exciter Interface

The interfaces for the exciter are shown in Figure 50.  The exciter is commanded to select a preprogrammed waveform by the control processor such as linear FM for SAR mode or Barker Code for Search and Rescue.  Once the command is received, the exciter selects the preprogrammed waveform and starts its up-conversion.  In addition, the control processor is able to disable the exciter’s RF to the transmitter with the RF disable command – one use for this command is during maintenance for safety.   Some receivers have two different local oscillators in order to process different frequencies so, the control processor can command the exciter to output different local oscillators to the receiver.  Finally, like all of the other units in the radar, the exciter notifies the control processor when it detects a failure.


Figure 50.  Exciter Interface.

4.7.4 Video Processor Interface

The video processor is where all of the incoming digitized video from the receiver is processed and sent to the display for evaluation by the operator(s).  As shown in Figure 51, the video processor must receive a mode command from the control processor to determine what processing is to be done in the video processor.  In some cases, the operator may want to control the threshold (noise versus target) within the receiver via the radar control processor.  In addition, the operator may want to adjust the false alarm rate allowing more or less targets to be processed.  As the false alarm rate is decreased, the receivers threshold for detecting targets in lowered which in turn allows more targets to be sent to the display.  In addition, the video processor is responsible for tracking of all designated targets via the control processor.  


Figure 51.  Video Processor Interface.

Finally, the video processor is responsible for all of the graphical overlays that are sent to the display.  Some of the overlays discussed later are inserted automatically based upon mode selected where other overlays are created and controlled by the control processor.  The overlay control shown in the figure is used to provide a means for the control processor to insert overlays and control the overlays.

4.8 Video Processor

The video processor is responsible for accepting digitized data from the receiver, processing the digitized data, and sending it to the display for the operator to evaluate.  This section will discuss the main processing functions within the video processor.  There are two main processing paths with the video processor – a non-coherent path for processing modes not requiring frequency information such as weather and search and rescue and a coherent processing path for modes such as SAR and GMTI that are dependant on frequency content.

The video processor block diagram shown in Figure 52 shows two processing paths connected to the input memory.  The I/Q data received from the receiver can be represented in several different ways such as:

· I/Q data from a synchronous coherent detector 

· Magnitude data from a square law detector - 
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· Log data from a log detector - 
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These three outputs from the receiver (inputs to the Video Processor) support all of the radar modes discussed in this paper.  The magnitude and log data are used for periscope detection, navigation, weather, and search and rescue modes.  The coherent detector is used to support ISAR, SAR, and GMTI modes.

The input memory acts like as a buffer to ensure no data samples are lost during processing.  For modes like periscope, navigation, weather and search and rescue, the incoming data stream is processed by a PPI threshold and detection circuit. The threshold and detection circuit must determine if the received sample meets a programmed threshold and integrates it with the value from the previous value.  Following detection, the scan converter converts the input data stream from polar coordinates to X,Y for the display using a simple equation -  
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 where r is the detected magnitude of the sample and (  is the antenna position in azimuth.

Figure 52.  Video Processor Block Diagram.

For modes like ISAR, SAR, and GMTI the data is first processed in Doppler filter banks to calculate the frequency of each sample.  Once the frequency content for each sample is known (range and cross range) for a given patch on the ground, the coherent threshold and detection circuitry calculates the magnitude of the frequencies and passes them along to the scan converter.  The scan converter is not required to convert the data since the Doppler processing creates a ground map in X,Y format.

For some modes like navigation, the radar has the capability to track targets as they progress across the PPI display.  As the target crosses the display, the radar connects the new location with the old location thus showing a trail of where the target was and which way it is heading.  The tracker receives samples that exceeded the threshold defined in the detection circuitry.  The threshold crossings are sent to a Kalman filter to estimate range-rate to obtain velocity and angle measurements.  Even though a single target can be tracked, most radars use a tracker that has a mode called track-while-scan (TWS).  The TWS mode is used to detect and track multiple targets simultaneously.  If tracking multiple targets, the tracker must have multiple Kalman filters all executing simultaneously and a single control function that coordinates all targets. 

