
Introduction to Air Traffic Control

Topic Objective:

At the end of this topic student will be able to understand:

 Early Flight

 Ancient Greece

 Hot Air Balloons and Kites in China

 Parachutes and Gliders in Umayyad Spain and England

 Renaissance Europe and the Ottoman Empire

 Modern Flight

 Toward better understanding

 Picking up the pace

 Lighter than air

 Langley

 Gustave Whitehead

 The Wright brothers

 Other early flights

 Helicopter

 Seaplane

 1914 - 1918: World War I

 In 1929 Jimmy Doolittle developed instrument flight.

 1939 - 1945: World War II

 1945 - 1991: The Cold War

 2001-Future

 The challenge of peak oil

Definition/Overview:
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Aviation history deals with the development of mechanical flight, from the earliest attempts in

kite-powered and gliding flight, to powered heavier-than-air flight, and beyond. Humanity's

desire to fly possibly first found expression in China, where people flying tied to kites is

recorded (as a punishment) from the 6th century CE. Subsequently, the first glider flight was

demonstrated by Abbas Ibn Firnas in al-Andalus in the 9th century CE. Leonardo da Vinci's

(15th c.) dream of flight found expression in several designs, but he did not attempt to

demonstrate flight. It was in Europe during the late 18th century that serious attempts at flight

would first take place. Tethered balloons filled with hot air were perfected in the first half of the

19th century and saw considerable action in several mid-century wars, most notably the

American Civil War, where balloons provided observation during the battle of Petersburg.

Experiments with gliders laid a groundwork to build heavier than air craft, and by the early 20th

century advancements in engine technology made controlled, powered flight possible for the first

time. Since then, aircraft designers have struggled to make their craft go faster, further, fly

higher, and be controlled more easily: Important factors involved in building an airplane are:

 Control: Initially gliders were controlled by moving the entire body (Otto Lilienthal) or

warping the wings (Wright brothers). Modern airplanes use control surfaces such as ailerons and

elevators. On some military aircraft these control surfaces are stabilized by a computer system to

the extent that stable flight is not possible without the computer.

 Power: Aircraft engines have become lighter and more efficient, from Clement Ader's

steam engine to piston, jet and rocket engines.

 Material: Initially made of canvas and wood, aircraft materials moved to doped fabric and

steel tubing, all aluminum monocoque construction (around WWII), and increasingly today,

composites.
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Key Points:

1. Early Flight

The dream of flight is illustrated in myths across the world (e.g. Daedalus and Icarus in Greek

mythology, or the Pushpaka Vimana of the Ramayana). The first attempts to fly also often drew

on the idea of imitating birds, as in Daedalus' building his wings out of feathers and wax.

Attempts to build wings and jump off high towers continued well into the seventeenth century.

2. Ancient Greece

Around 400 BC, Archytas, the Ancient Greek philosopher, mathematician, astronomer,

statesman, and strategist, may have designed and built the first flying device based on a bird-

shaped model and is claimed to have flown some 200 meters. This machine, which its inventor

called The Pigeon (Greek: Περιστέρα "Peristera"), may have been suspended on a wire or pivot

for its flight.

3. Hot Air Balloons and Kites in China

The Kongming lantern (proto hot air balloon) was known in China from ancient times. Its

invention is usually attributed to the general Zhuge Liang (180-234 AD, honorific title

Kongming), who is said to have used them to scare the enemy troops:

 An oil lamp was installed under a large paper bag, and the bag floated in the air due to the

lamp heating the air. ... The enemy was frightened by the light in the air, thinking that some

divine force was helping him.
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However, the device based on a lamp in a paper shell is documented earlier, and according to

Joseph Needham, hot-air balloons in China were known from the 3rd century BC. In the 5th

century BC Lu Ban invented a 'wooden bird' which may have been a large kite, or which may

have been an early glider. During the Yuan dynasty (13th c.) under rulers like Kublai Khan, the

rectangular lamps became popular in festivals, when they would attract huge crowds. During the

Mongol Empire, the design may have spread along the Silk Route into Central Asia and the

Middle East. Almost identical floating lights with a rectangular lamp in thin paper scaffolding

are common in Tibetan celebrations and in the Indian festival of lights, Diwali. However, there is

no evidence that these were used for human flight.

In 559, human flight using a kite was documented during a succession wrangle in the Northern

Wei kingdom, according to the Comprehensive Mirror for the Aid of Government. After the

death of emperor Yuan Lang (513-532), his general Gao Huan took over as emperor. After Gao

Huan's death, his son Gao Yang, had Yuan Huangtou, son of the erstwhile emperor, launched on

a kite from a tower in the capital Ye. Yuan Huangtou floated across the city walls and survived

the landing, but was soon executed. Possibly, the capacity of kites to carry humans, as remarked

upon several centuries later by Marco Polo, was known even at this time.

4. Parachutes and Gliders in Umayyad Spain and England

Minaret of the Great Mosque at Crdoba. In 852, Ibn Firnas is said to have jumped off the top in a

parachute-like apparatus, and survived with minor injuries. Minaret of the Great Mosque at

Crdoba. In 852, Ibn Firnas is said to have jumped off the top in a parachute-like apparatus, and

survived with minor injuries. Islamic Spain during the Umayyad renaissance under the Caliphate

of Cordoba witnessed several attempts at flight by the Arab polymath and inventor Abbas Ibn

Firnas, supported by the Emir Abd ar-Rahman II. In 852 he made a set of wings with cloth

stiffened by wooden struts. With this umbrella-like apparatus, Ibn Firnas jumped off the minaret

of the Grand Mosque in Cordoba - while he could not fly, his apparatus slowed his fall, and he

escaped with minor injuries. His device is now considered to have been a prototype of the

modern parachute. Twenty-five years later, at the age of 65, Ibn Firnas is said to have flown from
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the hill Jabal al-'arus by employing a rudimentary glider. While "alighting again on the place

whence he had started," he eventually crashed and sustained injury which some contemporary

critics attributed to a lack of tail. His flight may have been an inspiration for Eilmer of

Malmesbury, more than a century later, who would fly for about 200 meters using a similar

glider (circa 1010).

5. Renaissance Europe and the Ottoman Empire

Some five centuries after Ibn Firnas, Leonardo da Vinci came up with a hang glider design in

which the inner parts of the wings are fixed, and some control surfaces are provided towards the

tips (as in the gliding flight in birds). While his drawings exist and are deemed flightworthy in

principle, he himself never flew in it. Based on his drawings, and using materials that would

have been available to him, a prototype constructed in the late 20th century was shown to fly.

However, his sketchy design was interpreted with modern knowledge of aerodynamic principles,

and whether his actual ideas would have flown is not known. A model he built for a test flight in

1496 did not fly, and some other designs, such as the four-person screw-type helicopter have

severe flaws. In the 17th century, the Ottoman traveller Evliya elebi reported that in 1630-1632

the Ottoman Turkish polymath Hezarfen Ahmet Celebi used a winged aircraft to fly across the

Bosporus. Launching from the top of the 62.59m Galata Tower in Istanbul, he is alleged to have

flown about 3km, landing uninjured.

In 1633, Hezarfen's brother, Lagari Hasan elebi, launched himself in the air in a seven-winged

rocket, which was composed of a large cage with a conical top filled with gunpowder. This was

the first known example of a manned rocket and an artificially-powered aircraft. The flight was

accomplished as a part of celebrations performed for the birth of Ottoman Emperor Murad IV's

daughter. Evliya reported that Lagari had made a soft landing in the Bosporus by using the wings

attached to his body as a parachute after the gunpowder was consumed. The flight was estimated

to have lasted about twenty seconds and the maximum height reached around 300 metres. Lagari
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was rewarded by the sultan with a valuable military position in the Ottoman army. In 1670

Francesco Lana de Terzi published work that suggested lighter than air flight would be possible

by having copper foil spheres that contained a vacuum that would be lighter than the displaced

air, lift an airship (rather literal from his drawing). While not being completely off the mark, he

did fail to realize that the pressure of the surrounding air would smash the spheres.

6. Modern Flight

Although many people think of human flight as beginning with the aircraft in the early 1900s, in

fact people had already been flying for some 200 years. The first generally recognized human

flight took place in Paris in 1783. Jean-Franois Piltre de Rozier and Franois Laurent d'Arlandes

went 5 miles (8 km) in a hot air balloon invented by the Montgolfier brothers. The balloon was

powered by a wood fire, and was not steerable: that is, it flew wherever the wind took it.

Ballooning became a major "rage" in Europe in the late 18th century, providing the first detailed

understanding of the relationship between altitude and the atmosphere.

Work on developing a steerable (or dirigible) balloon (now called an airship) continued

sporadically throughout the 1800s. The first powered, controlled, sustained lighter-than-air flight

is believed to have taken place in 1852 when Henri Giffard flew 15 miles (24 km) in France,

with a steam engine driven craft. Non-steerable balloons were employed during the American

Civil War by the Union Army Balloon Corps. Another advance was made in 1884, when the first

fully controllable free-flight was made in a French Army electric-powered airship, La France, by

Charles Renard and Arthur Krebs. The 170-foot (52 m) long , 66,000-cubic-foot (1,900 m)

airship covered 8 km (5 miles) in 23 minutes with the aid of an 8-1/2 horsepower electric motor.

However, these aircraft were generally short-lived and extremely frail. Routine, controlled flights

would not come to pass until the advent of the internal combustion engine Although airships

were used in both World War I and II, and continue on a limited basis to this day, their

development has been largely overshadowed by heavier-than-air craft.
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7. Toward better understanding

The first published paper on aviation was "Sketch of a Machine for Flying in the Air" by

Emanuel Swedenborg published in 1716. This flying machine consisted of a light frame covered

with strong canvas and provided with two large oars or wings moving on a horizontal axis,

arranged so that the upstroke met with no resistance while the downstroke provided lifting

power. Swedenborg knew that the machine would not fly, but suggested it as a start and was

confident that the problem would be solved. He said, "It seems easier to talk of such a machine

than to put it into actuality, for it requires greater force and less weight than exists in a human

body. The science of mechanics might perhaps suggest a means, namely, a strong spiral spring.

If these advantages and requisites are observed, perhaps in time to come some one might know

how better to utilize our sketch and cause some addition to be made so as to accomplish that

which we can only suggest. Yet there are sufficient proofs and examples from nature that such

flights can take place without danger, although when the first trials are made you may have to

pay for the experience, and not mind an arm or leg." Swedenborg would prove prescient in his

observation that powering the aircraft through the air was the crux of flying.

During the last years of the 18th century, Sir George Cayley started the first rigorous study of the

physics of flight. In 1799 he exhibited a plan for a glider, which except for planform was

completely modern in having a separate tail for control and having the pilot suspended below the

center of gravity to provide stability, and flew it as a model in 1804. Over the next five decades

Cayley worked on and off on the problem, during which he invented most of basic aerodynamics

and introduced such terms as lift and drag. He used both internal and external combustion

engines, fueled by gunpowder, but it was left to Alphonse Penaud to make powering models

simple, with rubber power. Later Cayley turned his research to building a full-scale version of

his design, first flying it unmanned in 1849, and in 1853 his coachman made a short flight at

Brompton, near Scarborough in Yorkshire. In 1848, John Stringfellow had a successful test flight

of a steam-powered model, in Chard, Somerset, England. This was 'unmanned'.
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In 1866 a Polish peasant, sculptor and carpenter by the name of Jan Wnęk built and flew a

controllable glider. Wnęk was illiterate and self-taught, and could only count on his knowledge

about nature based on observation of birds' flight and on his own builder and carver skills. Jan

Wnęk was firmly strapped to his glider by the chest and hips and controlled his glider by twisting

the wing's trailing edge via strings attached to stirrups at his feet. Church records indicate that

Jan Wnęk launched from a special ramp on top of the Odporyszw church tower; The tower stood

45 m high and was located on top of a 50 m hill, making a 95 m (311 ft) high launch above the

valley below. Jan Wnęk made several public flights of substantial distances between 1866 -

1869, especially during religious festivals, carnivals and New Year celebrations. Wnęk left no

known written records or drawings, thus having no impact on aviation progress. Recently,

Professor Tadeusz Seweryn, director of the Krakw Museum of Ethnography, has unearthed

church records with descriptions of Jan Wnęk's activities.

In 1856, Frenchman Jean-Marie Le Bris made the first flight higher than his point of departure,

by having his glider "L'Albatros artificiel" pulled by a horse on a beach. He reportedly achieved

a height of 100 meters, over a distance of 200 meters. In 1874, Flix du Temple built the

"Monoplane", a large plane made of aluminium in Brest, France, with a wingspan of 13 meters

and a weight of only 80 kilograms (without the driver). Several trials were made with the plane,

and it is generally recognized that it achieved lift off under its own power after a ski-jump run,

glided for a short time and returned safely to the ground, making it the first successful powered

flight in history, although the flight was only a short distance and a short time.

Another person who advanced the art of flying was Francis Herbert Wenham, who

unsuccessfully attempted to build a series of unmanned gliders. During his work he found that

the majority of the lift from a bird-like wing appeared to be generated at the front, and concluded

that long, thin wings would be better than the bat-like ones suggested by many, because they
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would have more leading edge for their weight. Today this measure is known as aspect ratio. He

presented a paper on his work to the newly formed Royal Aeronautical Society of Great Britain

in 1866, and decided to prove it by building the world's first wind tunnel in 1871. Members of

the Society used the tunnel and learned that cambered wings generated considerably more lift

than expected by Cayley's Newtonian reasoning, with lift-to-drag ratios of about 5:1 at 15

degrees. This clearly demonstrated the ability to build practical heavier-than-air flying machines;

what remained was the problem of powering them, and controlling the flight.

8. Picking up the pace

The 1880s became a period of intense study, characterized by the "gentleman scientists" who

represented most research efforts until the 20th century. Starting in the 1880s advancements were

made in construction that led to the first truly practical gliders. Three people in particular were

active: Otto Lilienthal, Percy Pilcher and Octave Chanute. One of the first truly modern gliders

appears to have been built by John J. Montgomery; it flew in a controlled manner outside of San

Diego on August 28, 1883. It was not until many years later that his efforts became well known.

Another delta hang-glider had been constructed by Wilhelm Kress as early as 1877 near Vienna.

Otto Lilienthal of Germany duplicated Wenham's work and greatly expanded on it in 1874,

publishing his research in 1889. He also produced a series of ever-better gliders, and in 1891 was

able to make flights of 25 meters or more routinely. He rigorously documented his work,

including photographs, and for this reason is one of the best known of the early pioneers. He also

promoted the idea of "jumping before you fly", suggesting that researchers should start with

gliders and work their way up, instead of simply designing a powered machine on paper and

hoping it would work. His type of aircraft is now known as a hang glider.

By the time of his death in 1896 he had made 2500 flights on a number of designs, when a gust

of wind broke the wing of his latest design, causing him to fall from a height of roughly 56 ft (17

m), fracturing his spine. He died the next day, with his last words being "small sacrifices must be

made". Lilienthal had been working on small engines suitable for powering his designs at the

time of his death. Picking up where Lilienthal left off, Octave Chanute took up aircraft design
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after an early retirement, and funded the development of several gliders. In the summer of 1896

his troop flew several of their designs many times at Miller Beach, Indiana, eventually deciding

that the best was a biplane design that looks surprisingly modern. Like Lilienthal, he heavily

documented his work while photographing it, and was busy corresponding with like-minded

hobbyists around the world. Chanute was particularly interested in solving the problem of natural

stability of the aircraft in flight, one which birds corrected for by instinct, but one that humans

would have to do manually. The most disconcerting problem was longitudinal stability, because

as the angle of attack of a wing increased, the center of pressure moved forward and made the

angle increase more. Without immediate correction, the craft would pitch up and stall.

Throughout this period, a number of attempts were made to produce a true powered aircraft.

However the majority of these efforts were doomed to failure, being designed by hobbyists who

did not have a full understanding of the problems being discussed by Lilienthal and Chanute.

In France Clment Ader successfully launched his steam powered Eole for a short 50 meter flight

near Paris in 1890, making it the first self-propelled "long distance" flight in history. After this

test he immediately turned to a larger design, which took five years to build. However, this

design, the Avion III, was too heavy and was barely able to leave the ground. The plane

reportedly managed to fly a distance of 300 meters, at a small height. In 1884, Alexander

Mozhaysky's monoplane design made what is now considered to be a power assisted take off or

'hop' of 60-100 feet (20-30 meters) near Krasnoye Selo, Russia. Sir Hiram Maxim studied a

series of designs in England, eventually building a monstrous 7,000 lb (3,175 kg) design with a

wingspan of 105 feet (32 m), powered by two advanced low-weight steam engines which

delivered 180 hp (134 kW) each. Maxim built it to study the basic problems of construction and

power and it remained without controls, and, realizing that it would be unsafe to fly, he instead

had a 1,800 foot (550 m) track constructed for test runs. After a number of test runs working out

problems, on July 31, 1894 they started a series of runs at increasing power settings. The first

two were successful, with the craft "flying" on the rails. In the afternoon the crew of three fired

the boilers to full power, and after reaching over 42 mph (68 km/h) about 600 ft (180 m) down

the track the machine produced so much lift it pulled itself free of the track and crashed after

flying at low altitudes for about 200 feet (60 m). Declining fortunes left him unable to continue
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his work until the 1900s, when he was able to test a number of smaller designs powered by

gasoline.

Another less successful early experimenter was Samuel Pierpont Langley. After a distinguished

career in astronomy and a tenure at the Smithsonian Institution, Langley started a serious

investigation into aerodynamics at what is today the University of Pittsburgh. In 1891 he

published Experiments in Aerodynamics detailing his research, and then turned to building his

designs. On May 6, 1896, Langley's Aerodrome No.5 made the first successful flight of an

unpiloted, engine-driven heavier-than-air craft of substantial size. It was launched from a spring-

actuated catapult mounted on top of a houseboat on the Potomac River near Quantico, Virginia.

Two flights were made that afternoon, one of 1,005 m (3,300 ft) and a second of 700 m (2,300

ft), at a speed of approximately 25 miles per hour. On November 28, 1896, another successful

flight was made with the Aerodrome No.6. This flight was witnessed and photographed by

Alexander Graham Bell. It flew a distance of 1,460 m (4,790 ft). In the United Kingdom an

attempt at heavier-than-air flight was made by the aviation pioneer Percy Pilcher. Pilcher had

built several working gliders, The Bat, The Beetle, The Gull and The Hawk, which he flew

successfully during the mid to late 1890s. In 1899 he constructed a prototype powered aircraft

which, recent research has shown, would have been capable of flight. However, he died in a

glider accident before he was able to test it, and his plans were forgotten for many years.

9. Lighter than air

The first aircraft to make routine controlled flights were non-rigid airships (later called

"blimps".) The most successful early pioneer of this type of aircraft was the Brazilian Alberto

Santos-Dumont. Santos-Dumont effectively combined a balloon with an internal combustion

engine. On October 19, 1901 he became world famous when he flew his airship "Number 6"

over Paris from the Parc Saint Cloud around the Eiffel Tower and back in under thirty minutes to

win the Deutsch de la Meurthe prize. After this triumph in airships, Santos-Dumont would go on
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to design and build several aircraft. The subsequent controversy surrounding his and others'

competing claims with regard to aircraft would come to overshadow and obscure his

unparalleled contributions to the development of airships. At the same time that non-rigid

airships were starting to have some success, rigid airships were also becoming more advanced.

Indeed, rigid body dirigibles would be far more capable than fixed wing aircraft in terms of pure

cargo carrying capacity for decades. Dirigible design and advancement was brought about by the

German count, Ferdinand von Zeppelin.

Construction of the first Zeppelin airship began in 1899 in a floating assembly hall on Lake

Constance in the Bay of Manzell, Friedrichshafen. This was intended to ease the starting

procedure, as the hall could easily be aligned with the wind. The prototype airship LZ 1 (LZ for

"Luftschiff Zeppelin") had a length of 128 m, was driven by two 14.2 ps (10.6 kW) Daimler

engines and balanced by moving a weight between its two nacelles. The first Zeppelin flight

occurred on July 2, 1900. It lasted for only 18 minutes, as LZ 1 was forced to land on the lake

after the winding mechanism for the balancing weight had broken. Upon repair, the technology

proved its potential in subsequent flights, beating the 6 m/s velocity record of French airship La

France by 3 m/s, but could not yet convince possible investors. It would be several years before

the Count was able to raise enough funds for another try.

10. Langley

On May 6, 1896, Langley's Aerodrome No.5 made the first successful flight of an unpiloted,

engine-driven heavier-than-air craft of substantial size. It was launched from a spring-actuated

catapult mounted on top of a houseboat on the Potomac River near Quantico, Virginia. Two

flights were made that afternoon, one of 1,005 m (3,300 ft) and a second of 700 m (2,300 ft), at a

speed of approximately 25 miles per hour. On both occasions, the Aerodrome No.5 landed in the

water, as planned, because, in order to save weight, it was not equipped with landing gear. On

November 28, 1896, another successful flight was made with the Aerodrome No.6. This flight

was witnessed and photographed by Alexander Graham Bell. It was flown a distance of

approximately 1,460 m (4,790 ft). The Aerodrome No.6 was actually Aerodrome No.4 greatly
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modified. So little remained of the original aircraft that it was given the new designation of

Aerodrome No.6.

With the success of the Aerodrome No. 5 and its follow-on No. 6, Langley started looking for

funding to build a full-scale man-carrying version of his designs. Spurred by the Spanish-

American War, the U.S. government granted him $50,000 to develop a man-carrying flying

machine for surveillance. Langley planned on building a scaled-up version known as the

Aerodrome A, and started with the smaller Quarter-scale Aerodrome, which flew twice on June

18, 1901, and then again with a newer and more powerful engine in 1903. With the basic design

apparently successfully tested, he then turned to the problem of a suitable engine. He contracted

Stephen Balzer to build him one, but was disappointed when it delivered only 8 horsepower (6

kW) instead of 12 hp (9 kW) as he expected. Langley's assistant, Charles M. Manly, then

reworked the design into a five-cylinder water-cooled radial that delivered 52 horsepower (39

kW) at 950 rpm, a feat that took years to duplicate. Now with both power and a design, Langley

put the two together with great hopes.

To his dismay, the resulting aircraft proved to be too fragile. He had apparently overlooked the

effects of minimum gauge, and simply scaling up the original small models resulted in a design

that was too heavy to hold itself up. Two launches in late 1903 both ended with the Aerodrome

crashing into the water almost immediately after launch. His attempts to gain further funding

failed, and his efforts ended -- only weeks later the Wright brothers successfully flew their aptly-

named Flyer. (Glenn Curtiss made several modifications to the Aerodrome and successfully flew

it in 1914 -- the Smithsonian Institution thus continued to boast that Langley's Aerodrome was

the first machine "capable of flight".)

11. Gustave Whitehead

On August 14, 1901, in Fairfield, Connecticut, Whitehead reportedly flew his engine-powered

Number 21 800 meters at 15 meters height, according to articles in the Bridgeport Herald, the
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New York Herald and the Boston Transcript. No photographs were taken, but a sketch of the

plane in the air was made by a reporter for the Bridgeport Herald, Dick Howell, who was present

in addition to Whitehead helpers and other witnesses. This date precedes the Wright brothers'

Kitty Hawk, North Carolina flight by more than two years. Several witnesses have sworn and

signed affidavits about many other flights during the summer 1901 before the event described

above which was publicized.

For example: "In the summer of 1901 he flew that machine from Howard Avenue East to

Wordin Avenue, flying it along the border of a property belonging to a gasworks. As Harworth

recalls, after landing the flying machine was merely turned around and a further "leap" was taken

back to Howard Avenue." (According to old and modern maps this distance is 200m (600ft).)

The Aeronautical Club of Boston and manufacturer Horsman in New York hired Whitehead as a

specialist for hanggliders, aircraft models, kites and motors for flying craft. Whitehead flew short

distances in his glider.

