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The world’s air traffic control systems depend on the ability to clearly and uniquely identify aircraft. They use radar (surveillance) systems as the means to track the position of aircraft and also to uniquely identify them. Surveillance radar was instituted as part of the National Airspace System (NAS) for the purpose of providing a means of positive identification of an aircraft and its altitude in the air traffic control system. It requires extensive ground installations as well as a complementary receiver/transmitter in the aircraft.

This paper proposes an alternate method to track aircraft with a positive electronic confirmation that can be utilized by the air traffic control system. The approach is new and modern and has never before been applied to aircraft.

Introduction:

In July of 1999, NASA Langley Research Center held a planning conference for the Small Aircraft Transportation System (SATS). (SATS is a new transportation concept being proposed by NASA in which small aircraft (nominally 6 seats) would be used to fly to/from the 5400 small airports not currently being utilized for reliable transportation by the public.)

Government and industry participants divided into groups of personal expertise and interest. One group was the Communication, Navigation and Surveillance (CNS) Group. During this session, it was envisioned that in order for the SATS concept to be implemented, a significant broadband radio frequency (RF) connection would be required to the aircraft. This RF connection would need to be maintained over all phases of flight. It would carry all communications, navigation and surveillance data over a single, wide bandwidth channel, (The current approach is that all communications, navigation and surveillance functions are provided separately over individual radios and frequencies.) The SATS CNS vision was to integrate these functions into a single RF system. During this discussion, an analogy was made between aircraft and remote computer connections to networks, in which broadband technologies were prominently growing in number. With so much data envisioned being sent to the SATS aircraft, and a broadband solution seeming to be necessary, why couldn’t the aircraft be considered in a similar fashion to any other network device? Out of the discussion came the term “NAS Net” which was short for National Airspace System Network. When the plenary session of the SATS Planning Conference was briefed on the results of the CNS Group, the concept was described with an easier to understand term:  “airborne internet”.

A key to implementing SATS is a robust and extremely reliable automated communications system. The system must be capable of passing large amounts of data between aircraft and ground systems as well as between neighboring aircraft in a reliable manner. NASA and the FAA have been pursuing a key enabling technology area: Airborne Internet.

The NAS:

In the United States, the National Airspace System (NAS) is comprised of the air traffic control (ATC) system and all the elements that it utilizes to ensure safety of flight for nearly 6,500 aircraft simultaneously. The NAS operates continuously and reliably. Portions of it have had outages, but never the entire system. That’s because the NAS is a “system of systems” in a similar way that the Internet is a “network of networks.”

The NAS includes more than 18,300 airports, 21 air route traffic control centers (ARTCC), 197 terminal radar approach control (TRACON) facilities, over 460 airport traffic control towers (ATCT) and 75 flight service stations, and approximately 4,500 air navigation facilities. Several thousand pieces of maintainable equipment including radar, communications switches, ground-based navigation aids, computer displays, and radios are used in NAS operations. NAS components represent billions of dollars in investments by the Government. Additionally, the aviation industry has invested significantly in ground facilities and avionics systems designed to use the NAS.

The NAS relies on the FAA's 48,000 employees to provide air traffic control, flight service, security, field maintenance, certification, system acquisition, and other essential services. On the user side, there are more than 616,000 active pilots operating over 280,000 commercial, regional, general aviation, and military aircraft.
Keeping Track

The NAS consists of complex computer systems and data bases that contain aircraft flight data prior to and during flight. Aircraft flight is tracked by the ATC system after it assigns a unique 4-digit code to each aircraft that will be using ATC services (such as traffic separation).

The NAS depends on its ground radar systems, called “surveillance” radars, to track aircraft. The ground system transmits on one frequency (1030Mhz) from a rotating antenna. The antenna rotates about once every 5 seconds for short-range (terminal) systems.

Aircraft are equipped with a combination receiver/transmitter (transponder) that receives on 1030Mhz but replies on 1090Mhz. The 4-digit code (assigned by ATC) is manually entered into the transponder by the pilot, similar to the tuning of a radio station in a car. When the aircraft’s transponder receives an “interrogation” from the ground radar, it “responds”. The transponder is usually connected to the aircraft’s altimeter, and the replies include both the altitude and the 4-digit transponder code assigned to the aircraft by ATC. (Actually, the replies alternate with altitude and 4-digit transponder code). This data is “enhanced” an presented at the ATC controller’s display as aircraft position, ID, altitude and speed.

When the ground radar receives the aircraft’s reply, it processes the information and mathematically determines the distance (range) and angle (azimuth) from the radar. That information is tagged to the transponder code and is passed along to the ATC computers that drive the displays used by the air traffic controllers.

Out of Range

Now examine what happens when an aircraft is beyond range of the surveillance radar system. This could occur by being below the horizon (elevation) of coverage of the radar or by being out of the range distance that the radar can cover. In both situations, the aircraft is referred to as “out of radar coverage.”

