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Chapter 1

Introduction

As the head of the Radar Division at MIT’s Lincoln Laboratory in 1968, Herbert Weiss
often traveled from Boston to Washington D.C. to work on projects with the Air Force. At
that time, the commercial jet had just been introduced and had led to an unprecedented
growth in civil aviation. Weiss was frequently frustrated by flight delays during his trips,
and wondered if he might be able to do something about it. One day, he knocked on the
door of the Federal Aviation Administration (FAA) building in D.C. and introduced himself;
this simple act began a decades-long relationship between Lincoln Labs and the FAA.

The air traffic control system during the 1960’s was a patchwork of technologies. Overworked
air traffic controllers collated information from a wide variety of sources — radar, radio, and
flight plans — in order to maintain a sense of aircraft location and trajectories. Some still
tracked planes using plastic markers, moving them around on a map when new radar updates
arrived. Because the FAA did not have the resources to fully deploy new technologies, many
ground stations continued to use the same equipment that had been in place for the last
twenty years. Unfortunately, the antiquated systems were simply unable to keep up with
the “burgeoning need” and delays and even collisions occurred [1].

Weiss was not the only one to conclude that the air traffic control system needed to be over-
hauled. In the summer of 1968, the Department of Transportation, pressured by increased
concerns about recent mid-air collisions, formed a committee to explore the requirements for
the next generation of air traffic control technologies. The resulting recommendation was to
develop an air traffic control technology capable of bidirectional, one-to-one, ground-to-air
communication. Lincoln Labs took on the role of proving the feasibility of this plan, and
would ultimately design, prototype, and produce a final specification for the new technology.

This technology was Mode S.



1.1 A Project History of Mode S

This report traces the history of the development of Mode S from 1961 to 1975. Beginning
with the pressures that culminated in the development of a new air traffic control technology,
we considered the requirements for the new system, examined the choice of Lincoln Labs as
its designer and traced the design decisions that went into the final specification for Mode

S.

The analysis focuses on the key requirement for Mode S: interoperability with existing air
traffic control systems. Even though the exigency of a new infrastructure was obvious,
the diverse concerns of the aviation community, the large number of aircraft, and the need
to extensively test any new system collectively formed a high barrier to adoption for any
new technology. The Lincoln Lab designers of Mode S were acutely aware of this problem
and were determined to build a new air traffic control technology that would interoperate
seamlessly with the existing system.

An important theme is illustrated by the struggle with interoperability and more impor-
tantly, the pressures that compelled this requirement. Mode S was largely influenced by the
community it was designed for, the researchers that designed it, and the agency that funded
its development. To put this observation in the larger context, the design of any real-world,
complex system is and should be driven by its environment; successful technologies cannot
be developed in isolation.



Chapter 2

Project Beacon

On December 16, 1960, a midair collision occurred over New York City, when the pilot of a
United Airlines DC-8 overshot his designated airspace and collided into a TWA Constella-
tion, killing 128 passengers and 8 people on the ground. This collision brought the problem
of air traffic control into the public eye, stirring the government into action and bringing
to the surface many underlying problems with the national air traffic control system. Fac-
ing criticism from both the aviation community and the government, the Federal Aviation
Agency (FAA) quickly began a reassessment of its existing system and research program [2].

2.1 The Project Beacon Task Force

President John F. Kennedy issued an order on March 8, 1961 requesting the FAA to “conduct
a scientific, engineering overview of our aviation facilities and related research and develop-
ment and to prepare a practicable long-range plan to insure efficient and safe control of all
air traffic within the United States.” A task force called “Project Beacon” was established
that would report its findings to the FAA administrator [3].

Project Beacon was faced with two strong, competing factions in the choice of the next
generation of air traffic control. The Research and Development Bureau of the FAA had
focused on the development of the most advanced ATC equipment possible, a Data Process-
ing Central computer and 3-D radar, neither of which had been completed. They believed
that, once perfected, these technologies would revolutionize air traffic control. The air traffic
controllers who used the actual system on a day-to-day basis pushed for the modernization
and improvement of existing, proven technologies, especially radar. They felt that this solu-
tion would provide a more immediate fix to the problems facing air traffic control, while the
engineers’ new technology was still many years from completion [2].

The final recommendations of the Project Beacon task force agreed more strongly with
the controllers than the engineers, concluding that an improved radar system would be
the primary tool for air traffic control for at least the next decade. Whereas previously



controllers kept track of airplanes on the radar screen with flight strips, plastic markers
(“shrimp boats”), and grease-penciled markings on the radar screen, the system would now
be upgraded to display altitude and identification visually in alphanumeric characters on
the radar screen [2]. The amount of controller workload would thus be reduced and help
eliminate much of the confusion in air traffic control.

2.2 ATCRBS

The system introduced was the Air Traffic Control Radar Beacon System (ATCRBS). It was
adopted from the military’s Identification Friend and Foe (IFF) system, which had been used
by the British Royal Air Force extensively during World War II. IFF allows a ground-based
transmitter to broadcast a radio signal that would interrogate a nearby plane. If the plane
equipped with a transponder does not respond with the proper reply, it is assumed to be an
enemy aircraft.

Figure 2. atalink verview

The ATCRBS system operates under the same principles, as an interrogation-based system
that utili es signals modeled after those used in the IFF system. Interrogations are broad-



































































