According to witness reports, Whitehead had flown about 1 km (half a mile) in Pittsburgh as

early as 1899. This flight ended in a crash when Whitehead tried to avoid a collision with a

three-storey building by flying over the house and failed. After this crash Whitehead was

forbidden any further flying experiments in Pittsburgh. That's why he moved to Bridgeport. In

January 1902, he claimed to have flown 10 km (7 miles) over Long Island Sound in the

improved Number 22. In the 1930s, witnesses gave 15 sworn and signed affidavits, most of them

attesting to Whitehead flights; one attests to the flight over the Sound. Two modern replicas of

his Number 21 have been flown successfully.

12. The Wright brothers

Following Lilienthal's principles of jumping before flying, the brothers built and tested a series

of kite and glider designs from 1900 to 1902 before attempting to build a powered design. The

gliders worked, but not as well as the Wrights had expected based on the experiments and

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

14
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



writings of their 19th century predecessors. Their first glider, launched in 1900, had only about

half the lift they anticipated. Their second glider, built the following year, performed even more

poorly. Rather than giving up, the Wrights constructed their own wind tunnel and created a

number of sophisticated devices to measure lift and drag on the 200 wing designs they tested. As

a result, the Wrights corrected earlier mistakes in calculations regarding drag and lift, though

they missed the effect of Reynolds number (known since 1883), which would have given them

an even bigger advantage. Their testing and calculating produced a third glider design, which

they flew in 1902. It performed far better than the previous models. In the end, by establishing

their rigorous system of designing, wind-tunnel testing of models and flight testing of full-size

prototypes, the Wrights not only built a working aircraft but also helped advance the modern

science of aeronautical engineering.

The Wrights appear to be the first design team to make serious studied attempts to

simultaneously solve the power and control problems. Both problems proved difficult, but they

never lost interest. Eventually, they designed and built an engine that could provide the needed

power, and solved the control problem through a system known as "wing warping". Although

this method was used only briefly during the history of aviation, it worked at the low airspeeds

their designs would fly at, and proved to be a key advance, leading directly to modern ailerons.

While many aviation pioneers appeared to leave safety largely to chance, the Wrights' design

was greatly influenced by the need to teach them to fly without unreasonable risk to life and

limb, by surviving crashes. This, not lack of power, was the reason for the low speed and for

taking off in a head wind. It was also the reason for the rear-heavy design, for the canard, and for

the anhedral wings.

According to the Smithsonian and FAI the Wrights made the first sustained, controlled and

powered heavier-than-air flight at Kill Devil Hills, North Carolina, a town five miles (8 km)

down the road from Kitty Hawk, North Carolina on December 17, 1903. The first flight by

Orville Wright, of 121 feet (37 m) in 12 seconds, was recorded in a famous photograph. In the

fourth flight of the same day, Wilbur Wright flew 852 feet (260 m) in 59 seconds. The flights
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were witnessed by 4 lifesavers and a boy from the village, making them the first public flights

and certainly the first well-documented ones. Wilbur started the fourth and last flight at just

about 12 o'clock. The first few hundred feet were up and down, as before, but by the time three

hundred feet had been covered, the machine was under much better control. The course for the

next four or five hundred feet had but little undulation. However, when out about eight hundred

feet the machine began pitching again, and, in one of its darts downward, struck the ground. The

distance over the ground was measured to be 852 feet (260 m); the time of the flight was 59

seconds. The frame supporting the front rudder was badly broken, but the main part of the

machine was not injured at all. They estimated that the machine could be put in condition for

flight again in about a day or two. "Every flight of the aircraft on December 14 and 17 -- under

very difficult conditions on the 17th -- ended in a bumpy and unintended "landing"."

"When rebuilding the Flyer III after a severe crash on 14 July 1905, the Wrights made radical

changes to the design. They almost doubled the size of the elevator and rudder and moved them

about twice the distance from the wings. They added two fixed vertical vanes (called "blinkers")

between the elevators, and gave the wings a very slight dihedral. They disconnected the rudder

of the rebuilt Flyer III from the wing-warping control, and as in all future aircraft, placed it on a

separate control handle. When testing of Flyer III resumed in September the results were almost

immediate. The bucking and veering that had hampered Flyers I & II were gone. The minor

crashes the Wrights had experienced disappeared. The flights with the redesigned Flyer III

started lasting over 20 minutes. Thus Flyer III became a practicable, as well as dependable

aircraft, flying solidly for a consistent duration and bringing its pilot back to the starting point

safely and landing without damage to itself. On 5 October 1905, Wilbur flew 24 miles (38.9 km)

in 39 minutes 23 seconds." According to the April 1907 issue of the Scientific American

magazine, the Wright brothers seemed to have the most advanced knowledge of heavier-than-air

navigation at the time. Though, the same magazine issue also affirms that no public flight has

been made in the United States before its April 1907 issue. Hence, they devised the Scientific

American Aeronautic Trophy in order to encourage the development of a flying machine

heavier-than-air.
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13. Other early flights

In New Zealand, South Canterbury farmer and inventor Richard Pearse constructed a monoplane

aircraft that he reputedly flew on March 31 1903. The first balloon flights took place in Australia

in the late 1800s while Bill Wittber and Escapologist Harry Houdini made Australia's first

controlled flights in 1910. . Wittber was conducting taxiing tests in a Bleriot XI aircraft in March

1910 in South Australia when he suddenly found himself about five feet in the air. He flew about

40 feet before landing. South Australia's other aviation firsts include the first flight from England

to Australia by brothers Sir Ross and Sir Keith Smith in their Vickers Vimy bomber, the first

Arctic flight by South Australian born Sir Hubert Wilkins and the first Australian born astronaut,

Andy Thomas. Karl Jatho from Hanover conducted a short motorized flight in August 1903, just

a few months after Pearse. Jatho's wing design and airspeed did not allow his control surfaces to

act properly to control the aircraft.

Also in the summer of 1903, eyewitnesses claimed to have seen Preston Watson make his initial

flights at Errol, near Dundee in the east of Scotland. Once again, however, lack of photographic

or documentary evidence makes the claim difficult to verify. Many claims of flight are

complicated by the fact that many early flights were done at such low altitude that they did not

clear the ground effect, and by the complexities involved in the differences between unpowered

and powered aircraft. The Wright brothers conducted numerous additional flights (about 150) in

1904 and 1905 from Huffman Prairie in Dayton, Ohio and invited friends and relatives.

Newspaper reporters did not pay attention after seeing an unsuccessful flight attempt in May

1904. Public exhibitions of high altitude flights were made by Daniel Maloney in the John

Montgomery tandem-wing glider in March and April 1905 in the Santa Clara, California area.

These flights received national media attention and demonstrated superior control of the design,

with launches as high as 4,000 feet (1,200 m) and landings made at predetermined locations.
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Alberto Santos-Dumont made a public flight in Europe on September 13, 1906 in Paris. He used

a canard elevator and pronounced wing dihedral, and covered a distance of 221 m (725 ft). Since

the plane did not need headwinds or catapults to take off, this flight is considered by some,

primarily Brazilians, as the first true powered flight. Also, since the earlier attempts of Pearse,

Jatho, Watson, and the Wright brothers received far less attention from the popular press, Santos-

Dumont's flight was more important to society when it happened, especially in Europe and

Brazil, despite occurring some years later.

Two English inventors Henry Farman and John William Dunne were also working separately on

powered flying machines. In January 1908, Farman won the Grand Prix d'Aviation by flying a 1

km circle, though by this time several longer flights had already been done. For example, the

Wright brothers had made a flight over 39 km in October 1905. Dunne's early work was

sponsored by the British military, and tested in great secrecy in Glen Tilt in the Scottish

Highlands. His best early design, the D4, flew in December 1908 near Blair Atholl in Perthshire.

Dunne's main contribution to early aviation was stability, which was a key problem with the

planes designed by the Wright brothers and Samuel Cody. On May 14, 1908 the Wright brothers

made what is accepted to be the first two-person aircraft flight, with Charlie Furnas as a

passenger. On 8 July 1908, Thrse Peltier became the first woman to fly as a passenger in an

airplane when she made a flight of 656 feet (200 m) with Lon Delagrange in Milan, Italy.

Thomas Selfridge became the first person killed in a powered aircraft on September 17, 1908,

when Orville crashed his two-passenger plane during military tests at Fort Myer in Virginia. In

late 1908, Mrs Hart O. Berg became the first American woman to fly as a passenger in an

airplane when she flew with Wilbur Wright in Le Mans, France. On 25 July 1909 Louis Blriot

flew the Blriot XI monoplane across the English Channel winning the Daily Mail aviation prize.

His flight from Calais to Dover lasted 37 minutes. On 22 October 1909 Raymonde de Laroche

became the first woman to pilot and solo in a powered heavier than air craft. She was also the

first woman in the world to receive a pilot's licence.
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Controversy over who gets credit for invention of the aircraft has been fuelled by Pearse's and

Jatho's essentially non-existent efforts to inform the popular press, by the Wrights' secrecy while

their patent was prepared, by the pride of nations, and by the number of firsts made possible by

the basic invention. For example, the Romanian engineer Traian Vuia (1872 - 1950) has also

been claimed to have built the first self-propelled, heavier-than-air aircraft able to take off

autonomously, without a headwind and entirely driven by its own power. Vuia piloted the

aircraft he designed and built on March 18, 1906, at Montesson, near Paris. None of his flights

were longer than 100 feet (30 m) in length. In comparison, in October 1905, the Wright brothers

had a sustained flight of 39 minutes and 24.5 miles (39 km), circling over Huffman Prairie.

14. Helicopter

The first manned helicopter known to have risen off the ground took place in 1907 (Cornu,

France) though the first practical helicopter was the Focke FA-61 (Germany, 1936).

15. Seaplane

The first seaplane was invented in March 1910 by the French engineer Henri Fabre. Its name

was Le Canard ('the duck'), and took off from the water and flew 800 meters on its first flight on

March 28, 1910. These experiments were closely followed by the aircraft pioneers Gabriel and

Charles Voisin, who purchased several of the Fabre floats and fitted them to their Canard Voisin

airplane. In October 1910, the Canard Voisin became the first seaplane to fly over the river

Seine, and in March 1912, the first seaplane to be used militarily from a seaplane carrier, La

Foudre ('the lightning').
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16. 1914 - 1918: World War I

Almost as soon as they were invented, planes were drafted for military service. The first country

to use planes for military purposes was Bulgaria, whose planes attacked and reconnoitered the

Ottoman positions during the First Balkan War 1912-13. The first war to see major use of planes

in offensive, defensive and reconnaissance capabilities was World War I. The Allies and Central

Powers both used planes extensively. While the concept of using the aeroplane as a weapon of

war was generally laughed at before World War I, the idea of using it for photography was one

that was not lost on any of the major forces. All of the major forces in Europe had light aircraft,

typically derived from pre-war sporting designs, attached to their reconnaissance departments.

While early efforts were hampered by the light loads carried, improved two-seat designs soon

appeared that were entirely practical.

It was not long before aircraft were shooting at each other, but the lack of any sort of steady

point for the gun was a problem. The French solved this problem when, in late 1914, Roland

Garros attached a fixed machine gun to the front of his plane, but it was Adolphe Pegoud who

would become known as the first "ace", getting credit for five victories, before also becoming the

first ace to die in action. Aviators were styled as modern day knights, doing individual combat

with their enemies. Several pilots became famous for their air to air combats; the most well-

known is Manfred von Richthofen, better known as the Red Baron, who shot down 80 planes in

air to air combat with several different planes, the most celebrated of which was the Fokker Dr.I.

On the Allied side, Ren Paul Fonck is credited with the most victories at 75. 1918 - 1939 (The

"Golden Age")

The years between World War I and World War II saw a large advancement in aircraft

technology. Aircraft evolved from being constructed of mostly wood and canvas to being

constructed almost entirely of aluminum. Engine development proceeded apace, with engines
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moving from in-line water cooled gasoline engines to rotary and radial air cooled engines, with a

commensurate increase in propulsive power. Pushing all of this forward were prizes for distance

and speed records. For example Charles Lindbergh took the Orteig Prize of $25,000 for his solo

non-stop crossing of the Atlantic, the first person to achieve this, although not the first to carry

out a non-stop crossing. That was achieved eight years earlier when Captain John Alcock and

Lieutenant Arthur Brown co-piloted a Vickers Vimy nonstop from St. John's, Newfoundland to

Clifden, Ireland on June 14, 1919, winning the 10,000 ($50,000) Northcliffe prize.

After WWI experienced fighter pilots were eager to show off their new skills. Many American

pilots became barnstormers, flying into small towns across the country and showing off their

flying abilities, as well as taking paying passengers for rides. Eventually the barnstormers

grouped into more organized displays. Air shows sprang up around the country, with air races,

acrobatic stunts, and feats of air superiority. The air races drove engine and airframe

development - the Schneider Trophy for example led to a series of ever faster and sleeker

monoplane designs culminating in the Supermarine S.6B, a direct forerunner of the Spitfire.

With pilots competing for cash prizes, there was an incentive to go faster. Amelia Earhart was

perhaps the most famous of those on the barnstorming/air show circuit. She was also the first

female pilot to achieve records such as crossing of the Atlantic and Pacific Oceans.

The first lighter-than-air crossings of the Atlantic were made by airship in July 1919 by His

Majesty's Airship R34 and crew when they flew from East Lothian, Scotland to Long Island,

New York and then back to Pulham, England. By 1929, airship technology had advanced to the

point that the first round-the-world flight was completed by the Graf Zeppelin in September and

in October; the same aircraft inaugurated the first commercial transatlantic service. However the

age of the dirigible ended in 1937 with the terrible fire aboard the Zeppelin Hindenburg. After

the now famous footage of the hydrogen-filled Hindenburg burning and crashing on the

Lakehurst, New Jersey, landing field, people stopped using airships, despite the fact that most

people on board survived. The Hindenburg, combined with the Winged Foot Express disaster

that occurred on 21 July, 1919, in Chicago, Illinois, in which 12 civilians died, started the demise
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of the airship. Flammable gas dirigibles did not burn and crash often, but when they did crash

they caused a disproportionate amount of destruction to the crash zone compared with the

aeroplanes of the time. It was more shock value than the number of fatalities that caused the

retirement of the world's airships. This may not have been the case had helium been available to

the Zeppelin Company. The United States, holder of the world's only reserves of helium at the

time, was loathe to supply it to the company, which was based in Germany.

17. In 1929 Jimmy Doolittle developed instrument flight.

In the 1930s development of the jet engine began in Germany and in England. In England Frank

Whittle patented a design for a jet engine in 1930 and began developing an engine towards the

end of the decade. In Germany Hans von Ohain patented his version of a jet engine in 1936 and

began developing a similar engine. The two men were unaware of each others work, and both

Germany and Britain had developed jet aircraft by the end of World War II.

18. 1939 - 1945: World War II

World War II saw a drastic increase in the pace of aircraft development and production. All

countries involved in the war stepped up development and production of aircraft and flight based

weapon delivery systems, such as the first long range bomber. Fighter escorts were critical to the

success of the heavy bombers, allowing much lower losses than would have been the case

without fighter protection against enemy fighters. The first functional jetplane was the Heinkel

He 178 (Germany), flown by Erich Warsitz in 1939 (a Coanda-1910 is said to have done a short

involuntary flight on 16 December 1910). The first cruise missile (V-1), the first ballistic missile

(V-2), and the first manned rocket Bachem Ba 349 were also developed by Germany. However,

jet fighters had limited impact due to their small numbers (worsened by shortages of fuel and

pilots late in the war), the V-1 was not very effective as it was slow and vulnerable, and the V-2

could not hit targets precisely enough to be militarily useful (relegating it to terrorizing civilian
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populations). The following table shows how aircraft production in the United States drastically

increased over the course of the war.

19. 1945 - 1991: The Cold War

After World War II commercial aviation grew rapidly, used mostly ex-military aircraft to

transport people and cargo. This growth was accelerated by the glut of heavy and super-heavy

bomber airframes like the B-29 and Lancaster that could be converted into commercial aircraft.

The DC-3 also made for easier and longer commercial flights. The first North American

commercial jet airliner to fly was the Avro C102 Jetliner in September 1949, shortly after the

British Comet. By 1952, the British state airline BOAC had introduced the De Havilland Comet

into scheduled service. While a technical achievement, the plane suffered a series of highly

public failures, as the shape of the windows led to cracks due to metal fatigue. The fatigue was

caused by cycles of pressurization and depressurization of the cabin, and eventually led to

catastrophic failure of the plane's fuselage. By the time the problems were overcome, other jet

airliner designs had already taken to the skies.

USSR's Aeroflot became the first airline in the world to operate sustained regular jet services on

15 September 1956 with the Tupolev Tu-104. Boeing 707, which established new levels of

comfort, safety and passenger expectations, ushered in the age of mass commercial air travel. In

October 1947 Chuck Yeager took the rocket powered Bell X-1 past the speed of sound. Although

anecdotal evidence exists that some fighter pilots may have done so while divebombing ground

targets during the war, this was the first controlled, level flight to cross the sound barrier. Further

barriers of distance fell in 1948 and 1952 with the first jet crossing of the Atlantic and the first

nonstop flight to Australia.

When the Soviet Union developed long-range bombers that could deliver nuclear weapons to

North America and Europe, Western countries responded with interceptor aircraft that could

engage and destroy the bombers before they reached their destination. The "minister-of-
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everything" C.D. Howe in the Canadian government was the key proponent of the Avro Arrow,

designed as a high-speed interceptor, reputedly the fastest aircraft in its time. However, by 1955,

most Western countries agreed that the interceptor age was replaced by guided missile age.

Consequently, the Avro Arrow project was eventually cancelled in 1959 under Prime Minister

John Diefenbaker. In 1961, the sky was no longer the limit for manned flight, as Yuri Gagarin

orbited once around the planet within 108 minutes, and then used the descent module of Vostok I

to safely reenter the atmosphere and reduce speed from Mach 25 using friction and converting

velocity into heat. This action further heated up the space race that had started in 1957 with the

launch of Sputnik 1 by the Soviet Union. The United States responded by launching Alan

Shepard into space on a suborbital flight in a Mercury space capsule. With the launch of the

Alouette I in 1963, Canada became the third country to send a satellite in space. The Space race

between the United States and the Soviet Union would ultimately lead to the landing of men on

the moon in 1969.

In 1967, the X-15 set the air speed record for an aircraft at 4,534 mph (7,297 km/h) or Mach 6.1

(7,297 km/h). Aside from vehicles designed to fly in outer space, this record was renewed by X-

43 in the 21st century. The Harrier Jump Jet, often referred to as just "Harrier" or "the Jump Jet",

is a British designed military jet aircraft capable of Vertical/Short Takeoff and Landing

(V/STOL) via thrust vectoring. It first flew in 1969. The same year that Neil Armstrong and

Buzz Aldrin set foot on the moon, and Boeing unveiled the Boeing 747 and the Arospatiale-BAC

Concorde supersonic passenger airliner had its maiden flight. The 747 plane was the largest

aircraft ever to fly, and still carries millions of passengers each year, though has been has been

superseded by the Airbus A380 which is capable of carrying up to 853 passengers. In 1975

Aeroflot started regular service on Tu-144 the first supersonic passenger plane. In 1976 British

Airways began supersonic service across the Atlantic, with Concorde. A few years earlier the

SR-71 Blackbird had set the record for crossing the Atlantic in under 2 hours, and Concorde

followed in its footsteps. The last quarter of the 20th century saw a slowing of the pace of

advancement. No longer was revolutionary progress made in flight speeds, distances and

technology. This part of the century saw the steady improvement of flight avionics, and a few

minor milestones in flight progress. For example, in 1979 the Gossamer Albatross became the
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first human powered aircraft to cross the English Channel. This achievement finally saw the

realization of centuries of dreams of human flight. In 1981, the Space Shuttle made its first

orbital flight, proving that a large rocket ship can take off into space, provide a pressurised life

support system for several days, and reenter the atmosphere at orbital speed, precision glide to a

runway and land like a plane. In 1986 Dick Rutan and Jeana Yeager flew an aircraft around the

world unrefuelled, and without landing. In 1999 Bertrand Piccard became the first person to

circle the earth in a balloon. Focus was turning to the ultimate conquest of space and flight at

faster than the speed of sound. The ANSARI X PRIZE inspired entrepreneurs and space

enthusiasts to build their own rocket ships to fly faster than sound and climb into the lower

reaches of space.

20. 2001-Future

In the beginning of the 21st century, subsonic aviation focused on eliminating the pilot in favor

of remotely operated or completely autonomous vehicles. Several Unmanned aerial vehicles or

UAVs have been developed. In April 2001 the unmanned aircraft Global Hawk flew from

Edwards AFB in the US to Australia non-stop and unrefuelled. This is the longest point-to-point

flight ever undertaken by an unmanned aircraft, and took 23 hours and 23 minutes. In October

2003 the first totally autonomous flight across the Atlantic by a computer-controlled model

aircraft occurred.

In commercial aviation, the early 21st century saw the end of an era with the retirement of

Concorde. Supersonic flight was not commercially viable, as the planes were required to fly over

the oceans if they wanted to break the sound barrier. Concorde also was fuel hungry and could

carry a limited amount of passengers due to its highly streamlined design. Nevertheless, it seems

to have made a significant operating profit for British Airways. The U.S. Centennial of Flight

Commission was established in 1999 to encourage the broadest national and international

participation in the celebration of 100 years of powered flight. It publicized and encouraged a

number of programs, projects and events intended to educate people about the history of

aviation.
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21. The challenge of peak oil

The first century of powered flight depended almost entirely on liquid fuels from petroleum, and

thus the growth of aviation symbolizes the petroleum age, a period during which petroleum

production and consumption enjoyed mostly steady exponential growth. While other major

forms of transportation (automobiles, trains, ships) also depend heavily on liquid fuels, aviation

is especially dependent because other available technologies for mobile energy (e.g., batteries)

are generally too heavy to be practical for flight.

Between 2003 and 2008, oil prices increased about sixfold. Unlike all previous instances of large

oil price increases, this time there were no substantial interruptions in world oil supplies, but

rather a failure by oil-exporting nations to increase their production enough to offset declines in

maturing oil fields, and to meet growing demand from large populations of new oil consumers in

vibrant economies such as China and India. This failure of supply to keep pace with demand has

led many researchers to declare that peak oil may have arrived, or its arrival may be imminent,

with the implication that oil prices may continue to increase, perhaps for years, and to

unprecedented levels. Petroleum price increases have a strong impact on commercial aviation. In

part because of its high per-passenger fuel consumption, the Concorde was only marginally

competitive even at a time when petroleum was relatively cheap. Subsonic jet travel uses less

fuel per passenger, but fuel cost represents a substantial fraction of the ticket price, and fuel price

increases make passenger travel more expensive. In the meantime, progress in technologies such

as videoconferencing continues to reduce the cost of virtual mobility alternatives to physical

travel, especially for business applications. Some oil-industry experts such as Matthew Simmons

have called for a widespread shift away from physical travel. The need to maintain aviation

applications considered essential (such as military aviation) has led to increased research into

alternate sources of liquid fuels for aviation, such as biofuels. Maintaining large production of

liquid fuels at affordable prices may emerge as a major challenge for aviation if world petroleum

production does in fact peak and go into irreversible decline as predicted by Hubbert peak

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

26
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



theory. High fuel prices may stimulate development of blended wing body aircraft due to their

higher fuel efficiency.

Topic Objective:

 At the end of this topic student will be able to understand:

 Latitude

 Longitude

 Modern technique

 Dead reckoning

 Piloting

 Celestial navigation

 Marine chronometer

 The marine sextant

 Inertial navigation

 Electronic navigation

 Radar navigation

 Satellite navigation

 Navigation processes

 Passage planning

 Integrated bridge systems

Definition/Overview:

Navigation: Navigation is the process of planning, reading, and controlling the movement of a

craft or vehicle from one place to another. The word navigate is derived from the Latin roots

navis meaning "ship" and agere meaning "to move" or "to direct." All navigational techniques

involve locating the navigator's position compared to known locations or patterns.
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Key Points:

1. Latitude

The latitude of a place on the earth's surface is the angular distance north or south of the

[equator]. Latitude is usually expressed in degrees (marked with ) ranging from 0 at the Equator

to 90 at the North and South poles. The latitude of the North Pole is 90 N, and the latitude of the

South Pole is 90 S. Historically, mariners calculated latitude in the Northern Hemisphere by

sighting the North Star Polaris with a sextant and sight reduction tables to take out error for

height of eye and atmospheric refraction. Generally, the height of Polaris in degrees of arc above

the horizon is the latitude of the observer.