Basically,  the ATC system cannot track and maintain ATC services on an aircraft that is out of radar coverage. How could it be expected to? There are significant geographic regions in the continental United States in which there is no radar coverage at all. In the less populated areas of the mid-west and northwest, there are many miles of airspace without radar coverage.

When an aircraft is flown in an area not covered by ATC surveillance radar, the pilot is required to set the transponder to the 4-digit transponder code of 1200. The number 1200 signifies a visual flight rules (VFR) operating aircraft that is not under air traffic control. Should one of these aircraft come within radar coverage range, the ATC display would show them as “1200” and the controller would know that he does not have the same responsibility for that aircraft as he does for the others. Similarly, when an aircraft is under ATC responsibility, if he elects to terminate ATC services, he will be asked to change his transponder “squawk” to 1200. This could occur in instrument flight rules (IFR) operations in which an aircraft obtains visual sighting of his destination airport and the weather is clear enough for the pilot to land visually.

The NAS has a LOT of radars…

As might be expected, it takes a lot of radars to provide the coverage necessary to track aircraft. Even though not all aircraft are tracked, densely populated regions of the country in which there are significant and frequent aircraft operations must be thoroughly covered. In addition, there are two basic types of surveillance radar: terminal (short-range, 20 miles or so) and enroute (higher altitudes and longer ranges than terminal). The NAS currently operates approximately 400 surveillance radars at an operational, yearly cost of  (??? to be supplied). This does not include the total cost of procurement, testing, and installation. Military also operates surveillance radar systems that are interfaced to the NAS and help support the tracking of civilian aircraft. U.S. military surveillance systems provide approximately 25% of the surveillance services to the NAS.

Radar Modernization:

The surveillance radar system in the NAS is undergoing modernization to add digital capability. The basic foundation of the surveillance technology is still analog, dating back to a time prior to the advent of satellite based navigation systems, such as Global Positioning System (GPS). Even with the modernization of the surveillance radar system, aircraft will continue to rely on the use of its (old technology) transponder. A systems engineering analysis of this modernization effort might lead to the conclusion that it is a lot of effort to modernize a very old and basic technology. Its true that the current system does work adequately, but as more and more aircraft are flying in more and more congested airspace, one could consider whether another approach should be considered. Sometimes overhauling old systems do not yield future results that are satisfactory.

What if…..
Suppose there is a way to provide the same tracking function to the ATC system without using surveillance radar. If the basic requirement of the ATC system is to positively know the location, altitude and speed of aircraft, then combining several readily available technologies can meet this requirement without using surveillance radar. And suppose it could be done more reliably and more accurately. That would be a good thing. But suppose it could be done cheaper and more economically both for the aircraft operators and the operators of the ground ATC system. That would be a very good thing. Suppose many, many more aircraft could be covered than today. ATC services could potentially be provided to thousands of geographic areas and communities not presently receiving that benefit. Think of the potential economic expansion that rural communities could experience. Medical services could be flown in more reliably in all weather. That would be a very, very good thing.

More than a dot on the horizon
One way to view the current method of tracking and separating aircraft is to consider it in the same manner as the computer networks many of us use at work and at home are viewed. Computers are assigned a unique IP address. Aircraft are assigned unique 4-digit transponder codes. Computers can join larger networks in either a public or a private session. Aircraft are joined to a large computer network in a private session, called the NAS. Through the use of IP, computers can communicate with other computers even though many miles separate them. Aircraft could become more than a dot on the horizon as we watch them fly over the countryside. They could actually become a node on an infinitely useful network of information and application programs. All that is needed is to ensure they remain connected to the network.

Conclusion:

If aircraft utilized IP as network computers do, functions in the cockpit could be enabled not currently being provided. It could open up a whole new set of operating capabilities, safety and efficiency for tomorrow’s aviation industry.  The functions provided today that require the use of multiple on-board systems could be reduced to two simple systems. 

First, a rigorous and dependable method to maintain the airplane’s connection to the ground based IP network is needed. This function is feasible using a combination of VHF radio (as is used for today’s aircraft communications) and an alternate, backup communication method. For aircraft that fly in sparsely populated areas that are beyond VHF coverage of the existing NAS infrastructure, or for any aircraft that might lose VHF coverage (even temporarily), a satellite communication system could be employed. Satellite communication is currently being used for trans-oceanic flight today in which aircraft are clearly beyond range of the VHF radio system in the NAS.

Second, a means of accurately determining an aircraft’s position is required. Current technology in GPS receivers provides position information reliably and accurately. WAAS and LAAS are aviation systems that utilize GPS and provide error correction to allow aircraft the accuracy needed for navigation and landing. 

By combining the GPS provided position information of any moving aircraft (or other vehicle) with reliable mobile network connectivity, the aircraft’s position could be constantly reported to the ground network for processing. Further, this data could be intelligently parsed to provide position and tracking information back to aircraft so its flight crew could be aware of other aircraft movement in its proximity.