The overlay generator is responsible for generating all of the overlays seen on the operators display.  Overlays for the most part are used to aid the operator in his assessment of the situation.  A good example of graphical overlays would include:

1. Navigation/Weather/Search & Rescue 

· Range Rings as shown in the display section of this report

· Heading marking depicting aircraft direction

· Tracking Symbols (refer to Figure 53)

2. SAR/GMTI

· Aircraft Latitude/Longitude

· Aircraft Heading

· Altitude

· Ground Speed

· Cursor Latitude/Longitude

· Resolution

· Scene Geometry


Figure 53.  TWS Overlay Symbols Laid Over PPI Display (courtesy of AN/APS-137).

4.9 Display

The display is a key part of the radar system.  The display is where the operator evaluates radar imagery and processing capabilities.  There are several different types of radar displays available today.  The most common displays from the 50’s to the 90’s were Cathode Ray Tubes (CRT) – the same type of display used in television.  The output of the video processor for the CRT is an analog signal that is modulated (added to) on horizontal and vertical timing pulses.  Today, many CRTs for radars and home use are being replaced by plasma or liquid crystal displays (LCD) like the ones shown in the cockpit of the fighter shown in Figure 54.  For these types of displays, the output of the video processor to the LCD is digital that is similar to the connection made from your PC to its monitor. 

The information being displayed depends upon the application the radar is intended.  The following subsections illustrate and describe the most common displays used today.  
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Figure 54.  Cockpit Using LCDs (courtesy Northrop Grumman).

4.9.1 Planned Position Indicator Display

For search and rescue, weather, and ocean surveillance, the most common display is the PPI (Planned Position Indicator).  The PPI display as shown in Figure 55, targets (dark spots) are displayed on a polar plot centered on the radars location.  To discern range, range rings are generated and display in concentric circles about the center.  The targets displayed in the PPI display can be aircraft, ships, weather, etc.  The operator can quickly identify how far away (range) and what bearing the target is away from the radar.


Figure 55.  PPI Display.

Typical weather radar displays as shown in Figure 56 and presented on local news channels utilize a PPI display.  The weather display gives the viewer a quick sense of where severe weather is located because the video processor generated overlays indicating key points of interest such as towns and highways.  Airport surveillance radars utilize the PPI screen as well for air-traffic control to track location and altitude of incoming and outgoing flights.  

In Figure 57, the radar has enabled the track-while-scan (TWS) function.  The TWS processing has annotated each target with a rectangular box.  It is not at all uncommon to see hundreds of return echoed signals in harbor ports.  The TWS function eliminates all non-targets through its processing and displays targets.  
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Figure 56.  Typical Weather Radar PPI Display (courtesy NEXRAD Radar).


Figure 57.  PPI Display with TWS Enabled (courtesy AN/APS-137).

4.9.2 A-Scan Display

[Stimson, 1983] A-Scan displays, or an amplitude scan, plot the receiver output versus range on a horizontal line.  The A-Scan display is not used too often because it does not offer azimuth (bearing) information. A typical A-Scan display is shown in Figure 58.

4.9.3 B-Scan Display

The B-Scan display as shown in Figure 59 is used to display the same content as the PPI display except the display is arranged as range versus azimuth as opposed to polar.  A B-Scan display allows navigation operators more accurate azimuth resolution.  In some applications, operators prefer to use both PPI and B-Scan displays simultaneously as shown in Figure 60.  


Figure 58.  A-Scan Display.


Figure 59.  B-Scan Display.


Figure 60.  PPI Display with B-Scan Window (courtesy AN/APS-137).

In this display, the operator is using the B-Scan display window to initiate targets manually for targeting or tracking purposes.

4.9.4 C-Scan Display

C-Scan displays, or elevation scan, are mainly used for terrain following applications.  To avoid radar detection from surface-to-air missile batteries, military aircraft must be able to fly “below the radars detection horizon” to avoid detection.  To protect pilots from running into the ground or into a mountain, the terrain following radar was developed.  A typical C-Scan display is shown in Figure 61.

4.9.5 Ground Map

A ground map is usually used to display a given area (patch) on the ground.  The patch is displayed in range versus cross range as shown Figure 62.  The most common usage of the patch display is used by radar modes called SAR (Synthetic Aperture Radar).  Radar SAR modes are used by satellites and military aircraft as shown in Figure 63 to map a given area on the ground.