2. Longitude

Similar to latitude, the longitude of a place on the earth's surface is the angular distance east or

west of the prime meridian or Greenwich meridian. Longitude is usually expressed in degrees

(marked with ) ranging from 0 at the Greenwich meridian to 180 east and west. Sydney,

Australia, for example, has a longitude of about 151 east. New York City has a longitude of

about 74 west. For most of history, mariners struggled to determine precise longitude. The

problem was solved with the invention of the marine chronometer. Longitude can be calculated

if the precise time of a sextant sighting is known.

3. Modern technique

Most modern navigation relies primarily on positions determined electronically by receivers

collecting information from satellites. Most other modern techniques rely on crossing lines of

position or LOP. A line of position can refer to two different things: a line on a chart and a line

between the observer and an object in real life. A bearing is a measure of the direction to an
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object. If the navigator measures the direction in real life, the angle can then be drawn on a

nautical chart and the navigator will be on that line on the chart. In addition to bearings,

navigators also often measure distances to objects. On the chart, a distance produces a circle or

arc of position. Circles, arcs, and hyperbolae of positions are often referred to as lines of

position. If the navigator draws two lines of position, and they intersect he must be at that

position. A fix is the intersection of two or more LOPs. If only one line of position is available,

this may be evaluated against the dead reckoning position to establish an estimated position.

Lines (or circles) of position can be derived from a variety of sources:

 celestial observation (a short segment of the circle of equal altitude, but generally

represented as a line),

 terrestrial range (natural or man made) when two charted points are observed to be in line

with each other,

 compass bearing to a charted object,

 radar range to a charted object,

 On certain coastlines, a depth sounding from echo sounder or hand lead line.

There are some methods seldom used today such as "dipping a light" to calculate the geographic

range from observer to lighthouse. Methods of navigation have changed through history. Each

new method has enhanced the mariners ability to complete his voyage. One of the most

important judgments the navigator must make is the best method to use. Some types of

navigation are depicted in the table.

4. Dead reckoning

Dead reckoning is the process of estimating present position by projecting course and speed

from a known past position. It is also used to predict a future position by projecting course and

speed from a known present position. The DR position is only an approximate position because it
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does not allow for the effect of leeway, current, helmsman error, compass error, or any other

external influences.

The navigator uses dead reckoning in many ways, such as:

 to determine sunrise and sunset,

 to predict landfall, sighting lights and arrival times,

 to evaluate the accuracy of electronic positioning information,

 to predict which celestial bodies will be available for future observation.

The most important use of dead reckoning is to project the position of the ship into the

immediate future and avoid hazards to navigation. The navigator carefully tends the DR plot,

updating it when required, and uses it to evaluate external forces acting on the ship. The

navigator also consults the DR plot to avoid navigation hazards. A fix taken at each DR position

will reveal the effects of current, wind, and steering error, and allow the navigator to stay on

track by correcting for them.

The use of DR when an Electronic Charts Display and Information System (ECDIS) is the

primary plotting method will vary with the type of system. An ECDIS allows the display of the

ships heading projected out to some future position as a function of time, the display of waypoint

information, and progress toward each waypoint in turn. Until ECDIS is proven to provide the

level of safety and accuracy required, the use of a traditional DR plot on paper charts is a prudent

backup, especially in restricted waters. Before the development of the lunar distance method or

the marine chronometer, dead reckoning was the primary method of determining longitude

available to mariners such as Christopher Columbus and John Cabot on their trans-Atlantic

voyages.

5. Piloting
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Piloting (also called pilotage) involves navigating a vessel in restricted waters and fixing its

position as precisely as possible at frequent intervals. More so than in other phases of navigation,

proper preparation and attention to detail are important. Procedures vary from vessel to vessel,

and between military, commercial, and private vessels. A military navigation team will nearly

always consist of several people. A military navigator might have bearing takers stationed at the

gyro repeaters on the bridge wings for taking simultaneous bearings, while the civilian navigator

must often take and plot them himself. While the military navigator will have a bearing book and

someone to record entries for each fix, the civilian navigator will simply plot the bearings on the

chart as they are taken and not record them at all.

If the ship is equipped with an ECDIS, it is reasonable for the navigator to simply monitor the

progress of the ship along the chosen track, visually ensuring that the ship is proceeding as

desired, checking the compass, sounder and other indicators only occasionally. If a pilot is

aboard, as is often the case in the most restricted of waters, his judgement can generally be relied

upon, further easing the workload. But should the ECDIS fail; the navigator will have to rely on

his skill in the manual and time-tested procedures.

6. Celestial navigation

Celestial navigation systems are based on observation of the positions of the Sun, Moon, Planets

and navigational stars. Such systems are in use as well for terrestrial navigating as for interstellar

navigating. By knowing which point on the rotating earth a celestial object is above and

measuring its height above the observer's horizon, the navigator can determine his distance from

that subpoint. A Nautical almanac and a chronometer are used to compute the subpoint on earth a

celestial body is over, and a sextant is used to measure the body's angular height above the

horizon. That height can then be used to compute distance from the subpoint to create a circular

line of position. A navigator shoots a number of stars in succession to give a series of

overlapping lines of position. Where they intersect is the celestial fix. The moon and sun may

also be used. The sun can also be used by itself to shoot a succession of lines of position (best

done around local noon) to determine a position.
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7. Marine chronometer

In order to accurately measure longitude, the precise time of a sextant sighting (down to the

second, if possible) must be recorded. The spring-driven marine chronometer is a precision

timepiece used aboard ship to provide accurate time for celestial observations. A chronometer

differs from a spring-driven watch principally in that it contains a variable lever device to

maintain even pressure on the mainspring, and a special balance designed to compensate for

temperature variations. A spring-driven chronometer is set approximately to Greenwich Mean

Time (GMT) and is not reset until the instrument is overhauled and cleaned, usually at three-year

intervals. The difference between GMT and chronometer time is carefully determined and

applied as a correction to all chronometer readings. Spring-driven chronometers must be wound

at about the same time each day.

Quartz crystal marine chronometers have replaced spring-driven chronometers aboard many

ships because of their greater accuracy. They are maintained on GMT directly from radio time

signals. This eliminates chronometer error and watch error corrections. Should the second hand

be in error by a readable amount, it can be reset electrically. The basic element for time

generation is a quartz crystal oscillator. The quartz crystal is temperature compensated and is

hermetically sealed in an evacuated envelope. A calibrated adjustment capability is provided to

adjust for the aging of the crystal. The chronometer is designed to operate for a minimum of 1

year on a single set of batteries. Observations may be timed and ships clocks set with a

comparing watch, which is set to chronometer time and taken to the bridge wing for recording

sight times. In practice, a wrist watch coordinated to the nearest second with the chronometer

will be adequate.

A stop watch, either spring wound or digital may also be used for celestial observations. In this

case, the watch is started at a known GMT by chronometer, and the elapsed time of each sight
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added to this to obtain GMT of the sight. All chronometers and watches should be checked

regularly with a radio time signal. Times and frequencies of radio time signals are listed in

publications such as Radio Navigational Aids.

8. The marine sextant

The second critical component of celestial navigation is to measure the angle formed at the

observer's eye between the celestial body and the sensible horizon. The sextant, an optical

instrument, is used to perform this function. The sextant consists of two primary assemblies. The

frame is a rigid triangular structure with a pivot at the top and a graduated segment of a circle,

referred to as the "arc", at the bottom. The second component is the index arm, which is attached

to the pivot at the top of the frame. At the bottom is an endless vernier which clamps into teeth

on the bottom of the "arc". The optical system consists of two mirrors and, generally, a low

power telescope. One mirror, referred to as the "index mirror" is fixed to the top of the index

arm, over the pivot. As the index arm is moved, this mirror rotates, and the graduated scale on

the arc indicates the measured angle ("altitude").

The second mirror, referred to as the "horizon glass", is fixed to the front of the frame. One half

of the horizon glass is silvered and the other half is clear. Light from the celestial body strikes

the index mirror and is reflected to the silvered portion of the horizon glass, then back to the

observer's eye through the telescope. The observer manipulates the index arm so the reflected

image of the body in the horizon glass is just resting on the visual horizon, seen through the clear

side of the horizon glass. Adjustment of the sextant consists of checking and aligning all the

optical elements to eliminate "index correction". Index correction should be checked, using the

horizon or more preferably a star, each time the sextant is used. The practice of taking celestial

observations from the deck of a rolling ship, often through cloud cover and with a hazy horizon,

is by far the most challenging part of celestial navigation.

9. Inertial navigation
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Inertial navigation is a dead reckoning type of navigation system that computes its position

based on motion sensors. Once the initial latitude and longitude is established, the system

receives impulses from motion detectors that measure the acceleration along three or more axes

enabling it continually and accurately to calculate the current latitude and longitude. Its

advantages over other navigation systems are that, once the starting position is set, it does not

require outside information, it is not affected by adverse weather conditions and it cannot be

detected or jammed by the enemy. The US Navy developed a Ships Inertial Navigation System

(SINS) during the Polaris missile program to insure a safe, reliable and accurate navigation

system for its missile submarines. Inertial navigation systems were in wide use until satellite

navigation systems (GPS) became available.

10. Electronic navigation

A radio direction finder or RDF is a device for finding the direction to a radio source. Due to

radio's ability to travel very long distances "over the horizon", it makes a particularly good

navigation system for ships and aircraft that might be flying at a distance from land. RDFs works

by rotating a directional antenna and listening for the direction in which the signal from a known

station comes through most strongly. This sort of system was widely used in the 1930s and

1940s. RDF antennas are easy to spot on German World War II aircraft, as loops under the rear

section of the fuselage, whereas most US aircraft enclosed the antenna in a small teardrop-

shaped fairing.

In navigational applications, RDF signals are provided in the form of radio beacons, the radio

version of a lighthouse. The signal is typically a simple AM broadcast of a morse code series of

letters, which the RDF can tune in to see if the beacon is "on the air". Most modern detectors can

also tune in any commercial radio stations, which is particularly useful due to their high power

and location near major cities. Decca, OMEGA, and LORAN-C are three similar hyperbolic

navigation systems. Decca was a hyperbolic low frequency radio navigation system (also known

as multilateration) that was first deployed during World War II when the Allied forces needed a

system which could be used to achieve accurate landings. As was the case with Loran C, its
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primary use was for ship navigation in coastal waters. Fishing vessels were major post-war users,

but it was also used on aircraft, including a very early (1949) application of moving-map

displays. The system was deployed in the North Sea and was used by helicopters operating to oil

platforms. After being shut down in the spring of 2000, it has been superseded by systems such

as the American GPS and the planned European Galileo positioning system.

The OMEGA Navigation System was the first truly global radio navigation system for aircraft,

operated by the United States in cooperation with six partner nations. OMEGA was developed

by the United States Navy for military aviation users. It was approved for development in 1968

and promised a true worldwide oceanic coverage capability with only eight transmitters and the

ability to achieve four mile accuracy when fixing a position. Initially, the system was to be used

for navigating nuclear bombers across the North Pole to Russia. Later, it was found useful for

submarines. Due to the success of the Global Positioning System the use of Omega declined

during the 1990s, to a point where the cost of operating Omega could no longer be justified.

Omega was terminated on September 30, 1997 and all stations ceased operation.

LORAN is a terrestrial navigation system using low frequency radio transmitters that use the

time interval between radio signals received from three or more stations to determine the position

of a ship or aircraft. The current version of LORAN in common use is LORAN-C, which

operates in the low frequency portion of the EM spectrum from 90 to 110 kHz. Many nations are

users of the system, including the United States, Japan, and several European countries. Russia

uses a nearly exact system in the same frequency range, called CHAYKA. LORAN use is in

steep decline, with GPS being the primary replacement. However, there are attempts to enhance

and re-popularize LORAN.

11. Radar navigation
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When a vessel is within radar range of land or special radar aids to navigation, the navigator can

take distances and angular bearings to charted objects and use these to establish arcs of position

and lines of position on a chart. A fix consisting of only radar information is called a radar fix.

Types of radar fixes include "range and bearing to a single object," "two or more bearings,"

"tangent bearings," and "two or more ranges." Parallel indexing is a technique defined by

William Burger in the 1957 book The Radar Observer's Handbook. This technique involves

creating a line on the screen that is parallel to the ship's course, but offset to the left or right by

some distance. This parallel line allows the navigator to maintain a given distance away from

hazards. Some techniques have been developed for special situations. One, known as the

"contour method," involves marking a transparent plastic template on the radar screen and

moving it to the chart to fix a position. Another special technique, known as the Franklin

Continuous Radar Plot Technique, involves drawing the path a radar object should follow on the

radar display if the ship stays on its planned course. During the transit, the navigator can check

that the ship is on track by checking that the pip lies on the drawn line.

12. Satellite navigation

Global Navigation Satellite System or GNSS is the term for satellite navigation systems that

provide positioning with global coverage. A GNSS allow small electronic receivers to determine

their location (longitude, latitude, and altitude) to within a few metres using time signals

transmitted along a line of sight by radio from satellites. Receivers on the ground with a fixed

position can also be used to calculate the precise time as a reference for scientific experiments.

As of 2007, the United States NAVSTAR Global Positioning System (GPS) is the only fully

operational GNSS. The Russian GLONASS is a GNSS in the process of being restored to full

operation. The European Union's Galileo positioning system is a next generation GNSS in the

initial deployment phase, scheduled to be operational in 2010. China has indicated it may expand

its regional Beidou navigation system into a global system. More than two dozen GPS satellites
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are in medium Earth orbit, transmitting signals allowing GPS receivers to determine the

receiver's location, speed and direction.

Since the first experimental satellite was launched in 1978, GPS has become an indispensable aid

to navigation around the world, and an important tool for map-making and land surveying. GPS

also provides a precise time reference used in many applications including scientific study of

earthquakes, and synchronization of telecommunications networks. Developed by the United

States Department of Defense, GPS is officially named NAVSTAR GPS (NAVigation Satellite

Timing and Ranging Global Positioning System). The satellite constellation is managed by the

United States Air Force 50th Space Wing. The cost of maintaining the system is approximately

US$750 million per year, including the replacement of aging satellites, and research and

development. Despite this fact, GPS is free for civilian use as a public good.

13. Navigation processes

The Day's work in navigation is a minimal set of tasks consistent with prudent navigation. The

definition will vary on military and civilian vessels, and from ship to ship, but takes a form

resembling:

 Maintain continuous dead reckoning plot.

 Take two or more star observations at morning twilight for a celestial fix. (prudent to

observe 6 stars)

 Morning sun observation. Can be taken on or near prime vertical for longitude, or at any

time for a line of position.

 Determine compass error by azimuth observation of the sun.

 Computation of the interval to noon, watch time of local apparent noon, and constants for

meridian or ex-meridian sights.

 Noontime meridian or ex-meridian observation of the sun for noon latitude line. Running

fixes or crosses with Venus line for noon fix.

 Noontime determination the day's run and days set and drifts.
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 At least one afternoon sun line, in case the stars are not visible at twilight.

 Determine compass error by azimuth observation of the sun.

 Take two or more star observations at evening twilight for a celestial fix. (prudent to

observe 6 stars)

14. Passage planning

Passage planning or voyage planning is a procedure to develop a complete description of

vessel's voyage from start to finish. The plan includes leaving the dock and harbor area, the

enroute portion of a voyage, approaching the destination, and mooring. According to

international law, a vessel's captain is legally responsible for passage planning, however on

larger vessels, the task will be delegated to the ship's navigator. Studies show that human error is

a factor in 80 percent of navigational accidents and that in many cases the human making the

error had access to information that could have prevented the accident. The practice of voyage

planning has evolved from penciling lines on nautical charts to a process of risk management.

Passage planning consists of four stages: appraisal, planning, execution, and monitoring, which

are specified in International Maritime Organization Resolution A.893(21), Guidelines For

Voyage Planning, and these guidelines are reflected in the local laws of IMO signatory countries

(for example, Title 33 of the U.S. Code of Federal Regulations), and a number of professional

books and publications. There are some fifty elements of a comprehensive passage plan

depending on the size and type of vessel.

The appraisal stage deals with the collection of information relevant to the proposed voyage as

well as ascertaining risks and assessing the key features of the voyage. In the next stage, the

written plan is created. The third stage is the execution of the finalised voyage plan, taking into

account any special circumstances which may arise such as changes in the weather, which may

require the plan to be reviewed or altered. The final stage of passage planning consists of
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monitoring the vessel's progress in relation to the plan and responding to deviations and

unforeseen circumstances.

15. Integrated bridge systems

Electronic integrated bridge concepts are driving future navigation system planning. Integrated

systems take inputs from various ship sensors, electronically display positioning information,

and provide control signals required to maintain a vessel on a preset course. The navigator

becomes a system manager, choosing system presets, interpreting system output, and monitoring

vessel response.

Topic Objective:

At the end of this topic student will be able to understand:

 Airport control

 Ground Control

 Local or Air Control

 Clearance delivery

 Approach and terminal control

 En-route, center, or area control

 General characteristics

 Radar coverage

 Flight traffic mapping

 Androecious - plants producing male

Definition/Overview:
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Air traffic control (ATC) is a service provided by ground-based controllers who direct aircraft on

the ground and in the air. The primary purpose of ATC systems worldwide is to separate aircraft

to prevent collisions, to organize and expedite the flow of traffic, and to provide information and

other support for pilots when able. In some countries, ATC may also play a security or defense

role (as in the United States), or actually be run entirely by the military (as in Brazil). Air traffic

control was first introduced at London's Cr oydon Airport in 1921. Archie League, who

controlled aircraft using colored flags at what is today Lambert-St. Louis International Airport, is

often considered the first air traffic controller. Preventing collisions is referred to as separation,

which is a term used to prevent aircraft from coming too close to each other by use of lateral,

vertical and longitudinal separation minima; many aircraft now have collision avoidance systems

installed to act as a backup to ATC observation and instructions. In addition to its primary

function, the ATC can provide additional services such as providing information to pilots,

weather and navigation information and NOTAMs (Notices to Airmen).

In many countries, ATC services are provided throughout the majority of airspace, and its

services are available to all users (private, military, and commercial). When controllers are

responsible for separating some or all aircraft, such airspace is called "controlled airspace" in

contrast to "uncontrolled airspace" where aircraft may fly without the use of the air traffic control

system. Depending on the type of flight and the class of airspace, ATC may issue instructions

that pilots are required to follow, or merely flight information (in some countries known as

advisories) to assist pilots operating in the airspace. In all cases, however, the pilot in command

has final responsibility for the safety of the flight, and may deviate from ATC instructions in an

emergency. To ensure communication, all pilots and all controllers everywhere are required to be

able to speak and understand English. While they may use any compatible language, English

must be used if requested. The native language for the region is normally used. FAA Control

Tower Operators (CTO)/Air Traffic Controllers use FAA Order 7110.65S as the authority for all

procedures regarding air traffic.
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Key Points:

1. Airport control

The primary method of controlling the immediate airport environment is visual observation

from the control tower. The tower is a tall, windowed structure located on the airport grounds.

Aerodrome or Tower controllers are responsible for the separation and efficient movement of

aircraft and vehicles operating on the taxiways and runways of the airport itself, and aircraft in

the air near the airport, generally 2 to 5 nautical miles (3.7 to 9.2 km) depending on the airport

procedures. Radar displays are also available to controllers at some airports. Controllers may use

a radar system called Secondary Surveillance Radar for airborne traffic approaching and

departing. These displays include a map of the area, the position of various aircraft, and data tags

that include aircraft identification, speed, heading, and other information described in local

procedures. The areas of responsibility for tower controllers fall into three general operational

disciplines; Ground Control, Local or Air Control, and Clearance Delivery -- other categories,

such as Apron Control or Ground Movement Planner, may exist at extremely busy airports.

While each tower's procedures will vary and while there may be multiple teams in larger towers

that control multiple runways, the following provides a general concept of the delegation of

responsibilities within the tower environment.

2. Ground Control

Ground Control (sometimes known as Ground Movement Control abbreviated to GMC or

Surface Movement Control abbreviated to SMC) is responsible for the airport "maneuvering"

areas, or areas not released to the airlines or other users. This generally includes all taxiways,

inactive runways, holding areas, and some transitional aprons or intersections where aircraft

arrive having vacated the runway and departure gates. Exact areas and control responsibilities are

clearly defined in local documents and agreements at each airport. Any aircraft, vehicle, or

person walking or working in these areas is required to have clearance from the ground

controller. This is normally done via VHF radio, but there may be special cases where other

processes are used. Most aircraft and airside vehicles have radios. Aircraft or vehicles without

radios will communicate with the tower via aviation light signals or will be led by vehicles with
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radios. People working on the airport surface normally have a communications link through

which they can reach or be reached by ground control, commonly either by handheld radio or

even cell phone. Ground control is vital to the smooth operation of the airport because this

position might constrain the order in which the aircraft will be sequenced to depart, which can

affect the safety and efficiency of the airport's operation.

Some busier airports have Surface Movement Radar (SMR), such as, ASDE-3, AMASS or

ASDE-X, designed to display aircraft and vehicles on the ground. These are used by the ground

controller as an additional tool to control ground traffic, particularly at night or in poor visibility.

There are a wide range of capabilities on these systems as they are being modernized. Older

systems will display a map of the airport and the target. Newer systems include the capability to

display higher quality mapping, radar target, data blocks, and safety alerts.

3. Local or Air Control

Local or Air Control (most often referred to as the generic "Tower" control, although Tower

control can also refer to a combination of the local, ground and clearance delivery positions) is

responsible for the active runway surfaces. The Air Traffic Control Tower clears aircraft for take

off or landing and ensures the runway is clear for these aircraft. If the tower controller detects

any unsafe condition, a landing aircraft may be told to "go-around" and be re-sequenced into the

landing pattern by the approach or terminal area controller.

Within the tower, a highly disciplined communications process between tower and ground

control is an absolute necessity. Ground control must request and gain approval from tower

control to cross any runway with any aircraft or vehicle. Likewise, tower control must ensure

ground control is aware of any operations that impact the taxiways and must work with the

approach radar controllers to ensure "holes" or "gaps" in the arrival traffic are created (where

necessary) to allow taxiing traffic to cross runways and to allow departing aircraft to take off.
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Crew Resource Management (CRM) procedures are often used to ensure this communication

process is efficient and clear, although this is not as prevalent as CRM for pilots.

4. Clearance delivery

Clearance delivery is the position that issues route clearances to aircraft before they commence

taxiing. These contain details of the route that the aircraft is expected to fly after departure. This

position will, if necessary, coordinate with the en-route center and national command center or

flow control to obtain releases for aircraft. Often however such releases are given automatically

or are controlled by local agreements allowing "free-flow" departures. When weather or

extremely high demand for a certain airport or airspace becomes a factor, there may be ground

"stops" (or "slot delays") or re-routes may be necessary to ensure the system does not get

overloaded. The primary responsibility of the clearance delivery position is to ensure that the

aircraft have the proper route and slot time. This information is also coordinated with the en-

route center and the ground controller in order to ensure the aircraft reaches the runway in time

to meet the slot time provided by the command center. At some airports the clearance delivery

controller also plans aircraft pushbacks and engine starts and is known as Ground Movement

Planner (GMP): this position is particularly important at heavily congested airports to prevent

taxiway and apron gridlock.

5. Approach and terminal control

Many airports have a radar control facility that is associated with the airport. In most countries,

this is referred to as Approach or Terminal Control; in the U.S., it is often still referred to as a

TRACON (Terminal Radar Approach Control) facility. While every airport varies, terminal

controllers usually handle traffic in a 30 to 50 nautical mile (56 to 93 km) radius from the airport.

Where there are many busy airports in close proximity, one single terminal control may service
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all the airports. The actual airspace boundaries and altitudes assigned to a terminal control are

based on factors such as traffic flows, neighboring airports and terrain, and vary widely from

airport to airport: a large and complex example is the London Terminal Control Centre which

controls traffic for five main London airports up to 20,000 feet (6,100 m) and out to 100+

nautical miles.