A more in depth look at the AI solution

Airborne Internet is a Basic Capability

The term “airborne internet” (AI) conjures up thoughts of aircraft pilots surfing the Internet checking their stock portfolios. The concept, however, is more specific and is not intended for such recreational uses of the Internet. Rather, the AI concept embodies simple network theory and application. It merely applies them to a mobile, non-stationary network user: the aircraft. Similarly, the concept could be applied to any transportation system that has a similar ground infrastructure and tracking requirement. 

The Airborne Internet architecture will leverage open standards and protocols for a client-server network system architecture that are being developed by the telecommunications industry for increased bandwidth for mobile applications. A demonstration of integrated services using a satellite-terrestrial hybrid communications architecture will benchmark the capability, efficiency, and safety of a digital airspace infrastructure. This infrastructure development will be the maturing of the Airborne Internet to enable the full SATS vision. Figure 1 below depicts the Airborne Internet conceptual operation.
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Figure 1: SATS Airborne Internet Conceptual Operation

The “VDL Mode SATS” radios are VHF Data Link radios that use a time sharing scheme (STDMA) that is based on a self-organizing technique. All radios use the same frequency. By self organizing, each user evaluates the network traffic and assigns itself available time slots. This radio system also uses an algorithm to deal with the situation in which all the time slots are nearly used up. It provides a way for two users to share the same time slot. 

In the airborne internet architecture, each aircraft is a part of the peer-to-peer network. There is no requirement for a central “server”. This approach is the same as computers networked together on a Local Area Network (LAN) in which each is using the same protocols and configured to communicate with each other. In peer-to-peer situations, there is no need to “log in” to a centralized server. In the centralized server approach, users must log in and be authenticated before they can use network resources. In a peer-to-peer network, all resources are available to each user of the network (based on the permissions assigned to the user and the resource). As an example, a commonly used peer-to-peer approach is used with “Instant Messaging” programs in which two users can open a text session between them. Other functionality can be added to that session, such as file transfer.

Airborne Internet Proof of Concept Test Bed:

Under the initial direction and contract tasking of NASA, an airborne internet proof of concept demonstration test bed has been constructed. The construction of this test bed was to prove and demonstrate the thesis that aircraft could communicate effectively and efficiently using the airborne internet operational architecture.

The first test bed represented five aircraft, a ground station and a controller station. Aircraft N382 and N384 have similar configurations. Aircraft N382 and N384 consists of a workstation running the Controller Pilot Data Link Communications (CPDLC) and peer-to-peer applications. Each aircraft’s second workstation acts as the AI router as well as running the Automatic Dependent Surveillance - Broadcast (ADS-B), Flight Information Services - Broadcast (FIS-B) weather and e-mail applications. The AI router is connected to the VDL Mode SATS radio. The other three aircraft are emulated by a single workstation. This initial test bed was constructed at a contractor’s office suite in Springfield, VA. There were no special building or laboratory requirements needed to build the test bed. Figure 2 shows a diagram of the test bed, its components, and the aircraft each component represents or is associated with.
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Figure 2: The First Airborne Internet Proof of Concept Test Bed

The workstation acting as the ground station is the AI router in addition to running applications to support ADS-B, weather and e-mail. This router workstation is connected to the Internet as well as to a ground LAN and to the VDL Mode SATS radio. The Controller Pilot Data Link Communication (CPDLC) ground controller and the peer-to-peer workstations are connected to the ground LAN. 

The web enabled status monitor (located at the Network Operations Center (NOC) in another city) remotely monitors the status of the routers and the radios. A workstation with web browser located in the Springfield facility is used to get the monitor information from the Network Operations Center.

The test bed has demonstrated the following capabilities:

· Demonstrate aircraft-to-aircraft communications. A broadcast capability can be achieved using Automatic Dependent Surveillance – Broadcast (ADS-B) and Trajectory Change Point (TCP). ADS-B is a system by which each aircraft’s surveillance transponder is used to broadcast to the other aircraft in the vicinity its position data. ADS-B has also been used to provide the same information to the ground air traffic control system. By using ADS-B, a pilot is provided with the information needed to understand his own “situational awareness” by viewing his own aircraft in the context of those surrounding him. Ships and boats have had  similar “situational awareness” by using shipboard radar in which they can view other vessels (and objects) around them.

· Ground broadcast Surveillance information service. Traffic Information Services – Broadcast (TIS-B) can be used for this purpose. TIS-B is a system by which air traffic control information available to the air traffic controller is also provided to the aircraft.

· Maneuver and Control can be demonstrated using Controller Pilot Data Link Communications (CPDLC). This is a system in which ground controllers can issue commands to aircraft using text messaging instead of VHF voice radio. In return, the aircraft can acknowledge on the same text messaging link. The system is being implemented in the NAS today. The purpose of CPDLC is to reduce the usage of the already over subscribed aviation VHF voice radio frequencies. In its simplest form, think of it is an elaborate “Instant Messaging” system.