Figure 61.  C-Scan Display.


[image: image35.png]



Figure 62.  Patch Display of San Fernando Valley, California.
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Figure 63.  Typical SAR Image (courtesy of AN/APS-137).

4.9.6 ISAR Imagery

ISAR imagery unlike SAR depends upon on the motion (pitch, roll, yaw) of the target in order to create a display.  Figure 64, shows a perfect example of an ISAR display.  The photo on the left shows a taker being refueled by fuel barge.  The ISAR image on the right shows the same two ships.  The high intensity (bright white) pixels denote strong returns while low intensity pixels denote very weak returns. 


Figure 64.  Typical ISAR Display (courtesy of AN/APS-137).

CHAPTER V                                                                                                                                                                                  CURRENT AND FUTURE STATE OF RADAR

Radar systems will continue to shrink in size while increasing in capability due to the demand for improved radar systems.  Our military armed forces create the largest demand.  Unmanned air vehicles (UAV) are the wave of the future in an effort to keep our soldiers out of harms way.  UAVs will be required to stay on station (loiter around area of interest) longer and carry the same operational features as our most advanced aircraft.  In addition to UAVs, the government will demand more performance and more capabilities in their current satellite systems such as spy satellites, GPS satellites, and weather satellites.  Our civilian needs are great as well.  Improvements are required for early detection of severe weather and improved air traffic control.  As new technologies are introduced, radar upgrades must be made to take advantage.  

Radar will improve as new techniques are discovered, current technologies are improved, and new technologies are created.   These items will have the most impact on the five major radar components:

· Antenna

· Receiver

· Transmitter

· Video Processor

· Control Processor

As more and more functions such as satellite TV, GPS signals, telephone, wireless Internet, etc are coming to the home, the need for a signal point antenna is going to be required.  Current technology and cost prohibit these from becoming a reality.  Without a single point antenna, the roof would like a sea of antennas.  As time goes on, more and more radar systems will be comprised of AESA antennas.  In order to support this evolutionary process, the cost and manufacturability of T/R modules must decrease to level that is affordable to the average citizen.  In addition, the radiated power levels must increase to yield an effective operating range.

Receivers may be eliminated altogether with advent of direct digital down conversion. The point at which the analog signal is converted to digital has been on a slow path towards the antenna for some time.  It was not long ago when most of the radar was analog.  As time went on, the receiver has become smaller and smaller.  If the receiver were eliminated altogether, this would eliminate the need for single or dual down conversion stages currently employed in most radar.  In order for this to materialize, the speed of the ADC devices must grow dramatically – 100 fold.  Current state of the art ADC devices approach 3 GSPS (samples per second).  In addition, video processors must be capable of receiving and processing 10 to 100 times more samples.

New technologies must be invented to improve the transmitter.  As it stands today, it takes a lot of source power to create the desired effective radiated power (ERP) at the antenna.  To reduce the source power while increasing or maintaining the ERP of the radar will require new technologies.  New ways to excite and amplify electrons must be developed. In addition, new ways to cool transmitters must be developed.  Current TWTs that produce an average power of 250 Watts, must used a large fan blowing directly across the tube in order to keep it cool.    

Today’s video processors utilize multiple Power PC devices from Motorola such as those found in Apple Desktop Computers for general purpose processing and digital signal processing (DSP) devices from Texas Instruments for digital signal processing.  As these devices continue to improve in speed and features, more radar modes/techniques can be employed to enhance the radar.  Just in the last few years, the quantity of devices and surrounding hardware has decreased 4:1 while improving performance.  [ACM 2000]  In 10 to 20 years, processors running quantum-computing algorithms should see immense improvements.  Instead of operating in a single state space, the quantum-computing algorithm makes use of all four states spaces allowing multiple operating simultaneously.

  Control processors utilize Power PCs made by Motorola with specialized I/O such as Fibre Channel, Ethernet, Infiniband, VME, etc.  The future state of this component will follow the video processor in regards to the processor and will follow the industry in regards to control interfaces discussed above.
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