Terminal controllers are responsible for providing all ATC services within their airspace. Traffic

flow is broadly divided into departures, arrivals, and overflights. As aircraft move in and out of

the terminal airspace, they are handed off to the next appropriate control facility (a control tower,

an en-route control facility, or a bordering terminal or approach control). Terminal control is

responsible for ensuring that aircraft are at an appropriate altitude when they are handed off, and

that aircraft arrive at a suitable rate for landing.

Not all airports have a radar approach or terminal control available. In this case, the en-route

center or a neighboring terminal or approach control may co-ordinate directly with the tower on

the airport and vector inbound aircraft to a position from where they can land visually. At some

of these airports, the tower may provide a non-radar procedural approach service to arriving

aircraft handed over from a radar unit before they are visual to land. Some units also have a

dedicated approach unit which can provide the procedural approach service either all the time or

for any periods of radar outage for any reason.

6. En-route, center, or area control

ATC provides services to aircraft in flight between airports as well. Pilots fly under one of two

sets of rules for separation: Visual Flight Rules (VFR) or Instrument Flight Rules (IFR). Air

traffic controllers have different responsibilities to aircraft operating under the different sets of

rules. While IFR flights are under positive control, in the US VFR pilots can request flight

following, which provides traffic advisory services on a time permitting basis and may also

provide assistance in avoiding areas of weather and flight restrictions.
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En-route air traffic controllers issue clearances and instructions for airborne aircraft, and pilots

are required to comply with these instructions. En-route controllers also provide air traffic

control services to many smaller airports around the country, including clearance off of the

ground and clearance for approach to an airport. Controllers adhere to a set of separation

standards that define the minimum distance allowed between aircraft. These distances vary

depending on the equipment and procedures used in providing ATC services.

7. General characteristics

En-route air traffic controllers work in facilities called Area Control Centers, each of which is

commonly referred to as a "Center". The United States uses the equivalent term Air Route

Traffic Control Center (ARTCC). Each center is responsible for many thousands of square miles

of airspace (known as a Flight Information Region) and for the airports within that airspace.

Centers control IFR aircraft from the time they depart an airport or terminal area's airspace to the

time they arrive at another airport or terminal area's airspace. Centers may also "pick up" VFR

aircraft that are already airborne and integrate them into the IFR system. These aircraft must,

however, remain VFR until the Center provides a clearance.

Center controllers are responsible for climbing the aircraft to their requested altitude while, at the

same time, ensuring that the aircraft is properly separated from all other aircraft in the immediate

area. Additionally, the aircraft must be placed in a flow consistent with the aircraft's route of

flight. This effort is complicated by crossing traffic, severe weather, special missions that require

large airspace allocations, and traffic density. When the aircraft approaches its destination, the

center is responsible for meeting altitude restrictions by specific points, as well as providing

many destination airports with a traffic flow, which prohibits all of the arrivals being "bunched

together". These "flow restrictions" often begin in the middle of the route, as controllers will

position aircraft landing in the same destination so that when the aircraft are close to their

destination they are sequenced.
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As an aircraft reaches the boundary of a Center's control area it is "handed off" or "handed over"

to the next Area Control Center. In some cases this "hand-off" process involves a transfer of

identification and details between controllers so that air traffic control services can be provided

in a seamless manner; in other cases local agreements may allow "silent handovers" such that the

receiving center does not require any co-ordination if traffic is presented in an agreed manner.

After the hand-off, the aircraft is given a frequency change and begins talking to the next

controller. This process continues until the aircraft is handed off to a terminal controller

("approach").

8. Radar coverage

Since centers control a large airspace area, they will typically use long range radar that has the

capability, at higher altitudes, to see aircraft within 200 nautical miles (370 km) of the radar

antenna. They may also use TRACON radar data to control when it provides a better "picture" of

the traffic or when it can fill in a portion of the area not covered by the long range radar.

In the U.S. system, at higher altitudes, over 90% of the U.S. airspace is covered by radar and

often by multiple radar systems; however, coverage may be inconsistent at lower altitudes used

by unpressurized aircraft due to high terrain or distance from radar facilities. A center may

require numerous radar systems to cover the airspace assigned to them, and may also rely on

pilot position reports from aircraft flying below the floor of radar coverage. This results in a

large amount of data being available to the controller. To address this, automation systems have

been designed that consolidate the radar data for the controller. This consolidation includes

eliminating duplicate radar returns, ensuring the best radar for each geographical area is

providing the data, and displaying the data in an effective format.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

46
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Centers also exercise control over traffic travelling over the world's ocean areas. These areas are

also FIRs. Because there are no radar systems available for oceanic control, oceanic controllers

provide ATC services using procedural control. These procedures use aircraft position reports,

time, altitude, distance, and speed to ensure separation. Controllers record information on flight

progress strips and in specially developed oceanic computer systems as aircraft report positions.

This process requires that aircraft be separated by greater distances, which reduces the overall

capacity for any given route.

Some Air Navigation Service Providers (e.g Airservices Australia, The Federal Aviation

Administration, NAVCANADA, etc.) have implemented Automatic Dependent Surveillance -

Broadcast (ADS-B) as part of their surveillance capability. This new technology reverses the

radar concept. Instead of radar "finding" a target by interrogating the transponder. The ADS-

equipped aircraft sends a position report as determined by the navigation equipment on board the

aircraft. Normally, ADS operates in the "contract" mode where the aircraft reports a position,

automatically or initiated by the pilot, based on a predetermined time interval. It is also possible

for controllers to request more frequent reports to more quickly establish aircraft position for

specific reasons. However, since the cost for each report is charged by the ADS service providers

to the company operating the aircraft, more frequent reports are not commonly requested except

in emergency situations.. ADS are significant because it can be used where it is not possible to

locate the infrastructure for a radar system (e.g. over water). Computerized radar displays are

now being designed to accept ADS inputs as part of the display. This technology is currently

used in portions of the North Atlantic and the Pacific by a variety of States who share

responsibility for the control of this airspace.

9. Flight traffic mapping

The mapping of flights in real-time is based on the air traffic control system. In 1991, data on

the location of aircraft was made available by the Federal Aviation Administration to the airline

industry. The National Business Aviation Association (NBAA), the General Aviation

Manufacturers Association, the Aircraft Owners & Pilots Association, the Helicopter Association
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International, and the National Air Transportation Association petitioned the FAA to make ASDI

information available on a "need-to-know" basis. Subsequently, NBAA advocated the broad-

scale dissemination of air traffic data. The Aircraft Situational Display to Industry (ASDI)

system now conveys up-to-date flight information to the airline industry and the public. Three

companies distribute ASDI information, FlightExplorer, FlightView, and FlyteComm. Each

company maintains a website that provides free updated information to the public on flight

status. Stand-alone programs are also available for displaying the geographic location of airborne

IFR (Instrument Flight Rules) air traffic anywhere in the FAA air traffic system. Positions are

reported for both commercial and general aviation traffic. The programs can overlay air traffic

with a wide selection of maps such as, geo-political boundaries, air traffic control center

boundaries, high altitude jet routes, and satellite cloud and radar imagery.

In Section 2 of this course you will cover these topics:
Airport Air Traffic Control Communication Procedure And Phraseology

Air Traffic Control Procedure And Organization

Control Tower Procedure

You may take as much time as you want to complete the topic coverd in section 2.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to continue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later.

Topic Objective:

 At the end of this topic student will be able to understand:

 Voice procedure

 Radio

 Navigation
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 Radar

 Data (digital radio)

 Heating

 Amateur radio service

 Unlicensed radio services

 Radio control (RC)

 The electromagnetic spectrum

 Use of CPDLC

 Implementation

 Safety

Definition/Overview:

Controller Pilot Data Link Communications (CPDLC), also referred to as Controller Pilot Data

Link (CPDL) is a method by which air traffic controllers can communicate with pilots over a

datalink system. The standard method of communication between an air traffic controller and a

pilot is voice radio, using either VHF bands for line-of-sight communication or HF bands for

long-distance communication (such as that provided by Shanwick Oceanic Control).

One of the major problems with voice radio communications used in this manner is that all pilots

being handled by a particular controller are tuned to the same frequency. As the number of

flights air traffic controllers must handle is steadily increasing (for instance, Shanwick handled

391,273 flights in 2006, an increase of 5.4% - or 20,000 flights - from 2005), the number of

pilots tuned to a particular station also increases. This increases the chances that one pilot will

accidentally override another, thus requiring the transmission to be repeated. In addition, each

exchange between a controller and pilot requires a certain amount of time to complete;

eventually, as the number of flights being controlled reaches a saturation point, the controller

will not be able to handle any further aircraft.
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Traditionally, this problem has been countered by dividing a saturated Air Traffic Control sector

into two smaller sectors, each with their own controller and each using a different voice

communications channel. However, this strategy suffers from two problems:

 Each sector division increases the amount of "handover traffic". That is the overhead

involved in transferring a flight between sectors, which requires a voice exchange between the

pilot and both controllers, plus co-ordination between the controllers.

 The number of available voice channels is finite, and, in high density airspace, such as

central Europe or the Eastern Seaboard of the USA, there may not be a new channel available.

In some cases it may not be possible or feasible to further divide down a section. A new strategy

is needed to cope with increased demands on Air Traffic Control, and data link based

communications offers a possible strategy by increasing the effective capacity of the

communications channel.

Key Points:

1. Voice procedure

Voice procedure includes various techniques used to clarify, simplify and standardize spoken

communications over two-way radios, in use by the military, in civil aviation, police and fire

dispatching systems, citizens' band radio (CB), etc. Voice procedure communications are

intended to maximize clarity of spoken communication and reduce misunderstanding. It consists

of signaling protocol such as the use of abbreviated codes like the CB radio ten-code, Q codes in

amateur radio and aviation, police codes, etc., and jargon. Some elements of voice procedure are

understood across many applications, but significant variations exist. The military of the NATO

countries have similar procedures in order to make cooperation easier, and pseudo-military

organisations often base their procedures on them, so some commonality exists there. On the
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other hand, some elements of police codes are not necessarily standardized even within the same

jurisdiction, and using the less familiar codes can defeat the purpose of good communication.

2. Radio

Radio is the transmission of signals, by modulation of electromagnetic waves with frequencies

below those of visible light. Electromagnetic radiation travels by means of oscillating

electromagnetic fields that pass through the air and the vacuum of space. Information is carried

by systematically changing (modulating) some property of the radiated waves, such as

amplitude, frequency, or phase. When radio waves pass an electrical conductor, the oscillating

fields induce an alternating current in the conductor. This can be detected and transformed into

sound or other signals that carry information. James Clerk Maxwell, a Scottish scientist,

developed the theoretical basis for explaining electromagnetism. He predicted that electric and

magnetic fields can couple together to form electromagnetic waves. Heinrich Hertz, a German

scientist, is credited with being the first to produce and detect such waves at radio frequencies, in

1888, using a sparkgap transmitter in the Ultra High Frequency range. In 1893, Nikola Tesla, in

America, first demonstrated the feasibility of wireless communications. Guglielmo Marconi, an

Italian inventor, was one of the first to develop workable commercial radio communication. He,

and his supporters, long maintained that he sent and received his first radio signal in Italy in

1895.

3. Navigation

All satellite navigation systems use satellites with precision clocks. The satellite transmits its

position, and the time of the transmission. The receiver listens to four satellites, and can figure its

position as being on a line that is tangent to a spherical shell around each satellite, determined by

the time-of-flight of the radio signals from the satellite. A computer in the receiver does the

math. Radio direction-finding is the oldest form of radio navigation. Before 1960 navigators used

movable loop antennas to locate commercial AM stations near cities. In some cases they used
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marine radiolocation beacons, which share a range of frequencies just above AM radio with

amateur radio operators. Loran systems also used time-of-flight radio signals, but from radio

stations on the ground. VOR (Very High Frequency Omnidirectional Range), systems (used by

aircraft), have an antenna array that transmits two signals simultaneously. A directional signal

rotates like a lighthouse at a fixed rate. When the directional signal is facing north, an

omnidirectional signal pulses. By measuring the difference in phase of these two signals, an

aircraft can determine its bearing or radial from the station, thus establishing a line of position.

An aircraft can get readings from two VORs and locate its position at the intersection of the two

radials, known as a "fix." When the VOR station is collocated with DME (Distance Measuring

Equipment), the aircraft can determine its bearing and range from the station, thus providing a

fix from only one ground station. Such stations are called VOR/DMEs. The military operates a

similar system of navaids, called TACANs, which are often built into VOR stations. Such

stations are called VORTACs. Because TACANs include distance measuring equipment,

VOR/DME and VORTAC stations are identical in navigation potential to civil aircraft.

4. Radar

Radar (Radio Detection and Ranging) detects objects at a distance by bouncing radio waves off

them. The delay caused by the echo measures the distance. The direction of the beam determines

the direction of the reflection. The polarization and frequency of the return can sense the type of

surface. Navigational radars scan a wide area two to four times per minute. They use very short

waves that reflect from earth and stone. They are common on commercial ships and long-

distance commercial aircraft. General purpose radars generally use navigational radar

frequencies, but modulate and polarize the pulse so the receiver can determine the type of surface

of the reflector. The best general-purpose radars distinguish the rain of heavy storms, as well as

land and vehicles. Some can superimpose sonar data and map data from GPS position.

Search radars scan a wide area with pulses of short radio waves. They usually scan the area two

to four times a minute. Sometimes search radars use the Doppler Effect to separate moving

vehicles from clutter. Targeting radars use the same principle as search radar but scan a much
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smaller area far more often, usually several times a second or more. Weather radars resemble

search radars, but use radio waves with circular polarization and a wavelength to reflect from

water droplets. Some weather radar use the Doppler Effect to measure wind speeds.

5. Data (digital radio)

Most new radio systems are digital. The oldest form of digital broadcast was spark gap

telegraphy, used by pioneers such as Marconi. By pressing the key, the operator could send

messages in Morse code by energizing a rotating commutating spark gap. The rotating

commutator produced a tone in the receiver, where a simple spark gap would produce a hiss,

indistinguishable from static. Spark gap transmitters are now illegal, because their transmissions

span several hundred megahertz. This is very wasteful of both radio frequencies and power.

The next advance was continuous wave telegraphy, or CW (Continuous Wave), in which a pure

radio frequency, produced by a vacuum tube electronic oscillator was switched on and off by a

key. A receiver with a local oscillator would "heterodyne" with the pure radio frequency,

creating a whistle-like audio tone. CW uses less than 100 Hz of bandwidth. CW is still used,

these days primarily by amateur radio operators (hams). Strictly, on-off keying of a carrier

should be known as "Interrupted Continuous Wave" or ICW or on-off keying (OOK).

Radio teletypes usually operate on short-wave (HF) and are much loved by the military because

they create written information without a skilled operator. They send a bit as one of two tones.

Groups of five or seven bits become a character printed by a teletype. From about 1925 to 1975,

radio teletype was how most commercial messages were sent to less developed countries. These

are still used by the military and weather services.

Aircraft use a 1200 Baud radioteletype service over VHF to send their ID, altitude and position,

and get gate and connecting-flight data. Microwave dishes on satellites, telephone exchanges and
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TV stations usually use quadrature amplitude modulation (QAM). QAM sends data by changing

both the phase and the amplitude of the radio signal. Engineers like QAM because it packs the

most bits into a radio signal when given an exclusive (non-shared) fixed narrowband frequency

range. Usually the bits are sent in "frames" that repeat. A special bit pattern is used to locate the

beginning of a frame.

Communication systems that limit themselves to a fixed narrowband frequency range are

vulnerable to jamming. A variety of jamming-resistant spread spectrum techniques were initially

developed for military use, most famously for Global Positioning System satellite transmissions.

Commercial use of spread spectrum begins in the 1980s. Bluetooth, most cell phones, and the

802.11b version of Wi-Fi each use various forms of spread spectrum. Systems that need

reliability, or that share their frequency with other services, may use "coded orthogonal

frequency-division multiplexing" or COFDM. COFDM breaks a digital signal into as many as

several hundred slower subchannels. The digital signal is often sent as QAM on the subchannels.

Modern COFDM systems use a small computer to make and decode the signal with digital signal

processing, which is more flexible and far less expensive than older systems that implemented

separate electronic channels. COFDM resists fading and ghosting because the narrow-channel

QAM signals can be sent slowly. An adaptive system or one that sends error-correction codes

can also resist interference, because most interference can affect only a few of the QAM

channels. COFDM is used for WiFi, some cell phones, Digital Radio Mondiale, Eureka 147, and

many other local area network, digital TV and radio standards.

6. Heating

Radio-frequency energy generated for heating of objects is generally not intended to radiate

outside of the generating equipment, to prevent interference with other radio signals. Microwave

ovens use intense radio waves to heat food. Diathermy equipment is used in surgery for sealing

of blood vessels. Induction furnaces are used for melting metal for casting.
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7. Amateur radio service

Amateur radio is a hobby in which enthusiasts purchase or build their own equipment and use

radio for their own enjoyment. They may also provide an emergency and public-service radio

service. This has been of great use, saving lives in many instances. Radio amateurs are licensed

to use frequencies in a large number of narrow bands throughout the radio spectrum. They use all

forms of encoding, including obsolete and experimental ones. Several forms of radio were

pioneered by radio amateurs and later became commercially important including FM, single-

sideband (SSB), AM, digital packet radio and satellite repeaters. Some amateur frequencies may

be disrupted by power-line internet service.

8. Unlicensed radio services

Government-authorized personal radio services such as Citizens' Band Radio, Family Radio

Service, Multi-Use Radio Service and others exist in North America to provide simple, (usually)

short range communication for individuals and small groups, without the overhead of licensing.

Similar services exist in other parts of the world. These radio services involve the use of

handheld units. Unauthorized, unlicensed radio broadcasting is known as Free or pirate radio.

The main difference between the two is that a free radio station does not advertise or make any

money, while the Pirate station could not exist without adverts, payolas, etc.

9. Radio control (RC)

Radio remote controls use radio waves to transmit control data to a remote object as in some

early forms of guided missile, some early TV remotes and a range of model boats, cars and

airplanes. Large industrial remote-controlled equipment such as cranes and switching

locomotives now usually use digital radio techniques to ensure safety and reliability. In Madison

Square Garden, at the Electrical Exhibition of 1898, Nikola Tesla successfully demonstrated a

radio-controlled boat. He was awarded U.S. patent No. 613,809 for a "Method of and Apparatus

for Controlling Mechanism of Moving Vessels or Vehicles."
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10. The electromagnetic spectrum

Radio waves are a form of electromagnetic radiation, created whenever a charged object (in

normal radio transmission, an electron) accelerates with a frequency that lies in the radio

frequency (RF) portion of the electromagnetic spectrum. In radio, this acceleration is caused by

an alternating current in an antenna. Radio frequencies occupy the range from a few tens of hertz

to three hundred gigahertz, although commercially important uses of radio use only a small part

of this spectrum. Other types of electromagnetic radiation, with frequencies above the RF range,

are microwave, infrared, visible light, ultraviolet, X-rays and gamma rays. Since the energy of an

individual photon of radio frequency is too low to remove an electron from an atom, radio waves

are classified as non-ionizing radiation.

11. Use of CPDLC

Controller pilot data link communication (CPDLC) is a means of communication between

controller and pilot, using data link for ATC communication. At the highest level, the concept is

simple, with the emphasis on the continued involvement of the human at either end and the

flexibility of use. The CPDLC application provides air-ground data communication for the ATC

service. This includes a set of clearance/information/request message elements which correspond

to voice phraseology employed by Air Traffic Control procedures. The controller is provided

with the capability to issue level assignments, crossing constraints, lateral deviations, route

changes and clearances, speed assignments, radio frequency assignments, and various requests

for information. The pilot is provided with the capability to respond to messages, to request

clearances and information, to report information, and to declare/rescind an emergency. The pilot

is, in addition, provided with the capability to request conditional clearances (downstream) and

information from a downstream Air Traffic Service Unit (ATSU). A free text capability is also

provided to exchange information not conforming to defined formats. An auxiliary capability is

provided to allow a ground system to use data link to forward a CPDLC message to another

ground system.
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The sequence of messages between the controller at an ATSU and a pilot relating to a particular

transaction (for example request and receipt of a clearance) is termed a dialogue. There can be

several sequences of messages in the dialogue, each of which is closed by means of appropriate

messages, usually of acknowledgement or acceptance. Closure of the dialogue does not

necessarily terminate the link, since there can be several dialogues between controller and pilot

while an aircraft transits the ATSU airspace. All exchanges of CPDLC messages between pilot

and controller can be viewed as dialogues.

The CPDLC application has three primary functions:

 the exchange of controller/pilot messages with the current data authority,

 the transfer of data authority involving current and next data authority, and

 Downstream clearance delivery with a downstream data authority.

Simulations carried out at the Federal Aviation Administrations William J. Hughes Technical

Center have shown that the use of CPLDC meant that "the voice channel occupancy was

decreased by 75 percent during realistic operations in busy en route airspace. The net result of

this decrease in voice channel occupancy is increased flight safety and efficiency through more

effective communications."

12. Implementation

Today, there are two main implementations of CPDLC:

 the FANS-1/A System that was originally developed by Boeing, and later adopted by

Airbus, is primarily used in Oceanic Routes by widebodied long haul aircraft. Its original

deployment was in the South Pacific in the late 1990s and was later extended to the North

Atlantic. FANS-1/A is an ACARS based service and, given its Oceanic use, mainly uses Satellite

Communications provided by the Inmarsat Data-2 (Classic Aero) service.
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 the ICAO Doc9705 compliant ATN/CPDLC system, which is operational at

Eurocontrol's Maastricht Upper Airspace Control Centre and is now been extended by

Eurocontrol's LINK2000+ Programme to many other European Flight Information Regions

(FIRs). The VHF Digital Link (VDL) Mode 2 networks operated by ARINC and SITA are used

to support the European ATN/CPDLC service.

 The Maastricht UAC, controlling the upper airspace of Belgium, Germany and the

Netherlands

(above FL245) is currently still the only Air traffic control centre in busy central European

airspace which is offering CPDLC services on a 24/7 basis. Following the PETAL I and II

(Preliminary Eurocontrol Trial Air Ground Data link) trials in 1995 including NEAN (VDL

Mode), are today both ATN (VDl Mode 2) and FANS 1/a services supported. More than 40

major airlines participate in the CPDLC programme with Maastricht UAC, average end to end

response times (ATC-Cockpit-ATC) being well below 30 seconds. More than 30.000 LOG-ONs

were reported in 2007, leading to over 82.000 CPDLC Uplinks, each saving precious frequency

time.

ATC Clearance (ACL), Aircraft Communication Messages (ACM), and Check Mike (AMC)

services are supported including the automatic uplink of the SSR transponder code into the

cockpit. CPDLC will probably be a major enabler for following on projects as monitor message,

route clearance uplink, 2-4 D trajectories, continuous descent approaches, and constraint

coordination also.

13. Safety

All CPDLC deployments must be supported by an approved Safety Case demonstrating that all

Safety Objectives for the applicable Airspace have been met. EUROCAE ED-120 (RTCA DO-

290) is the Safety and Performances Requirements (SPR) for continental airspace and should be

consulted for the Safety Objectives relevant to the use of CPDLC in continental airspace.
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ED-120 provides a hazard analysis and identifies the hazards applicable to systems implementing

the ATC Services that CPDLC deployments are currently providing. It then derives the Safety

Objectives for such systems and the Safety Requirements with which they must comply.

Implementers of both ground and airborne systems must comply with these Safety Requirements

if their products are to be approved and/or certified for operational use.

Safety Objectives identified by ED-120 include the need to ensure that messages are neither

corrupted nor mis-delivered. Equally important is the need for accurate timestamping and the

rejection of out-of-date messages. A consequence of these requirements is the CPDLC

implementations, both on aircraft and at ATC Centers, must have access to an accurate clock (to

within 1 second of UTC time). For aircraft, this is typically provided by GPS.

Topic Objective:

At the end of this topic student will be able to understand:

 Service Units

 Acquisition and Business Services

 Communications Services

 En Route and Oceanic Services

 Finance Services

 NextGen and Operations Planning Services

 Safety Services

 System Operations Services

 Technical Operations Services

 Terminal Services

 ATO Strategy Map and SMP

 History

 hief Operating Officer
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 Facilities

 The ATO operates 315 air traffic control facilities.