· Applicability of external Internet for Flight Information Services – Broadcast (FIS-B) kind of services, such as weather broadcast to aircraft from the ground. E-mail is another important service that can be provided. FIS-B can be used to provide near real time weather information to SATS pilots. One of the uses for VDL Mode SATS is a continuous broadcast by a ground station of local weather conditions or enroute weather.

· Prove the technology of VHF Digital Link Mode SATS, which uses Self-organizing Time Division Multiple Access (STDMA) as its media access mechanism. VDL Mode SATS permits data communication without the necessity of having a ground station to support the protocol.

· Peer-to-peer activity between two or more air nodes, and between air and ground nodes. Peer-to-peer communication enables real time collaboration between equal entities by sharing resources and information.

· Interoperability between applications residing on different platforms.

IP is NOT the World Wide Web

In order to understand how the airborne Internet can successfully work with airplanes, it is beneficial to understand some elements of how networks work.

In basic computer networks, each computer utilizes a network device, such as a network interface card (NIC), as its physical interface onto the network wire, or Local Area Network (LAN). The network wire (or cable) connects directly to the NIC in the back of the PC. At the next level higher, network protocols are applied and bound to the NIC. Typically and most commonly used is TCP/IP. The Internet Protocol (IP) is a network-layer protocol that contains addressing information and some control information that enables packets to be routed.  The IP component provides routing from the department to the enterprise network, then to regional networks, and finally to the global Internet.  TCP is responsible for verifying the correct delivery of data from the client to the destination server. Use of TCP/IP is not necessarily the same as using the World Wide Web (www). 
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The use of the www involves using a web browser that utilizes another higher protocol layer: hypertext transfer protocol (HTTP). The web browser allows you to enter a web site, such as http://www.abc.com and using TCP/IP, connects to the server that serves up that web page. The browser interprets the programming language of hypertext markup language (HTML) and presents the information to you in a way that the user understands.

TCP and IP are actually underneath HTTP. Using TCP/IP, a network computer can do many other useful things such as transfer files, send and receive email, and log on to a network server remotely. The Airborne Internet concept is based on using TCP/IP, but not necessarily HTTP.

Uniquely Being Identified:

Each technology has its own convention for transmitting messages between two machines within the same network. On a LAN, messages are sent between machines by supplying the six byte unique identifier (the media access control address: the "MAC" address). More specifically, the MAC address is embedded into the network card (NIC). Each NIC has a different MAC address that is applied during the manufacturing process. TCP/IP assigns a unique number to every workstation (actually its NIC) in the world. The IP address and the MAC are married together. This "IP number" is a four byte value that, by convention, is expressed by converting each byte into a decimal number (0 to 255) and separating the bytes with a period. For example, the www.abc.com web site server is 204.202.132.19.

Getting There:

The enterprise network is built using commercially available TCP/IP router boxes. Each router has tables to translate the name into a destination IP address. Think of it in terms of how mail is delivered to homes. A computer’s IP address is similar to the address of  a residence, which starts in a large context and eventually is defined at the exact residence location. The residence address might really be Earth, United States of America, New Jersey, Atlantic City, Massachusetts Ave, and then house number 405. Most of the top level is assumed when it is only being routed within the U.S. Postal Service, but if a person from Germany were to send a letter to an address in the United States, it would have to be addressed as follows:

John Doe 405 N. Massachusetts Ave. Atlantic City, NJ. 08405 U.S.A.  

As the post offices use zip codes to help them route the mail and then eventually sorted and delivered properly, so do network routers. They use IP to help them accomplish it. The router must also determine where to send it next, or which “route” to use to ensure it arrives at its destination.  Every time a message arrives at an IP router, it makes an individual decision about where to send it next. Routing decisions are not necessarily complex. More sophisticated routing measures traffic patterns and sends data through the least busy link. If one communications line in this network breaks down, traffic can still reach its destination through an alternate path. This provides continued service with possible degraded performance. This kind of recovery is the primary design feature of IP. The connectivity loss is detected by the routers at the origin and destination. Each network adopts some Router Protocol which periodically updates the routing tables throughout the network with information about changes in route status.

If the size of the network grows, then the complexity of the routing updates will increase as will the cost of transmitting them. Building a single network that covers the entire US would be unreasonably complicated. Fortunately, the Internet is designed as a Network of Networks. This means that loops and redundancy are built into each regional carrier. The regional network handles its own problems and reroutes messages internally. Its Router Protocol updates the tables in its own routers, but no routing updates need to propagate from a regional carrier to the spine or to the other regions.

When data arrives at a congested router, there is no place to send the overflow. Excess packets are simply discarded. It becomes the responsibility of the sender to retry the data a few seconds later and to persist until it finally gets through. This recovery is provided by the TCP component of the Internet protocol. TCP was designed to recover from node or line failures where the network propagates routing table changes to all router nodes. Since the update takes some time, TCP is slow to initiate recovery. The TCP algorithms are not tuned to optimally handle packet loss due to traffic congestion. Instead, the traditional Internet response to traffic problems has been to increase the speed of lines and equipment in order to say ahead of growth in demand. The receiver can detect missing or incorrectly sequenced packets. TCP acknowledges data that has been received and retransmits data that has been lost. The TCP design means that error recovery is done end-to-end between the Client and Server machine.