 The William J. Hughes Technical Center

 Mike Monroney Aeronautical Center

 Next Generation Air Transportation System (NextGen)

 Androecious - plants producing male

Definition/Overview:

The Air Traffic Organization is the operations arm of the Federal Aviation Administration. ATO

is Americas air navigation service provider with the mission to provide the safest, most efficient

aerospace system in the world. Unlike most government agencies, the ATO is set up as a

performance-based organization whose customers are commercial and private aviation and the

military. ATO is made up of more than 35,000 controllers, technicians, engineers and support

personnel whose daily efforts keep the national airspace system moving. With more than 7,000

takeoffs and landings per hour, and more than 660 million passengers and 37 billion cargo

revenue ton miles of freight a year, the men and women of the ATO safely guide 50,000 aircraft

through the national airspace system every day.

Key Points:

1. Service Units

Nine service units make up the ATO:

 Acquisition and Business Services

 Communications Services

 En Route and Oceanic Services

 Finance Services
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 NextGen and Operations Planning Services

 Safety Services

 System Operations Services

 Technical Operations Services

 Terminal Services

2. Acquisition and Business Services

Acquisition and Business Services covers a broad range of responsibilities. The unit is

responsible for acquisition policy, contracting and quality assurance services. It also provides

information technology services and human resource management services. In addition, it

oversees flight services program operations, workforce development and controller training.

3. En Route and Oceanic Services

Air traffic controllers in En Route and Oceanic Services manage aircraft at the highest levels

over the U.S. and far out into the Atlantic and Pacific oceans. Controllers at 20 air route traffic

control centers coordinate with Terminal, Technical Operations and Systems Operations services

to provide seamless air traffic services. En Route and Oceanic Services provide safe, secure and

efficient air traffic services to ATO customers operating in the national airspace system, as well

as international airspace assigned to U.S. control.

 Works with Terminal, Technical Operations and Systems Operations Services to provide

seamless air traffic services that meet customer target levels of efficiency, safety and security.

 Creates validated operations and programmatic requirements for En Route and Oceanic

air traffic services that provide for the safe, secure and efficient use of navigable airspace.

 Establishes and maintains policies, standards and procedures to enable safe, secure and

efficient En Route and Oceanic operations.

 Maintains and reports on operational performance metrics and conducts trend analysis.
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En Route and Oceanic Services is nearly 9,000 people strong. In 2006 we supported 47 million

operations in the national airspace system. We are responsible for controlling more than 5.6

million square miles of airspace in the U.S. and more than 24.6 million square miles of airspace

over the oceans. This includes control of traffic in the South Pacific to the Northern Polar

Routes, the North Atlantic, the Caribbean and the Gulf of Mexico. We interface with more than

18 air navigation service providers.

4. Finance Services

Finance Services is in charge of financial metrics, comparative analysis productivity measures,

business case evaluation and competitive sourcing. Their management has helped the ATO

establish credibility with Congress and enabled the performance-based organization to deliver

services to customers more efficiently.

5. NextGen and Operations Planning Services

NextGen and Operations Planning works to get the ATO ready for the air traffic of tomorrow

and the strategies and solutions that achieve national and international goals by taking the lead

on developing the Next Generation Air Transportation System.

6. Safety Services

Safety Services monitors the ATOs transcendent level of safety by tracking, reporting and

analyzing performance. It also develops policies, processes and training for safety improvement.

7. System Operations Services
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System Operations is responsible for traffic flow management, real-time evaluation of air traffic

control services and coordination with other government agencies on air transportation security

issues. System Operations roles:

 Holds ATO authority for policy, technical standards and procedures for overall national

directives on air traffic procedures and airspace matters

 Traffic flow management for the NAS

 Real-time evaluation of air traffic control services

 ATO interface with Department of Defense and Department of Homeland Security

regarding Air *Transportation security issues

 Focal point for customer interaction

 ATO point of contact for litigation stemming from aircraft accidents or incidents

involving employees of the ATO

 Requirements for weather observation and reporting standards in accordance with

National Weather Service standards

8. Technical Operations Services

More than 9,000 Technical Operations employees make sure that more than 41,000 pieces of

equipment operate every day.

9. Terminal Services

Air traffic controllers in Terminal Services are positioned in TRACONs and airport towers to

safely and efficiently guide aircraft in and out of airports across the country.

10. ATO Strategy Map and SMP

The Air Traffic Organization Strategy indicates where the ATO is going, how its going to get

there, who is involved, and how it all fits together. While the ATO has adopted the Strategic

Management Process (SMP), a proven business management concept used by high-performing
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corporations, it is not a fill-in-the-blanks template. Rather,the SMP is a framework that the ATO

can use to effectively formulate and implement its strategy. Part of the process is the

visualization of the critical drivers of success in the form of a Strategy Map.

The ATOs Executive Council has developed four strategic pathways. Each pathway is a cluster

of related objectives that are important to the ATOs Owners (Congress, the Office of

Management and Budget, and the Office of the Secretary of Transportation), Customers

(commercial and cargo airlines, business aviation, general aviation and military aviation), the

Processes needed to meet customer needs and owner expectations, and the Employee and

technical capabilities that must be developed for the internal processes to work well. As the

Strategy Map demonstrates, employee metrics go across all the pathways. A critical component

of the ATOs strategy is change, which is necessary to meet the objectives of the organization and

prepare the FAA, the ATO and its employees for the transition to NextGen programs.

11. History

The Air Traffic Organization was created as the operations arm of the FAA by executive order

of President Bill Clinton in December 2000 to apply businesslike practices to the delivery of air

traffic services. A few months later Congress passed enabling legislation which laid the

foundation for the creation of a performance-based organization to manage the national airspace

system, and the hiring of a chief operating officer to lead it.

The FAA began designing the ATO in 2001 but was delayed by the impact of 9/11.

Implementation began in 2003 and Russell Chew, a former American Airlines pilot and system

operations manager, was hired in August. The official formation of the ATO was announced in

November 2003. Chew resigned in February 2007. FAA Deputy Administrator Bobby Sturgell

was appointed acting chief operating officer of the ATO during a search for a replacement. Hank

Krakowski became the ATO's Chief Operating Officer on October 1, 2007.
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12. Chief Operating Officer

Krakowski became the ATO's Chief Operating Officer on October 1, 2007. In support of acting

FAA Administrator Bobby Sturgell, Krakowski oversees the agency's day-to-day operations,

capital programs and modernization efforts. Krakowski brings a wealth of air traffic operational

expertise and aviation safety experience to the ATO. His proven leadership qualities shone

through in nearly 30 years with United Airlines, the last year as vice president of Flight

Operations where he was responsible for flight operations, flight training and standards,

technology and labor relations.

Previously Krakowski served as vice president of Corporate Safety, Security and Quality

Assurance, responsible for managing all aspects of corporate and flight safety, security and

regulatory compliance. That role covered environmental and occupational safety and all counter-

terrorism and corporate security programs. He also oversaw United's corporate emergency

response programs and internal evaluation programs. On 9/11 Krakowski was in charge of

Uniteds Operations Control as director of Flight Operations Control.

Krakowski is a 737 captain and has also flown the Boeing 747 and 727 as well as the Douglas

DC-10 and DC-8. He is also an experienced aircraft dispatcher and certified as an airframe and

power-plant mechanic. For the past two years, Krakowski has served as co-chair of the

Commercial Aviation Safety Team. He has also been chairman of the Star Alliance Safety

Advisory Group and a member of the Air Transport Association Safety Council.

This job also involved coordination with the FAA and other government agencies involved in

transportation. He also held numerous positions with the Air Line Pilots Association and worked

for Midway Airlines and Air Illinois Airlines and flies as a formation aerobatic pilot. Krakowski
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holds a master's degree in business and management from National-Louis University and a

bachelor's degree in aircraft maintenance engineering from St. Louis University.

13. Facilities

The Air Traffic Organization is composed of 35,000 professional employees committed to

providing safe and efficient air traffic control services. Many of these employees, including more

than 14,000 air traffic controllers,5,000 air traffic supervisors and air traffic managers,1,100

engineers and 6,100 maintenance technicians, directly serve our customers.

Some 8,000 additional employees work in a wide variety of professions to sustain the smooth

operations of the ATO every day of the year. These employees research, plan and build air traffic

control equipment and programs; manage payroll and benefits programs; provide procurement

service for both the ATO and the FAA at large; maintain productive relationships with the

aviation industry and the general public; and ensure that the environment and ATO employees

are protected. Without the professional performance of the men and women of the ATO, the

$340 billion per year U.S. aviation industry would not function.

14. The ATO operates 315 air traffic control facilities.

14.1 Types of Facilities:

14.1.1. Airport Traffic Control Towers
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Each major airport maintains a control tower which houses air traffic controllers who

monitor all aircraft taxiing, taking off and landing at that airport. They own the airspace

up to 3,000 feet above the airport and a radius of five miles around the airport. Tower

controllers have three different positions through which each rotate during their shift

assignment: clearance delivery, ground control and local control.

14.1.2. Air Traffic Control System Command Center (ATCSCC)

The Command Center exercises command, control and oversight of air traffic activity

within the NAS. The facility, located in northern Virginia, coordinates all air traffic

movement, both civil and military, in domestic and oceanic airspace. Its staff strategically

manages air traffic to minimize delays and congestion, while maximizing the overall use

of the NAS. Decisions are carried out in cooperation with airline personnel, traffic

management specialists and controllers at affected facilities.

14.1.3. Air Route Traffic Control Centers (ARTCCs)

The airspace over the U.S. is divided into 21 large areas (20 are in the contiguous U.S.

plus Alaska). These centers are designated with a three-letter identifier starting with the

letter Z, such as ZSE and ZDC for Seattle and Washington. Center controllers monitor

aircraft in the en route phase of its flight. They receive traffic from TRACONs and hand

off traffic to TRACONs

14.1.4. Terminal Radar Approach Control Facilities (TRACONs)

Controllers in TRACONs monitor aircraft in the departure, descent and approach phases

of a flight. Each TRACON can handle air traffic for several different airports in its

vicinity. Recently, TRACONs in major metropolitan areas have been consolidated to

handle many busy airports from a single facility. Consolidated TRACONs include
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Potomac Consolidated TRACON, New York TRACON, Boston Consolidated TRACON,

Southern California TRACON and Northern California TRACON.

14.1.5. Combined Center Radar Approach Control (CERAPs)

The FAA has a number of CERAPS, essentially a cross between a Center and a

TRACON.

15. The William J. Hughes Technical Center

The William J. Hughes Technical Center is the nation's premier aviation research and

development, and test and evaluation facility. The Technical Center serves as the national

scientific test base for the FAA. Technical Center programs include testing and evaluation in air

traffic control, communications, navigation, airports, aircraft safety, and security. They also

include long-range development of innovative aviation systems and concepts, development of

new air traffic control equipment and software, and modification of existing systems and

procedures. The Technical Center not only serves as a cornerstone for aviation advancements,

but is also a key focal point for Homeland Security.

16. Mike Monroney Aeronautical Center

The FAA Mike Monroney Aeronautical Center in Oklahoma City is best known for the FAA

Academy, which provides technical and managerial training and development for the FAA

workforce and the aviation community. Notably, the Academy trains new air traffic controllers.

The Aeronautical Center also houses the Civil Aerospace Medical Institute, which is involved in

such diverse aviation matters as drop-down oxygen masks, emergency lighting, water evacuation

plans and crash tests; the FAA Logistics Center, which offers repair and technical support for air

traffic control equipment and aircraft for the U.S. and 44 other countries; the Transportation

Safety Institute, which examines aviation safety; and the Civil Aviation Registry, which records

every privately owned U.S. plane and licensed pilot.
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17. Next Generation Air Transportation System (NextGen)

The future of U.S. aviation is the Next Generation Air Transportation System, or NextGen. In

the 21st century, the growing global demand for aviation, development of new and exciting

airborne vehicles, and security and environmental concerns, are going to require a new kind of

aviation system. Thats why there is a concerted effort by the United States to design, plan and

build NextGen. NextGen is a wide-ranging transformation of the entire national air

transportation system not just certain pieces of it to meet future demands and avoid gridlock in

the sky and at airports. State-of-the-art technology, new procedures, and new airport

infrastructure will allow the U.S. Federal Aviation Administration (FAA) to safely handle

dramatic increases in the number and type of aircraft, without being overwhelmed by congestion.

NextGen is a curb-to-curb transformation of the U.S. air transportation system. This

transformation involves going from todays ground-based, human-dependent communications,

navigation, and surveillance system to one that takes advantage of satellite navigation and

surveillance, digital communications and advanced networking. It shifts some decision-making

from the ground to the cockpit. NextGen is consistent with the FAAs mission to maintain the

safest, most efficient national airspace system possible. The FAA does this by enforcing aviation

safety regulations, and certifying 320,000 aircraft and over 700,000 pilots. The FAA provides air

traffic control services, handling about 55,000 flights per day, and serving over 700 million

passengers a year. NextGen through Multi-Agency Involvement As part of the NextGen effort,

the FAA is working closely with several government agencies that make up the Joint Planning

and Development Office. JPDO includes the U.S. departments of Transportation, Defense,

Homeland Security and Commerce; the White House Office of Science and Technology Policy;

and the National Aeronautics and Space Administration. NextGen cannot be realized by

government efforts alone. More than 200 industry members are involved at every stage of

NextGens development through the NextGen Institute. This is an unprecedented government-

industry partnership on such a large-scale initiative.

Topic Objective:
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 At the end of this topic student will be able to understand:

 Traffic

 Call signs

 Technology

 Major accidents

 Air navigation service providers (ANSPs) and traffic service providers (ATSPs)

Definition/Overview:

A control tower, or more specifically an air traffic control tower, is the name of the airport

building from which the air traffic control unit controls the movement of aircraft on and around

the airport. Most of the world's airports are non-towered or mandatory frequency only a minority

of airports has enough traffic to justify a control tower, though some airports may open

temporary tower units during special events like the Oshkosh Airshow. Permanent control tower

structures generally rise high above other buildings at an airport to give air traffic controllers a

view of aircraft moving on the ground and in the air around the airport, though temporary tower

units may operate from trailers or even portable radios outside. Medium-traffic airports may have

only one controller staffing the control tower, and may not keep the tower open 24 hours per day.

Busier airports usually have space for several controllers and other support staff, and operate 24

hours per day, 365 days per year.

Key Points:

1. Traffic

The day-to-day problems faced by the air traffic control system are primarily related to the

volume of air traffic demand placed on the system, and weather. Several factors dictate the

amount of traffic that can land at an airport in a given amount of time. Each landing aircraft must
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touch down, slow, and exit the runway before the next crosses the end of the runway. This

process requires at least one and up to four minutes for each aircraft. Allowing for departures

between arrivals, each runway can thus handle about 30 arrivals per hour. A large airport with

two arrival runways can handle about 60 arrivals per hour in good weather. Problems begin when

airlines schedule more arrivals into an airport than can be physically handled, or when delays

elsewhere cause groups of aircraft that would otherwise be separated in time to arrive

simultaneously. Aircraft must then be delayed in the air by holding over specified locations until

they may be safely sequenced to the runway. Up until the 1990s, holding, which has significant

environmental and cost implications, was a routine occurrence at many airports. Advances in

computers now allow the sequencing of planes hours in advance. Thus, planes may be delayed

before they even take off (by being given a "slot"), or may reduce power in flight and proceed

more slowly thus significantly reducing the amount of holding.

2. Weather

Beyond runway capacity issues, weather is a major factor in traffic capacity. Rain or ice and

snow on the runway cause landing aircraft to take longer to slow and exit, thus reducing the safe

arrival rate and requiring more space between landing aircraft. Fog also requires a decrease in the

landing rate. These, in turn, increase airborne delay for holding aircraft. If more aircraft are

scheduled than can be safely and efficiently held in the air, a ground delay program may be

established, delaying aircraft on the ground before departure due to conditions at the arrival

airport. In Area Control Centers, a major weather problem is thunderstorms, which present a

variety of hazards to aircraft. Aircraft will deviate around storms, reducing the capacity of the

en-route system by requiring more space per aircraft, or causing congestion as many aircraft try

to move through a single hole in a line of thunderstorms. Occasionally weather considerations

cause delays to aircraft prior to their departure as routes are closed by thunderstorms. Much

money has been spent on creating software to streamline this process. However, at some ACCs,

air traffic controllers still record data for each flight on strips of paper and personally coordinate

their paths. In newer sites, these flight progress strips have been replaced by electronic data

presented on computer screens. As new equipment is brought in, more and more sites are

upgrading away from paper flight strips.
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3. Call signs

A prerequisite to safe air traffic separation is the assignment and use of distinctive call signs.

These are permanently allocated by ICAO (pronounced "eye-kay-oh") on request usually to

scheduled flights and some air forces for military flights. They are written callsigns with 3-letter

combination like KLM, AAL, SWA, BAW , DLH followed by the flight number, like AAL872,

BAW018. As such they appear on flight plans and ATC radar labels. There are also the audio or

Radio-telephony callsigns used on the radio contact between pilots and Air Traffic Control not

always identical with the written ones. For example BAW stands for British Airways but on the

radio you will only hear the word Speedbird instead. By default, the callsign for any other flight

is the registration number (tail number) of the aircraft, such as "N12345" or "C-GABC". The

term tail number is because a registration number is usually painted somewhere on the tail of a

plane, yet this is not a rule. Registration numbers may appear on the engines, anywhere on the

fuselage, and often on the wings. The short Radio-telephony callsigns for these tail numbers is

the first letter followed by the last two, like C-BC spoken as Charlie-Bravo-Charlie for C-GABC

or the last 3 letters only like ABC spoken Alpha-Bravo-Charlie for C-GABC or the last 3

numbers like 345 spoken as tree-fower-fife for N12345. In the United States the abbreviation of

callsigns is required to be a prefix (such as aircraft type, aircraft manufacturer, or first letter of

registration) followed by the last three characters of the callsign. This abbreviation is only

allowed after communications has been established in each sector.

The flight number part is decided by the aircraft operator. In this arrangement, an identical call

sign might well be used for the same scheduled journey each day it is operated, even if the

departure time varies a little across different days of the week. The call sign of the return flight

often differs only by the final digit from the outbound flight. Generally, airline flight numbers

are even if eastbound, and odd if westbound. In order to reduce the possibility of two callsigns

on one frequency at any time sounding too similar, a number of airlines, particularly in Europe,

have started using alphanumeric callsigns that are not based on flight numbers. For example

DLH23LG, spoken as lufthansa-two-tree-lima-golf. Additionally it is the right of the air traffic
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controller to change the 'audio' callsign for the period the flight is in his sector if there is a risk of

confusion, usually choosing the tail number instead. Before around 1980 IATA and ICAO were

using the same 2-letter callsigns. Due to the larger number of new airlines after deregulation

ICAO established the 3-letter callsigns as mentioned above. The IATA callsigns are currently

used in aerodromes on the announcement tables but never used any longer in Air Traffic Control.

For example, AA is the IATA callsign for the ICAO ATC equivalent AAL. Other examples

include LY/ELY for El Al, DL/DAL for Delta Air Lines, LH/DLH for Lufthansa etc.

4. Technology

Many technologies are used in air traffic control systems. Primary and secondary radar are used

to enhance a controller's "situational awareness" within his assigned airspace all types of aircraft

send back primary echoes of varying sizes to controllers' screens as radar energy is bounced off

their skins, and transponder-equipped aircraft reply to secondary radar interrogations by giving

an ID (Mode A), an altitude (Mode C) and/or a unique callsign (Mode S). Certain types of

weather may also register on the radar screen. These inputs, added to data from other radars, are

correlated to build the air situation. Some basic processing occurs on the radar tracks, such as

calculating ground speed and magnetic headings. Other correlations with electronic flight plans

are also available to controllers on modern operational display systems.

Some tools are available in different domains to help the controller further:

 Conflict Alert (CA): a tool that checks possible conflicting trajectories and alerts the

controller. The most common used is the STCA (Short Term CA) that is activated about 2

minutes prior the loss of separation. The algorithms used may also provide in some systems a

possible vectoring solution, that is, the way to turn or descend/climb the aircraft in order to avoid

infringing the minimum safety distance or altitude clearance.

 Minimum Safe Altitude Warning (MSAW): a tool that alerts the controller if an aircraft

appears to be flying too low to the ground or will impact terrain based on its current altitude and

heading.
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 System Coordination (SYSCO) to enable controller to negotiate the release of flights

from one sector to another.

 Area Penetration Warning (APW) to inform a controller that a flight will penetrate a

restricted area.

 Arrival and Departure manager to help sequence the takeoff and landing of aircraft.

 Converging Runway Display Aid (CRDA) enables Approach controllers to run two final

approaches that intersect and make sure that go arounds are minimized

 Center TRACON Automation System (CTAS) is a suite of human centered decision

support tools developed by NASA Ames Research Center. Several of the CTAS tools have been

field tested and transitioned to the FAA for operational evaluation and use. Some of the CTAS

tools are: Traffic Management Advisor (TMA), passive Final Approach Spacing Tool (pFAST),

Collaborative Arrival Planning (CAP), Direct-To (D2), En Route Descent Advisor (EDA),and

Multi Center TMA.

 Traffic Management Advisor (TMA), a CTAS tool, is an en route decision support tool

that automates time based metering solutions to provide an upper limit of aircraft to a TRACON

from the Center over a set period of time. Schedules are determined that will not exceed the

specified arrival rate and controllers use the scheduled times to provide the appropriate delay to

arrivals while in the en route domain. This results in an overall reduction in en route delays and

also moves the delays to more efficient airspace (higher altitudes) than occur if holding near the

TRACON boundary is required to not overload the TRACON controllers. TMA is operational at

most en route air route traffic control centers (ARTCCs) and continues to be enhanced to address

more complex traffic situations (e.g. Adjacent Center Metering (ACM) and En Route Departure

Capability (EDC)) passive Final Approach Spacing Tool (pFAST), a CTAS tool, provides

runway assignment and sequence number advisories to terminal controllers to improve the

arrival rate at congested airports. pFAST was deployed and operational at five US TRACONs

before being cancelled. NASA research included an Active FAST capability that also provided

vector and speed advisories to implement the runway and sequence advisories.

 User Request Evaluation Tool (URET) takes paper strips out of the equation for En Route

controllers at ARTCCs by providing a display that shows all aircraft that are either in or

currently routed into the sector. URET provides conflict advisories up to 30 minutes in advance

and has a suite of assistance tools that assist in evaluating resolution options and pilot requests.
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 Mode S: provides a data downlink of flight parameters via Secondary Surveillance

Radars allowing radar processing systems and therefore controllers to see various data on a

flight, including airframe unique id, indicated airspeed and flight director selected level, amongst

others.

 CPDLC: Controller Pilot Data Link Communications allows digital messages to be sent

between controllers and pilots, avoiding the need to use radiotelephony. It is especially useful in

areas where difficult-to-use HF radiotelephony was previously used for communication with

aircraft, e.g oceans. This is currently in use in various parts of the world including the Atlantic

and Pacific oceans.

 ADS-B: Automatic Dependent Surveillance Broadcast provides a data downlink of

various flight parameters to air traffic control systems via the Transponder (1090 MHz) and

reception of those data by other aircraft in the vicinity. The most important is the aircraft's

latitude, longitude and level: such data can be utilized to create a radar-like display of aircraft for

controllers and thus allows a form of pseudo-radar control to be done in areas where the

installation of radar is either prohibitive on the grounds of low traffic levels, or technically not

feasible (e.g. oceans). This is currently in use in Australia and parts of the Pacific Ocean and

Alaska.

 The Electronic Flight Strip system (e-strip): A system of electronic flight strips replacing

the old paper strips developed by NAV CANADA, Frequentis, Avibit, SAAB etc. E-strips

allows controllers to manage electronic flight data online using touch-sensitive display screens

resulting in system feed of clearances, fewer manual functions and a greater focus on safety. The

NAV CANADA system has been sold to the Air Navigation Services Providers in the United

Kingdom and Denmark.

 The Departure Manager (DMAN): A system aid for the ATC at airports, that calculates a

planned departure flow with the goal to maintain an optimal throughput at the runway, reduce

queuing at holding point and distribute the information to various stakeholders at the airport (i.e.

the airline, ground handling and Air Traffic Control (ATC)). The tool is developed to give

substantial environmental and safety benefits in peak hour operation.