Why all this detail?

The rather lengthy and detailed explanation just provided is to illustrate how the use of IP can very dependably be relied on to deliver network communications. Aircraft use of communication and navigation information must be nearly real time, highly dependable and it must have backup redundancy. IP has inherent redundancy in its digital delivery system, making it an excellent candidate for aircraft use. The reason IP has never been used in an aircraft context before is because until now there has not been a method proposed to keep the aircraft connected to the network, so that the IP connection is never lost. Now it is appropriate to examine how aircraft currently operate so we can draw both analogy and cite the differences between present day aircraft “networks” and an IP based aviation network (Airborne Internet).

APPENDIX

Terms of Reference:

RADAR DATA PROCESSING

Radar data processing provides an automatic display of aircraft identification, altitude, speed, velocity vector (which indicates track direction of the aircraft), and special conditions having to do with the aircraft status; i.e., emergency or radio failure. 

Also displayed on the radar scopes are weather returns, high terrain, and a feature called Conflict Alert. Conflict Alert consists of the detection of impending infractions of safe separation limits between aircraft and will alert the controller to a potential violation. 

Another safety feature is the En Route Minimum Safe Altitude Warning (EMSAW). It is incorporated into the Center's computer system and alerts the controller to the potential intrusion of an aircraft into airspace that has terrain at or near its altitude. 

All incoming data from the radar antennas to the computer system are recorded on magnetic tapes and can be saved indefinitely for future analysis. Having this recall feature has also greatly assisted in the search for aircraft that have become lost or overdue. Occasionally, we are called upon by the Air Force Rescue Coordination Center in Illinois to assist in its search. By "replaying" these tapes, the computer will print on a high speed printer a graphic plot of an aircraft's flight path as flown through the Center's area. We then relay these positions to the Search and Rescue Center (SAR), who, in turn, initiates its search with this data. 

This program has been a major breakthrough in search and rescue planning and execution and has saved thousands of man-hours and dollars, plus many lives, as SAR forces are able to concentrate its efforts in the vicinity of the last known radar position. 

FAA Radar Analysis History

The FAA has been actively involved with Radar Analysis since the advent of radars into the commercial aviation environment. Over the decades, several software applications have been developed to assist technicians and specialists in analyzing radar systems to ensure safe operation of private and commercial aviation. 

Developers from outside resources and agencies such as the United States Air Force and its 84th RADES Evaluation Squadron, along with numerous universities and individuals within the FAA community have designed and developed numerous radar analysis programs. 

The first radar analysis programs came into being in the late 1960s and early 1970s to accommodate the integration and optimization of the Common Digitizer (Model 1) or CD-1s. The only available computing power was at the ARTCCs. 

In 1994, the National Communications System's Engineering Division and its associated Radar Branch, AOS-520,decided to undertake the tremendous task of standardizing radar analysis software as well as developing a user-friendly suite of radar analysis tools. 

The Radar Intelligent Tool (RIT) project provides a much needed focal point. Ultimately, it will be the only sanctioned radar analysis tool delivered by the FAA. It provides configuration management, baseline control, quality assurance for the delivered products, a common set of development tools, a standard design approach, a standard design structure, a standard programming language, and standard operating system or environment. 

Radar Services and Procedures 

1-2-1. Radar 

a. Capabilities 

1. Radar is a method whereby radio waves are transmitted into the air and are then received when they have been reflected by an object in the path of the beam. Range is determined by measuring the time it takes (at the speed of light) for the radio wave to go out to the object and then return to the receiving antenna. The direction of a detected object from a radar site is determined by the position of the rotating antenna when the reflected portion of the radio wave is received. 

2. More reliable maintenance and improved equipment have reduced radar system failures to a negligible factor. Most facilities actually have some components duplicated, one operating and another which immediately takes over when a malfunction occurs to the primary component. 

b. Limitations 

1. It is very important for the aviation community to recognize the fact that there are limitations to radar service and that ATC controllers may not always be able to issue traffic advisories concerning aircraft which are not under ATC control and cannot be seen on radar. (See FIG 1-2-1.) 

(a) The characteristics of radio waves are such that they normally travel in a continuous straight line unless they are: 

(1) "Bent" by abnormal atmospheric phenomena such as temperature inversions; 

(2) Reflected or attenuated by dense objects such as heavy clouds, precipitation, ground obstacles, mountains, etc.; or 

(3) Screened by high terrain features. 

(b) The bending of radar pulses, often called anomalous propagation or ducting, may cause many extraneous blips to appear on the radar operator's display if the beam has been bent toward the ground or may decrease the detection range if the wave is bent upward. It is difficult to solve the effects of anomalous propagation, but using beacon radar and electronically eliminating stationary and slow moving targets by a method called moving target indicator (MTI) usually negate the problem. 

FIG 1-2-1 
Limitations to Radar Service
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(c) Radar energy that strikes dense objects will be reflected and displayed on the operator's scope thereby blocking out aircraft at the same range and greatly weakening or completely eliminating the display of targets at a greater range. Again, radar beacon and MTI are very effectively used to combat ground clutter and weather phenomena, and a method of circularly polarizing the radar beam will eliminate some weather returns. A negative characteristic of MTI is that an aircraft flying a speed that coincides with the canceling signal of the MTI (tangential or "blind" speed) may not be displayed to the radar controller. 

(d) Relatively low altitude aircraft will not be seen if they are screened by mountains or are below the radar beam due to earth curvature. The only solution to screening is the installation of strategically placed multiple radars which has been done in some areas. 

(e) There are several other factors which affect radar control. The amount of reflective surface of an aircraft will determine the size of the radar return. Therefore, a small light airplane or a sleek jet fighter will be more difficult to see on radar than a large commercial jet or military bomber. Here again, the use of radar beacon is invaluable if the aircraft is equipped with an airborne transponder. All ARTCCs' radars in the conterminous U.S. and many airport surveillance radars have the capability to interrogate MODE C and display altitude information to the controller from appropriately equipped aircraft. However, there are a number of airport surveillance radars that don't have Mode C display capability and; therefore, altitude information must be obtained from the pilot. 

(f) At some locations within the ATC en route environment, secondary-radar-only (no primary radar) gap filler radar systems are used to give lower altitude radar coverage between two larger radar systems, each of which provides both primary and secondary radar coverage. In those geographical areas served by secondary-radar only, aircraft without transponders cannot be provided with radar service. Additionally, transponder equipped aircraft cannot be provided with radar advisories concerning primary targets and weather. 

REFERENCE-
Pilot/Controller Glossary Term- Radar. 

(g) The controller's ability to advise a pilot flying on instruments or in visual conditions of the aircraft's proximity to another aircraft will be limited if the unknown aircraft is not observed on radar, if no flight plan information is available, or if the volume of traffic and workload prevent issuing traffic information. The controller's first priority is given to establishing vertical, lateral, or longitudinal separation between aircraft flying IFR under the control of ATC. 

c. FAA radar units operate continuously at the locations shown in the Airport/Facility Directory, and their services are available to all pilots, both civil and military. Contact the associated FAA control tower or ARTCC on any frequency guarded for initial instructions, or in an emergency, any FAA facility for information on the nearest radar service. 

1-2-2. Air Traffic Control Radar Beacon System (ATCRBS) 

a. The ATCRBS, sometimes referred to as secondary surveillance radar, consists of three main components: 

1. Interrogator. Primary radar relies on a signal being transmitted from the radar antenna site and for this signal to be reflected or "bounced back" from an object (such as an aircraft). This reflected signal is then displayed as a "target" on the controller's radarscope. In the ATCRBS, the Interrogator, a ground based radar beacon transmitter-receiver, scans in synchronism with the primary radar and transmits discrete radio signals which repetitiously request all transponders, on the mode being used, to reply. The replies received are then mixed with the primary returns and both are displayed on the same radarscope. 

2. Transponder. This airborne radar beacon transmitter-receiver automatically receives the signals from the interrogator and selectively replies with a specific pulse group (code) only to those interrogations being received on the mode to which it is set. These replies are independent of, and much stronger than a primary radar return. 

3. Radarscope. The radarscope used by the controller displays returns from both the primary radar system and the ATCRBS. These returns, called targets, are what the controller refers to in the control and separation of traffic. 

b. The job of identifying and maintaining identification of primary radar targets is a long and tedious task for the controller. Some of the advantages of ATCRBS over primary radar are: 

1. Reinforcement of radar targets. 

2. Rapid target identification. 

3. Unique display of selected codes. 

c. A part of the ATCRBS ground equipment is the decoder. This equipment enables a controller to assign discrete transponder codes to each aircraft under his/her control. Normally only one code will be assigned for the entire flight. Assignments are made by the ARTCC computer on the basis of the National Beacon Code Allocation Plan. The equipment is also designed to receive MODE C altitude information from the aircraft. 

NOTE-
Refer to figures with explanatory legends for an illustration of the target symbology depicted on radar scopes in the NAS Stage A (en route), the ARTS III (terminal) Systems, and other nonautomated (broadband) radar systems. 
(See FIG 1-2-2 and FIG 1-2-3.) 

d. It should be emphasized that aircraft transponders greatly improve the effectiveness of radar systems. 

REFERENCE-
AIM, Transponder Operation, Paragraph 4-1-19.
1-2-3. Surveillance Radar 

a. Surveillance radars are divided into two general categories: Airport Surveillance Radar (ASR) and Air Route Surveillance Radar (ARSR). 