5. Major accidents
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Failures in the system have caused delays; in some cases failures cause crashes. The most recent

crash happened on September 29, 2006 near Alta Floresta, over the Amazon in Brazil, when Gol

Transportes Areos Flight 1907 hit a private Embraer Legacy jet, which belonged to the American

company ExcelAire and was being flown by two American pilots going at the opposite direction.

On July 1, 2002 a Tupolev Tu-154 and Boeing 757 collided above berlingen near the boundary

between German and Swiss-controlled airspace when a Skyguide-employed controller, unaware

that the flight was receiving instruction from the on-board automatic Traffic Collision Avoidance

System software to climb, instructed the southbound Tupolev to descend. While the northbound

Boeing followed their TCAS prompt to descend, the Tupolev followed the controller's

instruction. The result was a mid-air collision in which all passengers and crew on both flights

died. Skyguide company publicity had previously acknowledged that the relatively small size of

Swiss airspace makes real-time cross-boundary liaison with adjoining authorities particularly

important.. As of 2007 air traffic controllers have no way of knowing if or when the TCAS

system is issuing resolution advisories to pilots. They also do not know what the advisory is

telling the pilots. Therefore, pilots are supposed to immediately follow TCAS resolution

advisories and report them as soon as possible. Consequently, they should ignore ATC

instructions until they have reported to the ground that they are clear of the conflict.

The deadliest mid-air crash, the 1996 Charkhi Dadri mid-air collision over India, partly resulted

from the fact that the New Delhi-area airspace was shared by departures and arrivals, when in

most cases departures and arrivals would use separate airspaces. Other fatal collisions between

airliners have occurred over Namibia and former Yugoslavia. When a risk of collision is

identified by aircrew or ground controllers an "air miss" or "air prox" (air proximity) report can

be filed with the air traffic control authority concerned. The deadliest collision between airliners

took place on the ground, on March 27, 1977, in what is known as the Tenerife disaster. The

FAA has spent over USD$3 billion on software, but a fully-automated system is still over the

horizon. In 2002 the UK brought a new area control centre into service at Swanwick, in

Hampshire, relieving a busy suburban centre at West Drayton in Middlesex, north of London

Heathrow Airport. Software from Lockheed-Martin predominates at Swanwick. The Swanwick
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facility, however, was initially been troubled by software and communications problems causing

delays and occasional shutdowns.

6. Air navigation service providers (ANSPs) and traffic service providers (ATSPs)

An Air Navigation Service Provider The air navigation service provider is the authority directly

responsible for providing both visual and non-visual aids to navigation within a specific airspace

in compliance with, but not limited to, International Civil Aviation Organization (ICAO)

Annexes 2, 6, 10 and 11; ICAO Documents 4444 and 9426; and, other international, multi-

national, and national policy, agreements or regulations. An Air Traffic Service Provider is the

relevant authority designated by the State responsible for providing air traffic services in the

airspace concerned where airspace is classified as Type A through G airspace. Air traffic service

is a generic term meaning variously, flight information service, alerting service, air traffic

advisory service, air traffic control service (area control service, approach control service or

aerodrome control service). Both ANSPs and ATSPs can be public, private or corporatized

organisations and examples of the different legal models exist throughout the world today. The

world's ANSPs are united in and represented by the Civil Air Navigation Services Organisation

based at Amsterdam Airport Schiphol in the Netherlands. The regulatory function remains the

responsibility of the State and can be exercised by Government and/or independent Safety,

Airspace and Economic Regulators depending on the national institutional arrangements.

In Section 3 of this course you will cover these topics:
Non-Radar En Route And Terminal Separation

Theory And Fundamentals Of Rader Operations

Radar Separation

You may take as much time as you want to complete the topic coverd in section 3.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to continue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later.
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Topic Objective:

At the end of this topic student will be able to understand:

 Separation

 Techniques of Procedural Control

 Procedural approaches

 Airspace capacity

 Waypoints and GPS

 Waypoints without GPS

 Waypoints and SMS

 Waypoints and aviation

Definition/Overview:

Procedural control is a method of providing air traffic control services without the use of radar. It

is used in regions of the world, specifically sparsely-populated land areas and oceans, where

provision of contiguous radar cover is either prohibitively expensive or is simply not feasible. It

also may be used at very low-traffic airports, or at other airports at night when the traffic levels

may not justify staffing the radar control positions, or as a back-up system in the case of radar

failure.

Key Points:

1. Separation
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In air traffic control, the risk of aircraft colliding is managed by applying separation rules. These

rules require aircraft to be separated by either a minimum vertical distance, or, if for some reason

they cannot be separated vertically, by a minimum horizontal distance defined by various means.

One of the means of determining horizontal separation is by a controller observing the radar

returns of the aircraft to be at least a minimum horizontal distance apart. This is the essence of

radar control and is probably the form of air traffic control most familiar to lay people. However

in times gone by radar was not very common, and in certain parts of the world today it still is not

common, on grounds of cost or technical feasibility. Procedural control is a form of air traffic

control that can be provided to aircraft in regions without radar, by providing horizontal

separation based upon time, the geography of pre-determined routes, or aircraft position reports

based upon ground-based navigation aids, for those aircraft that are not vertically separated.

2. Techniques of Procedural Control

The central rule of procedural control is that each aircraft is cleared onto a predetermined route

(airway), and no aircraft traveling on the same or intersecting routes at the same level shall come

within 10 minutes' flying time of another (or sometimes 15 minutes depending on the accuracy

of the available radio navigation beacons). Using procedural control, the controller must

maintain a mental picture of the location of aircraft based on each aircraft's flight progress strip,

which contains its route, altitude and estimated times over reporting points. That information is

compared against all other aircraft in the sector to determine if there are any conflicts. For

aircraft that conflict, the controller issues an altitude, speed or routing change that both separates

the conflicting aircraft from each other, while still remaining separated from all others. After all

conflicts have been resolved in this way, the sector is considered "separated" and the controller

only needs to check again for conflicts when new aircraft are added, if an aircraft needs to

change its altitude, or if the aircraft reaches a reporting point significantly earlier or later than

previously estimated. There are two main techniques controllers use to organize flight progress

strips in order to best detect conflicts: grouped together by altitude, or grouped together by route

intersection points (fix posting area). Altitude grouping is the easiest and most common method

when most aircraft in the sector tend to be level at a cruising altitude, such as in trans-oceanic

sectors. Each aircraft's strip is placed in a "bay" (labeled section of the strip rack) depending on
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its altitude. Because aircraft cruising at different altitudes will never conflict regardless of route

of flight or estimated times, they don't need to be checked against each other. Only aircraft at the

same altitude (i.e. in the same bay) need to be further evaluated. If an aircraft needs to transition

to a new altitude (whether changing cruising level, or descending to or climbing from an airport),

it only needs to be checked against others in the bays between the current altitude and destination

altitude.

The fix posting area method is easier however when there are a lot of altitudes changes because

of numerous departures and arrivals within the sector. This is a more obscure method today

because most airports around the world with significant enough traffic to warrant this technique

have at least a radar covering the climbout and arrival area, and only need procedural control for

points between (in which case altitude grouping is likely more efficient). Nevertheless, the fix

posting area method was the main technique used in U.S. enroute system prior to the 1960's, for

example, when enroute radar became more widespread. This method was evolved from similar

techniques used in railroad dispatch. It simplifies conflict detection because aircraft on different

routes can only possibly conflict at intersection points with other routes, or with aircraft on the

same route. Each intersection point ("fix posting area") in the sector is made into a separate bay

on the strip rack, and multiple strips are printed for each aircraft, one per bay. The controller then

sorts strips within each bay by the estimated time the aircraft is expected over that point. Only

aircraft estimated to cross within 10 minutes of each other are considered possible conflicts, at

which point altitudes are then compared to determine if there actually is a conflict. Aircraft on

the same route however (in either direction) must be checked for conflict regardless of time over

the intersection. As new altitudes are issued, all of the strips for that aircraft must be noted with

the new data and separation checked again at all of the intersections it passes through. This is

more laborious than the altitude method of grouping where only one strip is needed, but possible

conflicts between multiple aircraft climbing and descending are easier to discern or discard this

way since all intersection points and times are precalculated and laid out separately. With the

altitude grouping method, if two aircraft are determined to conflict based on altitude, the

controller must then manually determine the intersection points and times to further determine or

rule out the conflict.
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3. Procedural approaches

Every runway used by IFR aircraft normally has a procedural approach defined and published.

This generally involves the aircraft flying over a navaid (or 'beacon') on or close to the airport

(where the aircraft can hold if necessary), flying away from the airport on a set track whilst

descending (going 'beacon outbound'), then at some point approximately ten miles from the

airport turning back towards the airport aligned with the runway to make an approach (becoming

'inbound track established' or just 'established'). In procedural approach control, separation is

maintained by only allowing one aircraft to be making an approach at any one time -- the

proceeding aircraft must either be in visual contact by the airport's control tower, or have

reported that it has landed before the next aircraft is allowed to leave the hold and commence the

approach. At airports equipped with radar, procedural approaches are only normally used in the

event of an aircraft suffering a radio failure, or for training purposes. At non-radar airports or

when radar is not available, these become the only means of IFR flights making approaches to

the airport. At some non-radar airports the procedural approach may be combined with

aerodrome control, thus providing a control service for all aircraft at the airport, and all in and

outbound flights within its terminal airspace. As most aircraft will be flying to/or from the same

point within this airspace (i.e. the airport), procedural controllers use a variety of separation

standards to achieve a safe and expeditious flow of air traffic to and/or from the airport. One

commonly used separation in these locations is track separation, which states that two aircraft on

different tracks to/from a navigational aid will be separated from each other provided at least one

is a minimum distance from the navaid. The distance needed will vary dependent on how far

apart the tracks are. For example, two aircraft on tracks that are 60 apart do not have to be far

from the navaid to be clear of each other in comparison to two aircraft whose tracks are, say 13

apart.

4. Airspace capacity

En-route jet aircraft tend to fly at roughly 8nm per minute: therefore 10-15 minutes' flying time

separation using procedural control would equate to around 80-120nm distance between aircraft

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

81
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



at the same altitude. This contrasts with standard separation on radar whilst en-route, which is

only 5nm. Likewise a typical procedural approach might allow one aircraft to land only every 5-

10 minutes, whereas with radar this could be less than one landing every 90 seconds. It is

therefore easy to see what a large increase in airspace capacity the provision of radar-based air

traffic control gives.

5. Waypoints and GPS

GPS systems are increasingly used to create and use waypoints in navigation of all kinds. A

typical GPS receiver can locate a waypoint with an accuracy of three meters or better when used

with land-based assisting technologies such as the Wide Area Augmentation System (WAAS).

Waypoints can also be marked on a computer mapping program and uploaded to the GPS

receiver, marked on the receiver's own internal map, or entered manually on the device as a pair

of coordinates. If the GPS receiver has track-logging capabilities, one can also define waypoints

after the fact from where one has been. For example, marine GPS receivers often have a man

overboard function, which instantly creates a waypoint in the receiver for the boat's position

when enabled and then begins displaying the distance and course back to that position. In GPS

navigation, a route is usually defined as a series of two or more waypoints. To follow such a

route, the GPS user navigates to the nearest waypoint, then to the next one in turn until the

destination is reached. Most receivers have the ability to compute a great circle route towards a

waypoint, enabling them to find the shortest route even over long distances, although waypoints

are often so closely spaced that this isn't a factor. Many GPS receivers, both military and civilian,

now offer integrated cartographic databases (also known as base maps), allowing users to locate

a point on a map and define it as a waypoint. Some GPS systems intended for automobile

navigation can generate a suggested driving route between two waypoints, based on the

cartographic database. As one drives along the route, the system indicates the driver's current

location and gives advance notice of upcoming turns. The best of these systems can take into

account traffic restrictions such as one-way streets and intersections where left or right turns are

prohibited when computing the suggested driving route.
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Most GPS receivers allow the user to assign a name to each waypoint. Many models also let the

user select a symbol or icon to identify the waypoint on a graphical map display from a built-in

library of icons. These include standard map symbols for marine navigation aids such as buoys,

marinas and anchorages, as well as such land-based symbols as churches, bridges, shopping

centers, parks, and tunnels. GPS receivers used in air or marine navigation may contain large

databases of standard, named waypoints that can be used to coordinate navigation with other

aircraft or ships in the area. Some receivers are integrated into autopilots or flight management

systems that will pilot an aircraft or ship along a planned route without human intervention. The

routing information for the flight plans used in modern aviation often consists of a list of the

waypoints that the flight will follow. Most waypoints used by aviation GPS receivers correlate

with waypoints established on charts and other navigational documentation.

6. Waypoints without GPS

Waypoints can be used with other navigational aids besides GPS, although the concept been

greatly popularized among non-specialists by the development of the GPS. In aerial celestial

navigation, waypoints are precomputed along an aircraft's great circle route to divide the flight

into rhumb lines and allow celestial fixes to be more rapidly taken using the pre-computed

intercept method. In air navigation, waypoints are sometimes defined as intersections between

two VOR radials, or in terms of specific distances and headings towards or away from a radio

beacon. For visual air navigation, waypoints may be directly associated with distinctive features

on the ground that are easily identifiable from aircraft, such as stadiums, power plants,

racetracks, etc. Temporary waypoints are sometimes defined as traffic requires, e.g., air-traffic

controllers may instruct a pilot to reference a terrain feature at your ten o'clock position, two

miles.

7. Waypoints and aviation
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In aviation, area navigation (RNAV)a method of navigation that permits aircraft operation on

any desired flight path within the coverage of station−referenced navigation aids or within the

limits of the capability of self contained aids, or a combination of theserelies heavily upon

waypoints. RNAV is increasingly used as the primary method of navigation for aircraft. In the

RNAV context, a waypoint is a predetermined geographical position that is defined in terms of

latitude/longitude coordinates (altitude is ignored). Waypoints may be a simple named point in

space or may associated with existing navigational aids, intersections, or fixes. A waypoint is

most often used to indicate a change in direction, speed, or altitude along the desired path.

Aviation RNAV procedures make use of both fly−over and fly−by waypoints. A fly-over

waypoint is a waypoint that must be crossed vertically by an aircraft. A fly-by waypoint is a

waypoint that marks the intersection of two straight paths, with the transition from one path to

another being made by the aircraft using a precisely calculated turn that flies by but does not

vertically cross the waypoint.

8. Waypoints and SMS

Establishing waypoints in real-time and transmitting them via GSM cellular telephone networks

using the Short Message Service (SMS) is referred to as Gps2sms. Some vehicles and vessels are

equipped with hardware that is able to automatically send an SMS text message when a

particular event happens, such as theft or anchor drift. The receiving party can ring an alert sound

or store the waypoint in a computer system or draw a map indicating the location. Recreational

use of GPS2SMS is used by travelers who want to show their digital breadcrumbs on a map.

Topic Objective:

At the end of this topic student will be able to understand:

 Distance measurement

 Radar engineering

 Radar functions and roles

 Application considerations
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Definition/Overview:

This long-range radar antenna, known as ALTAIR, is used to detect and track space objects in

conjunction with ABM testing at the Ronald Reagan Test Site on the Kwajalein atoll. This long-

range radar antenna, known as ALTAIR, is used to detect and track space objects in conjunction

with ABM testing at the Ronald Reagan Test Site on the Kwajalein atoll. Radar is a system that

uses electromagnetic waves to identify the range, altitude, direction, or speed of both moving and

fixed objects such as aircraft, ships, motor vehicles, weather formations, and terrain. The term

RADAR was coined in 1941 as an acronym for Radio Detection and Ranging. The term has

since entered the English language as a standard word, radar, losing the capitalization. Radar was

originally called RDF (Radio Direction Finder) in the United Kingdom. A radar system has a

transmitter that emits either radio waves or (more usually these days) microwaves that are

reflected by the target and detected by a receiver, typically in the same location as the

transmitter. Although the signal returned is usually very weak, the signal can be amplified. This

enables radar to detect objects at ranges where other emissions, such as sound or visible light,

would be too weak to detect. Radar is used in many contexts, including meteorological detection

of precipitation, measuring ocean surface waves, air traffic control, police detection of speeding

traffic, and by the military.

Key Points:

1. Distance measurement

1.1. Transit time
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One way to measure the distance to an object is to transmit a short pulse of radio signal

(electromagnetic radiation), and measure the time it takes for the reflection to return. The

distance is one-half the product of round trip time (because the signal has to travel to the

target and then back to the receiver) and the speed of the signal. Since radio waves travel at

the speed of light (186,000 miles per second or 300,000,000 meters per second), accurate

distance measurement requires high-performance electronics. In most cases, the receiver does

not detect the return while the signal is being transmitted. Through the use of a device called

a duplexer, the radar switches between transmitting and receiving at a predetermined rate.

The minimum range is calculated by measuring the length of the pulse multiplied by the

speed of light, divided by two. In order to detect closer targets one must use a shorter pulse

length. A similar effect imposes a maximum range as well. If the return from the target

comes in when the next pulse is being sent out, once again the receiver cannot tell the

difference. In order to maximize range, one wants to use longer times between pulses, or

commonly referred to as a pulse repetition time (PRT), or its inverse, pulse repetition

frequency (PRF). These two effects tend to be at odds with each other, and it is not easy to

combine both good short range and good long range in single radar. This is because the short

pulses needed for a good minimum range broadcast have less total energy, making the

returns much smaller and the target harder to detect. This could be offset by using more

pulses, but this would shorten the maximum range again. So each radar uses a particular type

of signal. Long-range radars tend to use long pulses with long delays between them, and

short range radars use smaller pulses with less time between them. This pattern of pulses and

pauses is known as the pulse repetition frequency (or PRF), and is one of the main ways to

characterize a radar. As electronics have improved many types of radar now can change their

PRF thereby changing their range. The newest radars actually fire 2 pulses during one cell,

one for short range 10 km / 6 miles and a separate signal for longer ranges 100 km /60 miles.

The distance resolution and the characteristics of the received signal as compared to noise

depend heavily on the shape of the pulse. The pulse is often modulated to achieve better

performance thanks to a technique known as pulse compression. Distance may also be

measured as a function of time. The Radar Mile is the amount of time it takes for a radar

pulse to travel one Nautical Mile, reflect off a target, and return to the radar antenna. Since a

Nautical Mile is defined as exactly 1,852 meters, then dividing this distance by the speed of
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light (exactly 299,792,458 meters per second), and then multiplying the result by 2 (round

trip = twice the distance), yields a result of approximately 12.36 microseconds in duration.

1.2. Frequency modulation

Another form of distance measuring radar is based on frequency modulation. Frequency

comparison between two signals is considerably more accurate, even with older electronics,

than timing the signal. By changing the frequency of the returned signal and comparing that

with the original, the difference can be easily measured. This technique can be used in

continuous wave radar, and is often found in aircraft radar altimeters. In these systems a

"carrier" radar signal is frequency modulated in a predictable way, typically varying up and

down with a sine wave or sawtooth pattern at audio frequencies. The signal is then sent out

from one antenna and received on another, typically located on the bottom of the aircraft, and

the signal can be continuously compared using a simple beat frequency modulator that

produces an audio frequency tone from the returned signal and a portion of the transmitted

signal.

Since the signal frequency is changing, by the time the signal returns to the aircraft the

broadcast has shifted to some other frequency. The amount of that shift is greater over longer

times, so greater frequency differences mean a longer distance, the exact amount being the

"ramp speed" selected by the electronics. The amount of shift is therefore directly related to

the distance traveled, and can be displayed on an instrument. This signal processing is similar

to that used in speed detecting Doppler radar. Example systems using this approach are

AZUSA, MISTRAM, and UDOP. A further advantage is that the radar can operate

effectively at relatively low frequencies, comparable to that used by UHF television. This

was important in the early development of this type when high frequency signal generation

was difficult or expensive.

1.3. Speed measurement
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Speed is the change in distance to an object with respect to time. Thus the existing system

for measuring distance, combined with a memory capacity to see where the target last was, is

enough to measure speed. At one time the memory consisted of a user making grease-pencil

marks on the radar screen, and then calculating the speed using a slide rule. Modern radar

systems perform the equivalent operation faster and more accurately using computers.

However, if the transmitter's output is coherent (phase synchronized), there is another effect

that can be used to make almost instant speed measurements (no memory is required), known

as the Doppler Effect. Most modern radar systems use this principle in the pulse-Doppler

radar system. Return signals from targets are shifted away from this base frequency via the

Doppler Effect enabling the calculation of the speed of the object relative to the radar. The

Doppler Effect is only able to determine the relative speed of the target along the line of sight

from the radar to the target. Any component of target velocity perpendicular to the line of

sight cannot be determined by using the Doppler Effect alone, but it can be determined by

tracking the target's azimuth over time. Additional information of the nature of the Doppler

returns may be found in the radar signal characteristics article. It is also possible to make a

radar without any pulsing, known as a continuous-wave radar (CW radar), by sending out a

very pure signal of a known frequency. CW radar is ideal for determining the radial

component of a target's velocity, but it cannot determine the target's range. CW radar is

typically used by traffic enforcement to measure vehicle speed quickly and accurately where

range is not important.

1.4. Reduction of interference effects

Signal processing is employed in radar systems to reduce the radar interference effects.

Signal processing techniques include moving target indication (MTI), pulse Doppler, moving

target detection (MTD) processors, correlation with secondary surveillance radar (SSR)

targets, space-time adaptive processing (STAP), and track-before-detect (TBD). Constant

false alarm rate (CFAR) and digital terrain model (DTM) processing are also used in clutter

environments.
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1.5. Plot And Track Extraction

Radar video returns on aircraft can be subjected to a plot extraction process whereby

spurious and interfering signals are discarded. A sequence of target returns can be monitored

through a device known as a plot extractor. The non relevant real time returns can be

removed from the displayed information and a single plot displayed. A sequence of plots can

then be monitored and a 'track' formed, thus easing the identification of a genuine aircraft

target through unwanted and non relevant radar returns.

2. Radar engineering

Radar has different components:

 A transmitter that generates the radio signal with an oscillator such as a klystron or a

magnetron and controls its duration by a modulator.

 A waveguide that links the transmitter and the antenna.

 A duplexer that serves as a switch between the antenna and the transmitter or the receiver

for the signal when the antenna is used in both situations.

 A receiver. Knowing the shape of the desired received signal (a pulse), an optimal

receiver can be designed using a matched filter.

 An electronic section that controls all those devices and the antenna to perform the radar

scan ordered by software.

 A link to end users.

2.1. Antenna design

Radio signals broadcast from a single antenna will spread out in all directions, and likewise

a single antenna will receive signals equally from all directions. This leaves the radar with

the problem of deciding where the target object is located. Early systems tended to use omni-

directional broadcast antennas, with directional receiver antennas which were pointed in
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various directions. For instance the first system to be deployed, Chain Home, used two

straight antennas at right angles for reception, each on a different display. The maximum

return would be detected with an antenna at right angles to the target, and a minimum with

the antenna pointed directly at it (end on). The operator could determine the direction to a

target by rotating the antenna so one display showed a maximum while the other shows a

minimum. One serious limitation with this type of solution is that the broadcast is sent out in

all directions, so the amount of energy in the direction being examined is a small part of that

transmitted. To get a reasonable amount of power on the "target", the transmitting aerial

should also be directional.

2.2. Parabolic reflector

More modern systems use a steerable parabolic "dish" to create a tight broadcast beam,

typically using the same dish as the receiver. Such systems often combine two radar

frequencies in the same antenna in order to allow automatic steering, or radar lock.

 Parabolic reflectors can be either symmetric parabolas or spoiled parabolas:

 Symmetric parabolic antennas produce a narrow "pencil" beam in both the X and Y

dimensions and consequently have a higher gain. The NEXRAD Pulse-Doppler weather radar

uses a symmetric antenna to perform detailed volumetric scans of the atmosphere.

 Spoiled parabolic antennas produce a narrow beam in one dimension and a relatively

wide beam in the other. This feature is useful if target detection over a wide range of angles is

more important than target location in three dimensions. Most 2D surveillance radars use a

spoiled parabolic antenna with a narrow azimuthal beamwidth and wide vertical beamwidth.