1. ASR is designed to provide relatively short- range coverage in the general vicinity of an airport and to serve as an expeditious means of handling terminal area traffic through observation of precise aircraft locations on a radarscope. The ASR can also be used as an instrument approach aid. 

2. ARSR is a long-range radar system designed primarily to provide a display of aircraft locations over large areas. 

3. Center Radar Automated Radar Terminal Systems (ARTS) Processing (CENRAP) was developed to provide an alternative to a nonradar environment at terminal facilities should an ASR fail or malfunction. CENRAP sends aircraft radar beacon target information to the ASR terminal facility equipped with ARTS. Procedures used for the separation of aircraft may increase under certain conditions when a facility is utilizing CENRAP because radar target information updates at a slower rate than the normal ASR radar. Radar services for VFR aircraft are also limited during CENRAP operations because of the additional workload required to provide services to IFR aircraft. 

b. Surveillance radars scan through 360 degrees of azimuth and present target information on a radar display located in a tower or center. This information is used independently or in conjunction with other navigational aids in the control of air traffic. 

1-2-4. Precision Approach Radar (PAR) 

a. PAR is designed to be used as a landing aid, rather than an aid for sequencing and spacing aircraft. PAR equipment may be used as a primary landing aid, or it may be used to monitor other types of approaches. It is designed to display range, azimuth and elevation information. 

b. Two antennas are used in the PAR array, one scanning a vertical plane, and the other scanning horizontally. Since the range is limited to 10 miles, azimuth to 20 degrees, and elevation to 7 degrees, only the final approach area is covered. Each scope is divided into two parts. The upper half presents altitude and distance information, and the lower half presents azimuth and distance. 

FIG 1-2-2
ARTS III Radar Scope With Alphanumeric Data 
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NOTE-
A number of radar terminals do not have ARTS equipment. Those facilities and certain ARTCC's outside the contiguous U.S. would have radar displays similar to the lower right hand subset. ARTS facilities and NAS Stage A ARTCC's, when operating in the nonautomation mode, would also have similar displays and certain services based on automation may not be available. 

EXAMPLE-
	PRIVATE

	1.
	Areas of precipitation (can be reduced by CP)

	
	
	

	
	2.
	Arrival/departure tabular list 

	
	
	

	
	3.
	Trackball (control) position symbol (A)

	
	
	

	
	4.
	Airway (lines are sometimes deleted in part)

	
	
	

	
	5.
	Radar limit line for control 

	
	
	

	
	6.
	Obstruction (video map)

	
	
	

	
	7.
	Primary radar returns of obstacles or terrain (can be removed by MTI)

	
	
	

	
	8.
	Satellite airports 

	
	
	

	
	9.
	Runway centerlines (marks and spaces indicate miles)

	
	
	

	
	10.
	Primary airport with parallel runways

	
	
	

	
	11.
	Approach gates

	
	
	

	
	12.
	Tracked target (primary and beacon target) 

	
	
	

	
	13.
	Control position symbol

	
	
	

	
	14.
	Untracked target select code (monitored) with Mode C readout of 5,000' 

	
	
	

	
	15.
	Untracked target without Mode C

	
	
	

	
	16.
	Primary target 

	
	
	

	
	17.
	Beacon target only (secondary radar) (transponder)

	
	
	

	
	18.
	Primary and beacon target 

	
	
	

	
	19.
	Leader line 

	
	
	

	
	20.
	Altitude Mode C readout is 6,000' 
(Note: readouts may not be displayed because of nonreceipt of beacon information, garbled beacon signals, and flight plan data which is displayed alternately with the altitude readout) 

	
	
	

	
	21.
	Ground speed readout is 240 knots 
(Note: readouts may not be displayed because of a loss of beacon signal, a controller alert that a pilot was squawking emergency, radio failure, etc.) 

	
	
	

	
	22.
	Aircraft ID

	
	
	

	
	23.
	Asterisk indicates a controller entry in Mode C block. In this case 5,000' is entered and "05" would alternate with Mode C readout. 

	
	
	

	
	24.
	Indicates heavy

	
	
	

	
	25.
	"Low ALT" flashes to indicate when an aircraft's predicted descent places the aircraft in an unsafe proximity to terrain. 
(Note: this feature does not function if the aircraft is not squawking Mode C. When a helicopter or aircraft is known to be operating below the lower safe limit, the "low ALT" can be changed to "inhibit" and flashing ceases.) 