This beam configuration allows the radar operator to detect an aircraft at a specific azimuth but

at an indeterminate height. Conversely, so-called "nodder" height finding radars use a dish with a

narrow vertical beamwidth and wide azimuthal beamwidth to detect an aircraft at a specific

height but with low azimuthal precision.

2.3. Types of scan
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 Primary Scan: A scanning technique where the main antenna aerial is moved to produce a

scanning beam, examples include circular scan, sector scan etc

 Secondary Scan: A scanning technique where the antenna feed is moved to produce a

scanning beam, examples include conical scan, unidirectional sector scan, lobe switching etc.

 Palmer Scan: A scanning technique that produces a scanning beam by moving the main

antenna and its feed. A Palmer Scan is a combination of a Primary Scan and a Secondary Scan.

2.4. Slotted waveguide

Applied similarly to the parabolic reflector, the slotted waveguide is moved mechanically to

scan and is particularly suitable for non-tracking surface scan systems, where the vertical

pattern may remain constant. Owing to its lower cost and less wind exposure, shipboard,

airport surface, and harbour surveillance radars now use this in preference to the parabolic

antenna.

2.5. Phased array

Another method of steering is used in phased array radar. This uses an array of similar

aerials suitably spaced, the phase of the signal to each individual aerial being controlled so

that the signal is reinforced in the desired direction and cancels in other directions. If the

individual aerials are in one plane and the signal is fed to each aerial in phase with all others

then the signal will reinforce in a direction perpendicular to that plane. By altering the

relative phase of the signal fed to each aerial the direction of the beam can be moved because

the direction of constructive interference will move. Because phased array radars require no

physical movement the beam can scan at thousands of degrees per second, fast enough to

irradiate and track many individual targets, and still run a wide-ranging search periodically.

By simply turning some of the antennas on or off, the beam can be spread for searching,

narrowed for tracking, or even split into two or more virtual radars. However, the beam

cannot be effectively steered at small angles to the plane of the array, so for full coverage

multiple arrays are required, typically disposed on the faces of a triangular pyramid. Phased

array radars have been in use since the earliest years of radar use in World War II, but
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limitations of the electronics led to fairly poor accuracy. Phased array radars were originally

used for missile defense. They are the heart of the ship-borne Aegis combat system, and the

Patriot Missile System, and are increasingly used in other areas because the lack of moving

parts makes them more reliable, and sometimes permits a much larger effective antenna,

useful in fighter aircraft applications that offer only confined space for mechanical scanning.

As the price of electronics has fallen, phased array radars have become more and more

common. Almost all modern military radar systems are based on phased arrays, where the

small additional cost is far offset by the improved reliability of a system with no moving

parts. Traditional moving-antenna designs are still widely used in roles where cost is a

significant factor such as air traffic surveillance, weather radars and similar systems. Phased

array radars are also valued for use in aircraft, since they can track multiple targets. The first

aircraft to use phased array radar is the B-1B Lancer. The first aircraft fighter to use phased

array radar was the Mikoyan MiG-31. The MiG-31M's SBI-16 Zaslon phased array radar is

considered to be the world's most powerful fighter radar. Phased-array interferometry or,

aperture synthesis techniques, using an array of separate dishes that are phased into a single

effective aperture, are not typically used for radar applications, although they are widely used

in radio astronomy. Because of the Thinned array curse, such arrays of multiple apertures,

when used in transmitters, result in narrow beams at the expense of reducing the total power

transmitted to the target. In principle, such techniques used could increase the spatial

resolution, but the lower power means that this is generally not effective. Aperture synthesis

by post-processing of motion data from a single moving source, on the other hand, is widely

used in space and airborne radar systems.

2.6. Frequency bands

The traditional band names originated as code-names during World War II and are still in

military and aviation use throughout the world in the 21st century. They have been adopted

in the United States by the IEEE, and internationally by the ITU. Most countries have

additional regulations to control which parts of each band are available for civilian or

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

92
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



military use. Other users of the radio spectrum, such as the broadcasting and electronic

countermeasures (ECM) industries, have replaced the traditional military designations with

their own systems.

2.7. Radar modulators

Modulators act to provide the short pulses of power to the magnetron, a special type of

vacuum tube that converts DC (usually pulsed) into microwaves. This technology is known

as Pulsed power. In this way, the transmitted pulse of RF radiation is kept to a defined, and

usually, very short duration. Modulators consist of a high voltage pulse generator formed

from an HV supply, a pulse forming network, and a high voltage switch such as a thyratron.

A klystron tube may also be used as a modulator because it is an amplifier, so it can be

modulated by its low power input signal.

2.8. Radar coolant

Coolanol and PAO (poly-alpha olefin) are the two main coolants used to cool airborne radar

equipment today. The U.S. Navy has instituted a program named Pollution Prevention (P2) to

reduce or eliminate the volume and toxicity of waste, air emissions, and effluent discharges.

Because of this Coolanol is used less often today. AO is a synthetic lubricant composition is

a blend of a polyol ester admixed with effective amounts of an antioxidant, yellow metal

pacifier and rust inhibitors. The polyol ester blend includes a major proportion of poly

(neopentyl polyol) ester blend formed by reacting poly (pentaerythritol) partial esters with at

least one C7 to C12 carboxylic acid mixed with an ester formed by reacting a polyol having

at least two hydroxyl groups and at least one C8-C10 carboxylic acid. Preferably, the acids

are linear and avoid those which can cause odours during use. Effective additives include

secondary arylamine antioxidants, triazole derivative yellow metal pacifier and an amino acid

derivative and substituted primary and secondary amine and/or diamine rust inhibitor.
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A synthetic coolant/lubricant composition, comprising an ester mixture of 50 to 80 weight

percent of poly (neopentyl polyol) ester formed by reacting a poly (neopentyl polyol) partial

ester and at least one linear monocarboxylic acid having from 6 to 12 carbon atoms, and 20

to 50 weight percent of a polyol ester formed by reacting a polyol having 5 to 8 carbon atoms

and at least two hydroxyl groups with at least one linear monocarboxylic acid having from 7

to 12 carbon atoms, the weight percents based on the total weight of the composition.

 Androecious - plants producing male

3. Radar functions and roles

3.1. Pulse-Doppler radar

Pulse-Doppler is a radar system capable of not only detecting target location (bearing,

range, and altitude), but also measuring its radial velocity (range-rate). It uses the

Doppler Effect to determine the relative velocity of objects; pulses of RF energy

returning from the target are processed to measure the frequency shift between carrier

cycles in each pulse and the original transmitted frequency. To achieve this, the

transmitter frequency source must have very good phase stability and the system is said

to be coherent. The nature of pulsed radar and the relationship between the carrier

frequency and the Pulse Repetition Frequency (PRF) means that the frequency spectrum

can be very complex, leading to the possibility of errors and tradeoffs. In general, it is

necessary to utilize a very high PRF to avoid aliasing, which can cause side effects such

as range ambiguity. To avoid this, multiple PRFs are often used.

3.2. Underlying principle

Pulse-Doppler radar is based on the fact that targets moving with a nonzero radial

velocity will introduce a frequency shift between the transmitter master oscillator and the
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carrier component in the returned echoes. This is because the signal is subject to Doppler

shift, so echoes from closing targets will show an apparent increase in frequency and

echoes from opening targets will show an apparent decrease in frequency. Target velocity

can be estimated by determining the average frequency shift of carrier cycles within a

pulse packet. This is typically done by means of a 1D fast Fourier transform or using the

autocorrelation technique. The transform is performed independently for each sample

volume, using data received at the same range from all pulses within a packet or group of

pulses. In older systems, a bank of analogue filters was used. Velocity measurements are

of course limited to measuring the component of the target velocity that is parallel to the

beam (radial), since tangential movement will not affect the received signals. A target is

either closing or opening, or it will fall into the clutter notch (a velocity range reserved

for non-displayed clutter). Velocity information from single radar will therefore result in

underestimates of target velocity. Complete velocity profiles can only be derived by

combining measurements from several radars, situated at different locations. The radial

velocity of the target can easily be calculated based on knowledge of the radar frequency,

speed of light, pulse repetition frequency and average phase (frequency) shift.

3.3. Signal demodulation

The resulting receiver video is processed in doppler velocity filters or digital signal

processing circuits which are used to determine velocity. Most modern Pulse-Doppler

radars demodulate the incoming radio frequency signal down to a center frequency of

zero prior to digital sampling. This is done to reduce computational burden, since the

demodulated signal can be downsampled heavily to reduce the amount of data needed for

storage. The resulting signal is usually referred to as complex demodulated, or IQ-data,

where IQ stands for in-phase and quadrature-phase, reflecting the fact that the signal is

complex, with a real and imaginary part. For instance, a modulated signal could be S(t) =

cos(ω0t + φ(t)), it can then demodulated using:

o IH(t) = S(t).cos(ω0t) and QH(t) = S(t).sin(ω0t)
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o Using a low pass filter on both IH(t) and QH(t) allows the following:

o I(t) = cos(φ(t) + Φ) and Q(t) = sin(φ(t) + Φ)

Note that I (t) would not be enough because the sign is lost. Having I (t) and Q(t) then

enables the radar to properly map closing (approaching) and opening (leaving) doppler

velocities.

Errors and Tradeoffs

3.4. Coherency

In order for Pulse-Doppler radar to work at all, it is essential that the received echoes are

coherent with the carrier signal, at least during the time it takes for all echoes to return

and be processed. To achieve this, a number of techniques are employed, the most

common being that the transmitter signal is derived from a highly stable oscillator, (the

COHO) and the received signal is demodulated using an equally stable local oscillator,

(known as the STALO), which is phase locked to it. Doppler shift may then be accurately

resolved by comparing the frequency components of the returned echo with the frequency

components of the transmitted signal. Maximum range from reflectivity (red) and

unambiguous Doppler velocity range (blue) with a fix pulse repetition rate. Maximum

range from reflectivity (red) and unambiguous Doppler velocity range (blue) with a fix

pulse repetition rate.

3.5. Ambiguities

A fundamental problem associated with Pulse-Doppler radar is velocity ambiguity, since

Doppler Shifts crossing the next line in the frequency spectrum will be aliased. This

problem can, however, be alleviated by increasing the PRF, which increases the spacing

between adjacent lines in the transmitted spectrum allowing greater shifts before aliasing

occurs. For military radars intended to detect high speed closing targets, it is common for

PRFs of several hundred kilohertz to be employed. Even so, there is a limit to the amount

that the PRF may be increased before range ambiguity occurs. However, high PRFs can
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be utilized by the transmission of multiple pulse-packets with different PRF-values to

resolve this ambiguity, since only the correct velocity stays fixed, while all "ghost

velocities" introduced by aliasing change when the PRF is altered.

4. Application considerations

4.1. Type of Radar

The maximum velocity that can be unambiguously measured is inherently limited by the

PRF, as discussed above. The PRF-value must therefore be chosen carefully, based on a

tradeoff between maximum velocity resolution and the reduction of velocity aliasing and

range ambiguity problems. This tradeoff is highly application dependent, as e.g. weather

radars measure velocities at a totally different scale as compared to radars designed to detect

supersonic missiles and aircraft.

4.2. Moving targets

Stationary targets such as earth ground clutter (land, buildings, etc) will be dominant in the

low Doppler frequencies, while moving targets will produce much higher Doppler shifts. The

radar processor can be designed to mask out clutter by the use of Doppler filters (digital or

analogue) around the main spectral line (called the clutter-notch), which will result in the

display of moving targets only (in relation to the radar). If the radar itself is moving, such as

on a fighter aircraft, or a surveillance aircraft, then much more processing will be required, as

the clutter in the filters will be based on platform speed, terrain under the radar, antenna

depression angle, and antenna rotation/steered angle.

4.3. Air traffic control radar beacon system
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'The air traffic control radar beacon system (ATCRBS) is a system used in air traffic control

(ATC) to enhance radar monitoring and separation of air traffic. ATCRBS assists ATC radars

by acquiring information about the aircraft being monitored, and providing this information

to the radar controllers. The controllers can use the information to identify returns from

aircraft (known as targets) and to distinguish those returns from ground clutter.

4.5. Parts of the system

The system consists of transponders, installed in aircraft and secondary surveillance radars

(SSRs), and installed at air traffic control facilities. The SSR transmits interrogations and

listens for any replies. Transponders that receive an interrogation decode it, decide whether

to reply, and then respond with the requested information when appropriate. Note that in

common informal usage, the term "SSR" is sometimes used to refer to the entire ATCRBS

system; however this term (as found in technical publications) properly refers only to the

ground radar itself. The antenna system of typical ground radar. The ladder-like top section is

the SSR directional antenna, and the remainder of the assembly makes up the PSR antenna.

The antenna system of typical ground radar. The ladder-like top section is the SSR

directional antenna, and the remainder of the assembly makes up the PSR antenna.

4.6. Ground Interrogation Equipment

An ATC ground station consists of two radar systems and their associated support

components. The most prominent component is the primary surveillance radar, or PSR. It is

also sometimes referred to as skin paint radar because it operates using traditional radar

principles, transmitting radio pulses and listening for and timing the reflections from the skin

or other metal components of aircraft. The second system is the secondary surveillance radar,

or SSR. The SSR is equipped with a main antenna, and an omnidirectional "Omni" antenna

at many older sites. Newer antennas (like the picture to the right), are grouped as a left and

right antenna, and each side connects to a hybrid device which combines the signals into sum

and difference channels. Still other sites have both the sum and difference antenna, and an
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Omni antenna. Surveillance aircraft, e.g., AWACS, have only the sum and difference

antennas, but can also be space stabilized by phase shifting the beam down or up when

pitched or banking. The SSR beam antenna is typically fitted to the PSR antenna, so that they

point in the same direction as the antennas rotate. The omnidirectional antenna is mounted

near and high, and usually on top of the radome if equipped. Mode-S interrogators require

the sum and difference channels to provide the monopulse capability to measure the off-

boresight angle of the transponder reply. The SSR repetitively transmits interrogations as the

rotating radar scans the sky. The interrogation specifies what type of information a replying

transponder should send by using a system of modes. There have been a number of modes

used historically, but four are in common use today: mode 1 mode 2 mode 3/A, and mode C.

Mode 1 is used by sort military targets during phases of a mission. Mode 2 is used to identify

military aircraft missions. Mode 3/A is used to identify each aircraft in the radar's coverage

area. Mode C is used to request an aircraft's altitude.

Neither Mode 4 nor mode S is part of the ATCRBS system but use the same transmit and

receive hardware. Mode 4 is used by military aircraft for the Identification Friend or Foe

(IFF) system. Mode S is a discrete selective interrogation rather than a general broadcast that

facilitates TCAS for civil aircraft. Mode S transponders ignore interrogations not addressed

with their unique identity code, reducing channel congestion. At a typical SSR radar

installation, ATCRBS, IFF, and mode S interrogations will all be transmitted in an interlaced

fashion. Returns from both radars at the ground station are transmitted to the ATC facility

using a microwave link, a coaxial link, or (with newer radars) a digitizer and a modem. Once

received at the ATC facility, a computer system known as a radar data processor associates

the reply information with the proper primary target and displays it next to the target on the

radar scope.

4.7. Airborne Transponder Equipment

The equipment installed in the aircraft is considerably simpler, consisting of the transponder

itself, usually mounted in the instrument panel or avionics rack, and a small L band UHF
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antenna, mounted on the bottom of the fuselage. Many commercial aircraft also have an

antenna on the top of the fuselage, and either or both antennas can be selected by the flight

crew. Typical installations also include an altitude encoder, which is a small device

connected to both the transponder and the aircraft's static system. It provides the aircraft's

pressure altitude to the transponder, so that it may relay the information to the ATC facility.

The transponder has a small required set of controls and is simple to operate. It has a method

to enter the four-digit transponder code, also known as a beacon code or squawk code, and a

control to transmit an ident, which is done at the controller's request. Transponders typically

have 4 operating modes: Off, Standby, On (Mode-A), and Alt (Mode-C). On and Alt mode

differ only in that the on mode inhibits transmitting any altitude information. Standby mode

allows the unit to remain powered and warmed up but inhibits any replies, since many

transponders incorporate transmitters which must be warmed up before they will function.

4.8. Theory of operation

The steps involved in performing an ATCRBS interrogation are as follows: First, the

ATCRBS interrogator periodically interrogates aircraft on a frequency of 1030 MHz. This is

done through a rotating or scanning antenna at the radar's assigned Pulse Repetition

Frequency (PRF). Interrogations are typically performed at 450 - 500 interrogations/second.

Once an interrogation has been transmitted, it travels through space in the direction the

antenna is pointing at the speed of light until an aircraft is reached. When the aircraft receives

the interrogation, the aircraft transponder will send a reply on 1090 MHz after a 3.0μs delay

indicating the requested information. The interrogator's processor will then decode the reply

and identify the aircraft. The range of the aircraft is determined from the delay between the

reply and the interrogation. The azimuth of the aircraft is determined from the direction the

antenna is pointing when the first reply was received, until the last reply is received. This

window of azimuth values is then divided by two to give the calculated "centroid" azimuth.

The error in this algorithm cause the aircraft to jitter across the controllers scope, and is

referred to as "track jitter." The jitter problem makes software tracking algorithms

problematic, and is the reason why monopulse was implemented.
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4.9. The interrogation

Interrogations consist of three pulses, 0.8μs in duration, referred to as P1, P2 and P3. The

timing between pulses P1 and P3 determines the mode (or question) of the interrogation, and

thus what the nature of the reply should be. P2 is used in side-lobe suppression, explained

later. Mode 3/A uses a P1 to P3 spacing of 8.0μs, and is used to request the beacon code,

which was assigned to the aircraft by the controller to identify it. Mode C uses a spacing of

21μs, and requests the aircraft's pressure altitude, provided by the altitude encoder. Mode 2

uses a spacing of 5μs and requests the aircraft to transmit its Military identification code. The

latter is only assigned to Military aircraft and so only a small percentage of aircraft actually

reply to a mode 2 interrogation.

4.10. Side lobe suppression

The SSR's directional antenna is never perfect; inevitably it will "leak" lower levels of RF

energy in off-axis directions. These are known as side lobes. When aircraft are close to the

ground station, the side lobe signals are often strong enough to elicit a reply from their

transponders when the antenna is not pointing at them. This can cause ghosting, where an

aircraft's target may appear in more than one location on the radar scope. In extreme cases, an

effect known as ring-around occurs, where the transponder replies to excess resulting in an

arc or circle of replies centered on the radar site. To combat these effects, side lobe

suppression (SLS) is used. SLS employs a third pulse, P2, spaced 2μs after P1. This pulse is

transmitted from the omnidirectional antenna (or the antenna difference channel) by the

ground station, rather than from the directional antenna (or the sum channel). The power

output from the omnidirectional antenna is calibrated so that, when received by an aircraft,

the P2 pulse is stronger than either P1 or P3, except when the directional antenna is pointing

directly at the aircraft. By comparing the relative strengths of P2 and P1, airborne

transponders can determine whether or not the antenna is pointing at the aircraft when the

interrogation was received. The power to the difference antenna pattern (for systems so
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equipped) is not adjusted from that of the P1 and P3 pulses. Algorithms are used in the

ground receivers to delete replies on the edge of the two beam patterns.

To combat these effects more recently, side lobe suppression (SLS) is still used, but

differently. The new and improved SLS employs a third pulse, spaced 2μs either before P3 (a

new P2 position) or after P3 (which should be called P4 and appears in the Mode S radar and

TCAS specifications). This pulse is transmitted from the directional antenna at the ground

station, and the power output of this pulse is the same strength as the P1 and P3 pulses. The

action to be taken is specified in the new and improved C74c as:

c. Side-lobe Suppression. The transponder must be suppressed for a period of 35 10

microseconds following receipt of a pulse pair of proper spacing and suppression

action must be capable of being reinitiated for the full duration within 2 microseconds

after the end of any suppression period. The transponder must be suppressed with a

99 percent efficiency over a received signal amplitude range between 3 db above

minimum triggering level and 50 db above that level and upon receipt of properly

spaced interrogations when the received amplitude of P2 is equal to or in excess of

the received amplitude of P1 and spaced 2.0 0.15 microsecond from P3.

Any requirement at the transponder to detect and act upon a P2 pulse 2μs after P1 has been

removed from the new and improved TSO C74c specification. Most "modern" transponders

(manufactured since 1973) have an "SLS" circuit which suppresses reply on receipt of any

two pulses in any interrogation spaced 2.0 microseconds apart that are above the MTL

Minimum Triggering Level threshold of the receiver amplitude descriminator (P1->P2 or P2-

>P3 or P3->P4). This approach was used to comply with the original C74c and but also

complies with the provisions of the new and improved C74c. The FAA refers to the non-

responsiveness of new and improved TSO C74c compliant transponders to Mode S

compatible radars and TCAS as "The Terra Problem", and has issued Airworthiness
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Directives (ADs) against various transponder manufacturers, over the years, at various times

on no predictable schedule. The ghosting and ring around problems have recurred on the

more modern radars. To combat these effects most recently, great emphasis is placed upon

software solutions. It is highly likely that one of those software algorithms was the proximate

cause of a mid-air collision recently, as one airplane was reported at showing its altitude as

the pre-flight paper filed flight plan, and not the altitude assigned by the ATC controller.

5. Radar display

The beacon code and altitude were historically displayed verbatim on the radar scope next to the

target; however modernization has extended the radar data processor with a flight data processor,

or FDP. The FDP automatically assigns beacon codes to flight plans, and when that beacon code

is received from an aircraft, the computer can associate it with flight plan information to display

immediately useful data, such as aircraft callsign, the aircraft's next navigational fix, assigned

and current altitude, etc. near the target in a data block.

6. Mode S

Mode S, or mode select, despite also being called a mode, is actually a radically improved

system intended to replace ATCRBS altogether. A few countries have mandated mode S, and

many other countries, including the United States, have begun phasing out ATCRBS in favor of

this system. Mode S is designed to fully interface with ATCRBS systems: mode S SSRs can

interrogate ATCRBS transponders, and mode S transponders will reply to older ATCRBS

interrogations. Mode S, despite being called a replacement transponder system for ATCRBS, is

actually a data packet protocol which can be used to augment ATCRBS transponder positioning

equipment (radar and TCAS). Mode S is designed to fully interface with ATCRBS systems:

mode S SSRs can interrogate ATCRBS transponders, and AIS-P transponders will also reply to

older ATCRBS and TCAS interrogations.
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6.1. Diversity Operations

Diversity Mode S transponders may be implemented for the purpose of improving air-to-air

surveillance and communications. Such systems shall employ two antennas, one mounted on

the top and the other on the bottom of the aircraft. Appropriate switching and signal

processing channels to select the best antenna on the basis of the characteristics of the

received interrogation signals shall also be provided. Such diversity systems, in their installed

configuration, shall not result in degraded performance relative to that which would have

been produced by a single system having a bottom-mounted antenna.

6.2. Frequency Congestion, FRUIT

Mode S was developed as a solution to frequency congestion on both the uplink and

downlink frequencies (1030 and 1090MHz). The high coverage of radar service available

today means that some radar sites receive transponder replies from interrogations that were

initiated by other nearby radar sites. This results in FRUIT or False Replies Unsynchronous

in Time, which is the reception of replies at a ground station that do not correspond with an

interrogation. This problem has worsened with the increasing prevalence of technologies like

TCAS, in which individual aircraft interrogate one another to avoid collisions. Finally,

technology improvements have made transponders increasingly affordable such that today

almost all aircraft are equipped with them. As a result, the sheer number of aircraft replying

to SSRs has increased. Defruiter circuitry clears FRUIT from the display.

6.3. Mode S as a Congestion Solution

Mode S attempts to reduce these problems by assigning aircraft a permanent mode S

address, derived from the aircraft's internationally assigned registration number. It then

provides a mechanism by which an aircraft can be selected, or interrogated such that no other

aircraft reply.
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Topic Objective:

At the end of this topic student will be able to understand:

 Which aircraft need separating?