	
	
	

	
	26.
	NAVAID's 

	
	
	

	
	27.
	Airways 

	
	
	

	
	28.
	Primary target only 

	
	
	

	
	29.
	Nonmonitored. No Mode C (an asterisk would indicate nonmonitored with Mode C)

	
	
	

	
	30.
	Beacon target only (secondary radar based on aircraft transponder) 

	
	
	

	
	31.
	Tracked target (primary and beacon target) control position A 

	
	
	

	
	32.
	Aircraft is squawking emergency code 7700 and is nonmonitored, untracked, Mode C 

	
	
	

	
	33.
	Controller assigned runway 36 right alternates with Mode C readout 
(Note: a three letter identifier could also indicate the arrival is at specific airport) 

	
	
	

	
	34.
	Ident flashes

	
	
	

	
	35.
	Identing target blossoms 

	
	
	

	
	36.
	Untracked target identing on a selected code 

	
	
	

	
	37.
	Range marks (10 and 15 miles) (can be changed/offset)

	
	
	

	
	38.
	Aircraft controlled by center 

	
	
	

	
	39.
	Targets in suspend status 

	
	
	

	
	40.
	Coast/suspend list (aircraft holding, temporary loss of beacon/target, etc.)

	
	
	

	
	41.
	Radio failure (emergency information)

	
	
	

	
	42.
	Select beacon codes (being monitored)

	
	
	

	
	43.
	General information (ATIS, runway, approach in use) 

	
	
	

	
	44.
	Altimeter setting 

	
	
	

	
	45.
	Time

	
	
	

	
	46.
	System data area


FIG 1-2-3 
NAS Stage A Controllers View Plan Display
This figure illustrates the controller's radar scope (PVD) when operating in the full automation (RDP) mode, which is normally 20 hours per day.

(When not in automation mode, the display is similar to the broadband mode shown in the ARTS III radar scope figure. Certain ARTCC's outside the contiguous U.S. also operate in "broadband" mode.)
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EXAMPLE-
Target symbols:
	PRIVATE
 
	
	

	
	1. 
	Uncorrelated primary radar target [o] [+]

	
	
	

	
	2. 
	Correlated primary radar target PRIVATE "TYPE=PICT;ALT=symb02.gif (1708 bytes)"


	
	
	*See note below.

	
	
	

	
	3. 
	Uncorrelated beacon target [ / ]

	
	
	

	
	4. 
	Correlated beacon target [ \ ]

	
	
	

	
	5. 
	Identing beacon target PRIVATE "TYPE=PICT;ALT=symb05.gif (1316 bytes)"


	
	
	

	*Note: in Number 2 correlated means the association of radar data with the computer projected track of an identified aircraft.

	
	
	

	Position symbols:

	
	
	

	
	6.
	Free track (no flight plan tracking) PRIVATE "TYPE=PICT;ALT=symb06.gif (1457 bytes)"


	
	
	

	
	7.
	Flat track (flight plan tracking) PRIVATE "TYPE=PICT;ALT=symb07.gif (1423 bytes)"


	
	
	

	
	8.
	Coast (beacon target lost) [#]

	
	
	

	
	9.
	Present position hold PRIVATE "TYPE=PICT;ALT=symb09.gif (1501 bytes)"


	
	
	

	Data block information:

	
	
	

	
	10.
	Aircraft ident 

	*See note below.

	
	
	

	
	11.
	Assigned altitude FL 280, Mode C altitude same or within PRIVATE "TYPE=PICT;ALT=symb10.gif (1192 bytes)"
200' of assigned altitude. 

	*See note below.

	
	
	

	
	12.
	Computer ID #191, handoff is to sector 33
(0-33 would mean handoff accepted) 

	*See note below.

	
	
	

	
	13.
	Assigned altitude 17,000', aircraft is climbing, Mode C readout was 14,300 when last beacon interrogation was received.

	
	
	

	
	14.
	Leader line connecting target symbol and data block.

	
	
	

	
	15.
	Track velocity and direction vector line (projected ahead of target)

	
	
	

	
	16.
	Assigned altitude 7,000, aircraft is descending, last Mode C readout (or last reported altitude) was 100' above FL 230

	
	
	

	
	17.
	Transponder code shows in full data block only when different than assigned code

	
	
	

	
	18.
	Aircraft is 300' above assigned altitude

	
	
	

	
	19.
	Reported altitude (no Mode C readout) same as assigned. (An "n" would indicate no reported altitude.)

	
	
	

	
	20.
	Transponder set on emergency Code 7700 (EMRG flashes to attract attention)

	
	
	

	
	21.
	Transponder Code 1200 (VFR) with no Mode C

	
	
	

	
	22.
	Code 1200 (VFR) with Mode C and last altitude readout

	
	
	

	
	23.
	Transponder set on radio failure Code 7600 (RDOF flashes)

	
	
	

	
	24.
	Computer ID #228, CST indicates target is in coast status

	
	
	

	
	25.
	Assigned altitude FL 290, transponder code (these two items constitute a "limited data block")

	
	
	

	
	
	*Note: numbers 10, 11, and 12 constitute a "full data block"

	
	
	

	Other symbols: 

	
	
	

	
	26.
	Navigational aid

	
	
	

	
	27.
	Airway or jet route

	
	
	

	
	28.
	Outline of weather returns based on primary radar. "H" represents areas of high density precipitation which might be thunderstorms. Radial lines indicated lower density precipitation.

	
	
	

	
	29.
	Obstruction

	
	
	

	
	30.
	Airports

	
	
	PRIVATE "TYPE=PICT;ALT=aim0102_Auto0"
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