 Vertical separation

 Horizontal separation

 Procedural separation

 Lateral separation

 Longitudinal separation

 In the vicinity of an aerodrome

 Radar control

 Separation

 Maintaining separation

Definition/Overview:

Radar separation is applied by a controller observing that the radar returns from the two aircraft

are a certain minimum horizontal distance away from each other, as observed on a suitably

calibrated radar system. The actual distance used varies: 5 nmi (9 km) is common in en route

airspace, 3 NM is common in terminal airspace at lower levels. On occasion 10 NM may be

used, especially at long range or in regions of less reliable radar cover.

By United States FAA Rules, when an aircraft is:

 When less than 40 miles from the antenna-horizontal separtion is 3 miles from

obstructions or other aircraft.

 When 40 miles or more from the antenna-horizontal separation is 5 miles from

obstructions or other aircraft.
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 TERMINAL. For single sensor ASR-9 with Mode S, when less than 60 miles from the

antenna-horizontal separation is 3 miles from other aircraft.

In air traffic control, separation is the name for the concept of keeping an aircraft in a minimum

distance from another aircraft to reduce the risk of those aircraft colliding. Air traffic controllers

apply rules, known as separation minima to do this. Pairs of aircraft to which these rules have

been successfully applied are said to be separated: the risk of these aircraft colliding is therefore

remote.

Key Points:

1. Which aircraft need separating?

It is a common misconception that air traffic controllers keep all aircraft separated. Whether

aircraft actually need separating depends upon the class of airspace in which the aircraft are

flying, and the flight rules under which the pilot is operating the aircraft.

There are three sets of flight rules under which an aircraft can be flown:

 Visual Flight Rules (VFR)

 Special Visual Flight Rules (SVFR)

 Instrument Flight Rules (IFR)
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Public transport flights are almost exclusively operated under IFR, as this set of rules allows

flight in regions of low visibility (e.g. cloud). On the other hand a large amount of private flying

in light aircraft is done under VFR since this requires a lower level of flying skill on the part of

the pilot, and meteorological conditions in which a pilot can see and avoid other aircraft. As its

name suggests, SVFR is a special infrequently-used set of rules. For the purposes of separation,

controllers consider SVFR to be the same as IFR. Airspace exists in seven classes, A to G, in

decreasing order of air traffic control regulation. Classes A to E is controlled airspace and classes

F and G are uncontrolled airspace. At one end of the scale in classes A and B airspace, all

aircraft must be separated from each other. At the other end of the scale in class G airspace there

is no requirement for any aircraft to be separated from each other. In the intermediate classes

some aircraft are separated from each other depending on the flight rules under which the aircraft

are operating. For example in class D airspace, IFR aircraft are not separated from other IFR

aircraft, but not from VFR aircraft, nor are VFR aircraft separated from each other.

2. Vertical separation

Between the surface and an altitude of 29,000 feet (8,800 m), no aircraft should come closer

vertically than 1,000 feet or 300 meters (in those countries that express altitude in meters), unless

some form of horizontal separation is provided. Above 29,000 feet (8,800 m) no aircraft shall

come closer than 2,000 feet (or 600 m), except in airspace where Reduced Vertical Separation

Minima (RVSM) can be applied.

3. Horizontal separation

If any two aircraft are separated by less than the vertical separation minimum, then some form

of horizontal separation must exist.
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4. Procedural separation

Procedural separation is separation based upon the position of the aircraft, based upon reports

made by the pilots over the radio. It therefore does not necessarily require the use of radar to

provide air traffic control using procedural separation minima. In procedural control, any period

during which two aircraft are not vertically separated is said to be "level change". In some cases,

procedural separation minima are provided for use with radar assistance, however it is important

not to get this mixed up with radar separation as in the former case the radar need not necessarily

be certified for use for radar separation purposes, the separation is still procedural.

5. Lateral separation

Lateral separation minima are usually based upon the position of the aircraft as derived visually,

from dead reckoning or internal navigation sources, or from radio navigation aids ('beacons'). In

the case of beacons, to be separated, the aircraft must be a certain distance from the beacon

(measured by time or by DME) and their tracks to or from the beacon must diverge by a

minimum angle. Other lateral separation may be defined by the geography of pre-determined

routes, for example the North Atlantic Track system.

6. Longitudinal separation

If two aircraft are not laterally separated, and are following tracks within 45 degrees of each

other (or the reciprocal), then they are said to be following the same route and some form of

longitudinal separation must exist. Longitudinal separation can be based upon time or distance as

measure by DME. The golden rule is the 15 minute rule: no two aircraft following the same route

must come within 15 minutes flying time of each other. In areas with good navaid cover this

reduces to 10 minutes; if the preceding aircraft is faster than the following one then this can be

reduced further depending of the difference in speed. Aircraft whose tracks bisect at more than

45 degrees are said to be crossing, in this case longitudinal separation cannot be applied as it will

not be very long before lateral separation will exist again.
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7. In the vicinity of an aerodrome

Aerodrome or "Tower" controllers work in tall towers with large windows allowing them, in

good weather, to see the aircraft flying in the vicinity of the aerodrome, unless the aircraft is not

in sight from the tower (i.e. a helicopter departing from a ramp area). Also, aircraft in the vicinity

of an aerodrome tend to be flying at lower speeds. Therefore, if the aerodrome controller can see

both aircraft, and both aircraft report that they can see each other, or a following aircraft reports

that it can see the preceding one, controllers may reduce the standard separation to whatever is

adequate to prevent a collision.
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8. Radar control

Radar control is a method of providing air traffic control services with the use of radar. The

provision of air traffic control services without the use of radar is called procedural control.

9. Separation

In air traffic control, the risk of aircraft colliding is managed by applying separation rules. These

rules require aircraft to be separated by either a minimum vertical distance, or, if for some reason

they cannot be separated vertically, by a minimum horizontal distance defined by various means.

One of the means of determining horizontal separation is by a controller observing the radar

returns of the aircraft to be at least a minimum horizontal distance apart. This is the essence of

radar control, and is known as Radar separation. Standard radar separation varies from airspace

to airspace and country to country, however 3 nms in terminal airspace and 5 nms in en route

airspace are common minima.

10. Maintaining separation

In airspace with a lower amount of traffic, controllers will require pilots to navigate their aircraft

on published routes which have been designed to be separated from each other. Controllers may

require pilots to fly their aircraft at certain speeds or with certain minimum or maximum speeds

to maintain separation between aircraft on these routes. When the amount of traffic in a

particular volume of airspace reaches a certain level, it becomes impossible to keep aircraft

following set routes separated, particularly in airspace where aircraft are climbing and

descending (and therefore level separation regularly cannot be maintained). In this case

controllers use "radar vectors", the issuing of headings to the pilots of aircraft on which the

controller expects the pilots to fly their aircraft, to tactically keep aircraft separated in the sky.

Much skill is involved in this type of control: it is this type of controlling that has led air traffic

control to be described as "3D chess".
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In Section 4 of this course you will cover these topics:
Operation In The National Air Space System

Oceanic And International Air Traffic Control

You may take as much time as you want to complete the topic coverd in section 4.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to continue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later.

Topic Objective:

At the end of this topic student will be able to understand:

 Federal Aviation Regulations

 Organization

 Regulations of interest

 Private, Commuter, and Commercial

Definition/Overview:

The National Airspace System (NAS) is the most complex aviation system in the world

consisting of thousands of people, procedures, facilities, and pieces of equipment that enables

safe and expeditious air travel in the United States and over large portions of the world's oceans.

The NAS requires 14,500 air traffic controllers, 4,500 aviation safety inspectors, and 5,800

technicians to operate and maintain services. It has more than 19,000 airports and 600 air traffic

control facilities. In all, there are 41,000 NAS operational facilities. In addition, there are over

71,000 pieces of equipment, ranging from radar systems to communication relay stations.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

111
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Key Points:

1. Federal Aviation Regulations

The Federal Aviation Regulations, or FARs, are rules prescribed by the Federal Aviation

Administration (FAA) governing all aviation activities in the United States. The FARs are part of

Title 14 of the Code of Federal Regulations (CFR). A wide variety of activities are regulated,

such as airplane design, typical airline flights, pilot training activities, hot-air ballooning, lighter

than air craft, man-made structure heights, obstruction lighting and marking, and even model

rocket launches and model aircraft operation. The rules are designed to promote safe aviation,

protecting pilots, passengers and the general public from unnecessary risk. They are also

intended to protect the national security of the United States, especially in light of the September

11, 2001 attacks.

2. Organization

The FARs are organized into sections, called parts due to their organization within the CFR.

Each part deals with a specific type of activity. For example, 14 CFR Part 141 contains rules for

pilot training schools. The sections most relevant to aircraft pilots and AMTs (Aviation

Maintenance Technicians) are listed below. Many of the FARs are designed to regulate

certification of pilots, schools, or aircraft rather than the operation of airplanes. In other words,

once an airplane design is certified using some parts of these regulations, it is certified regardless

of whether the regulations change in the future. For that reason, newer planes are certified using

newer versions of the FARs, and in many aspects may be thus considered safer designs.

 Part 1 Definitions and Abbreviations.

 Part 13 Investigation and Enforcement Procedures

 Part 21 Certification Procedures for Products and Parts.

 Part 23 Airworthiness Standards: Normal, Utility, Acrobatic and Commuter Airplanes.

 Part 25 Airworthiness Standards: Transport Category Airplanes.

 Part 27 Airworthiness Standards: Normal Category Rotorcraft

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

112
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 Part 29 Airworthiness Standards: Transport Category Rotorcraft

 Part 33 Airworthiness Standards: Aircraft Engines.

 Part 34 Fuel Venting and Exhaust Emission Requirements for Turbine Engine Powered

Airplanes

 Part 35 Airworthiness Standards: Propellers

 Part 39 Airworthiness Directives

 Part 43 Maintenance, Preventive Maintenance, Rebuilding, and Alteration.

 Part 45 Identification and Registration Marking

 Part 47 Aircraft Registration

 Part 61 Certification: Pilots, Flight Instructors, and Ground Instructors.

 Part 65 Certification: Airmen Other Than Flight Crewmembers

 Part 67 Medical Standards and Certification.

 Part 71 Designation of Class A, Class B, Class C, Class D, and Class E Airspace Areas;

Airways; Routes; and Reporting Points.

 Part 73 Special Use Airspace.

 Part 91 General Operating and Flight Rules.

 Part 97 Standard Instrument Approach Procedures.

 Part 101 Moored Balloons, Kites, Unmanned Rockets and Unmanned Free Balloons

 Part 103 Ultralight Vehicles.

 Part 105 Parachute Operations.

 Part 119 Certification: Air Carriers and Commercial Operators.

 Part 121 Operating Requirements: Domestic, Flag, and Supplemental Operations.

 Part 125 Certification and Operations: Airplanes Having a Seating Capacity of 20 or

More Passengers or a Payload Capacity of 6,000 Pounds or More

 Part 133 Rotorcraft External-Load Operations

 Part 135 Operating Requirements: Commuter and On Demand Operations.

 Part 136 Commercial Air Tours and National Parks Air Tour Management

 Part 137 Agricultural Aircraft Operations.

 Part 141 Flight Schools.

 Part 142 Training Centers.

 Part 145 Repair Stations
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 Part 147 Aviation Maintenance Technicians Schools

 Part 183 Representatives of The Administrator

3. Regulations of interest

The FARs are comprised of tens of thousands of separate sections, many of which have large

numbers of researchers using them on any given day. A few of the regulations particularly

interesting to laypersons, relevant to current political issues, or of historical interest are listed

below.

3.1. Part 23

Part 23 contains airworthiness standards for airplanes in the normal, utility, acrobatic,

and commuter categories. It dictates the standards required for issuance and change of

type certificates for airplanes in these categories. The Maximum Takeoff Weight of an

airplane in the normal, utility or acrobatic category cannot exceed 12,500 lb. The

Maximum Takeoff Weight of an airplane in the commuter category cannot exceed 19,000

lb. This Part has a large number of regulations to ensure airworthiness in areas such as

performance, stability, controllability, and safety mechanisms, how the seats must be

constructed, oxygen and air pressurization systems, fire prevention, escape hatches, flight

management procedures, flight control communications, emergency landing procedures,

and other limitations, as well as testing of all the systems of the aircraft. It also

determines special aspects of aircraft performance such as stall speed (for single engine

airplanes - not more than 61 knots), rate of climb (not less than 300 fpm), take off speed

(not less than 1.2 x Vs1), weight of each pilot and passenger (170 lb for airplanes in the

normal and commuter categories, and 190 lb for airplanes in the acrobatic and utility

categories). The Cessna 177 and Cirrus SR20 are well-known airplanes types that were

certificated to FAR Part 23. Most of the Federal Aviation Regulations, including Part 23,

commenced on February 1, 1965. Prior to that date, airworthiness standards for airplanes

in the normal, utility and acrobatic categories were promulgated in Part 3 of the US Civil

Air Regulations. Many well-known types of light airplane are type certificated to CAR
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Part 3, even though they remained in production after 1965. For example, the Cessna 150

and Piper Cherokee are type certificated to CAR Part 3.

3.2. Part 25

This Part contains airworthiness standards for airplanes in the transport category. The

majority of airplanes up to 12,500 lb Maximum Takeoff Weight are type certificated in

the normal, utility or acrobatic categories so most airplanes certificated to Part 25 have

Maximum Takeoff Weights greater than 12,500 lb, although there is no lower weight

limit. The Boeing 737 and later types, and Airbus A300 series, are well-known airplane

types that were certificated to FAR Part 25. Most of the Federal Aviation Regulations,

including Part 25, commenced on February 1, 1965. Prior to that date, airworthiness

standards for airplanes in the transport category were promulgated in Part 4b of the US

Civil Air Regulations. The Boeing 707 and 727 are two well-known airplane types that

were certificated to CAR Part 4b.

3.3. Part 91

3.3.1. Section 91.3(b)

This regulation states that during an emergency, a pilot may deviate from any

rule as needed to meet the needs of that emergency.

3.3.2. Section 91.145

This section describes a Temporary Flight Restriction (TFR). A TFR is a

geographically-limited, short-term, airspace restriction, typically in the United

States. Temporary flight restrictions often encompass major sporting events,

natural disaster areas, air shows, space launches, and Presidential movements.

Before the September 11, 2001 attacks, most TFRs were in the interest of safety
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to flying aircraft with occasional small restrictions for Presidential movements.

Since 9/11, TFRs have been routinely used to restrict airspace for 30 nautical

miles around the President, with a 10-nautical-mile (20 km) radius no-fly zone for

non-scheduled flights. They are also available to other important people such as

presidential and vice-presidential candidates (though Senator John Kerry, a pilot,

declined TFRs during the 2004 election). TFRs are deeply unpopular with pilots

in the general aviation sector. Large Presidential TFRs frequently close off not

only the airport Air Force One is using but nearby airports as well. Others argue

that they are necessary for national security.

4. Private, Commuter, and Commercial

For pilots, there is an important distinction in the parts that address classes of flight. These parts

do not distinguish type of aircraft, but rather type of activity done with the aircraft. Regulations

for commuter and commercial aviation are far more intensive than those for general aviation, and

specific training is required; flight schools will often designate themselves as "Part 61" or "Part

141," for example.

 3.5. Part 91 is general operating rules for all aircraft.

 Part 141 is a more intensive set of standards for pilot training.

 Part 133 is external load (helicopter) operations.

 Part 135 is a set of rules with more stringent standards for commuter and on demand

operations.

 Part 121 is scheduled air carrier (commercial aviation).

Topic Objective:

At the end of this topic student will be able to understand:

 Air traffic control

 History

 Airport control

 Ground Control
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 Local or Air Control

 Clearance delivery

 Approach and terminal control

 En-route, center, or area control

 General characteristics

 Radar coverage

 Flight traffic mapping

 Problems

Definition/Overview:

The International Air Transport Association is an international industry trade group of airlines

headquartered in Montreal, Quebec, Canada, where the International Civil Aviation Organization

is also headquartered. The main objective of the organization is to assist airline companies to

achieve lawful competition and uniformity in prices. The Director General is Giovanni Bisignan.

IATA was formed in April 1945, in Havana, Cuba. It is the successor to the International Air

Traffic Association, founded in The Hague in 1919, the year of the world's first international

scheduled services. At its founding, IATA had 57 members from 31 nations, mostly in Europe

and North America. Today it has over 240 members from more than 140 nations in every part of

the globe.

For fare calculations IATA has divided the world in three regions:

 South, Central and North America.

 Europe, Middle East and Africa. IATA Europe includes the geographical Europe and

Morocco, Algeria and Tunisia.

 Asia, Australia, New Zealand and the islands of the Pacific Ocean.
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To this end, airlines have been granted a special exemption by each of the main regulatory

authorities in the world to consult prices with each other through this body. However, the

organisation has been accused of acting as a cartel, and many low cost carriers are not full IATA

members. The European Union's competition authorities are currently investigating the body. In

2005, Neelie Kroes, the European Commissioner for Competition, made a proposal to lift the

exception to consult prices. In July 2006, the United States Department of Transportation also

proposed to withdraw antitrust immunity. IATA teamed with SITA for an electronic ticketing

solution. IATA assigns 3-letter IATA Airport Codes and 2-letter IATA airline designators, which

are commonly used worldwide. ICAO also assigns airport and airline codes. For Rail&Fly

systems, IATA also assigns IATA train station codes. For delay codes, IATA assigns IATA

Delay Codes. IATA is pivotal in the worldwide accreditation of travel agents with exception of

the U.S., where this is done by the Airlines Reporting Corporation. Permission to sell airline

tickets from the participating carriers is achieved through national member organizations. They

also regulate the shipping of dangerous goods and publish the IATA Dangerous Goods

Regulations manual, a globally accepted field source reference for airlines shipping of hazardous

materials. IATA maintains the Timatic database containing cross border passenger

documentation requirements. It is used by airlines to determine whether a passenger can be

carried, as well as by airlines and travel agents to provide this information to travelers at the time

of booking.

Key Points:

1. Air traffic control

Air traffic control (ATC) is a service provided by ground-based controllers who direct aircraft on

the ground and in the air. The primary purpose of ATC systems worldwide is to separate aircraft

to prevent collisions, to organize and expedite the flow of traffic, and to provide information and

other support for pilots when able. In some countries, ATC may also play a security or defense

role (as in the United States), or actually be run entirely by the military (as in Brazil). Air traffic

control was first introduced at London's Croydon Airport in 1921. Archie League, who
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controlled aircraft using colored flags at what is today Lambert-St. Louis International Airport, is

often considered the first air traffic controller. Preventing collisions is referred to as separation,

which is a term used to prevent aircraft from coming too close to each other by use of lateral,

vertical and longitudinal separation minima; many aircraft now have collision avoidance systems

installed to act as a backup to ATC observation and instructions. In addition to its primary

function, the ATC can provide additional services such as providing information to pilots,

weather and navigation information and NOTAMs (Notices to Airmen). In many countries, ATC

services are provided throughout the majority of airspace, and its services are available to all

users (private, military, and commercial). When controllers are responsible for separating some

or all aircraft, such airspace is called "controlled airspace" in contrast to "uncontrolled airspace"

where aircraft may fly without the use of the air traffic control system. Depending on the type of

flight and the class of airspace, ATC may issue instructions that pilots are required to follow, or

merely flight information (in some countries known as advisories) to assist pilots operating in the

airspace. In all cases, however, the pilot in command has final responsibility for the safety of the

flight, and may deviate from ATC instructions in an emergency. To ensure communication, all

pilots and all controllers everywhere are required to be able to speak and understand English.

While they may use any compatible language, English must be used if requested. The native

language for the region is normally used. FAA Control Tower Operators (CTO)/Air Traffic

Controllers use FAA Order 7110.65S as the authority for all procedures regarding air traffic.

2. History

The first attempts to provide a semblance of air traffic control were based on simple "rules of the

road" (European sponsored International Convention for Air Navigation, 1919). The first air

traffic regulations were established in the United States by the passage of the Air Commerce Act

(1926). Around 1930, radio equipped control towers were established by some local authorities,

and in 1933 instrument flying began.

By 1935 several airlines jointly established the first Airway Traffic Control centers to safeguard

their aircraft against midair collisions. In 1936 this preliminary effort was transferred to the
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Federal Government, and the first-generation Air Traffic Control (ATC) System was born. In

1935, in the US, airlines using the Chicago, Cleveland, and Newark airports agreed to coordinate

the handling of airline traffic between those cities. In December, the first Airway Traffic Control

Center opened at Newark, New Jersey. The first-generation Air Traffic Control (ATC) System

was born. Additional centers at Chicago and Cleveland followed in 1936.

3. Airport control

The primary method of controlling the immediate airport environment is visual observation from

the control tower. The tower is a tall, windowed structure located on the airport grounds.

Aerodrome or Tower controllers are responsible for the separation and efficient movement of

aircraft and vehicles operating on the taxiways and runways of the airport itself, and aircraft in

the air near the airport, generally 2 to 5 nautical miles (3.7 to 9.2 km) depending on the airport

procedures. Radar displays are also available to controllers at some airports. Controllers may use

a radar system called Secondary Surveillance Radar for airborne traffic approaching and

departing. These displays include a map of the area, the position of various aircraft, and data tags

that include aircraft identification, speed, heading, and other information described in local

procedures. The areas of responsibility for tower controllers fall into three general operational

disciplines; Ground Control, Local or Air Control, and Clearance Delivery -- other categories,

such as Apron Control or Ground Movement Planner, may exist at extremely busy airports.

While each tower's procedures will vary and while there may be multiple teams in larger towers

that control multiple runways, the following provides a general concept of the delegation of

responsibilities within the tower environment.

4. Ground Control

Ground Control (sometimes known as Ground Movement Control abbreviated to GMC or

Surface Movement Control abbreviated to SMC) is responsible for the airport "maneuvering"

areas, or areas not released to the airlines or other users. This generally includes all taxiways,

inactive runways, holding areas, and some transitional aprons or intersections where aircraft

arrive having vacated the runway and departure gates. Exact areas and control responsibilities are

clearly defined in local documents and agreements at each airport. Any aircraft, vehicle, or
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person walking or working in these areas is required to have clearance from the ground

controller. This is normally done via VHF radio, but there may be special cases where other

processes are used. Most aircraft and airside vehicles have radios. Aircraft or vehicles without

radios will communicate with the tower via aviation light signals or will be led by vehicles with

radios. People working on the airport surface normally have a communications link through

which they can reach or be reached by ground control, commonly either by handheld radio or

even cell phone. Ground control is vital to the smooth operation of the airport because this

position might constrain the order in which the aircraft will be sequenced to depart, which can

affect the safety and efficiency of the airport's operation. Some busier airports have Surface

Movement Radar (SMR), such as, ASDE-3, AMASS or ASDE-X, designed to display aircraft

and vehicles on the ground. These are used by the ground controller as an additional tool to

control ground traffic, particularly at night or in poor visibility. There are a wide range of

capabilities on these systems as they are being modernized. Older systems will display a map of

the airport and the target. Newer systems include the capability to display higher quality

mapping, radar target, data blocks, and safety alerts.

5. Local or Air Control

Local or Air Control (most often referred to as the generic "Tower" control, although Tower

control can also refer to a combination of the local, ground and clearance delivery positions) is

responsible for the active runway surfaces. The Air Traffic Control Tower clears aircraft for take

off or landing and ensures the runway is clear for these aircraft. If the tower controller detects

any unsafe condition, a landing aircraft may be told to "go-around" and be re-sequenced into the

landing pattern by the approach or terminal area controller. Within the tower, a highly

disciplined communications process between tower and ground control is an absolute necessity.

Ground control must request and gain approval from tower control to cross any runway with any

aircraft or vehicle. Likewise, tower control must ensure ground control is aware of any

operations that impact the taxiways and must work with the approach radar controllers to ensure

"holes" or "gaps" in the arrival traffic are created (where necessary) to allow taxiing traffic to

cross runways and to allow departing aircraft to take off. Crew Resource Management (CRM)

procedures are often used to ensure this communication process is efficient and clear, although

this is not as prevalent as CRM for pilots.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

121
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



6. Clearance delivery

Clearance delivery is the position that issues route clearances to aircraft before they commence

taxiing. These contain details of the route that the aircraft is expected to fly after departure. This

position will, if necessary, coordinate with the en-route center and national command center or

flow control to obtain releases for aircraft. Often however such releases are given automatically

or are controlled by local agreements allowing "free-flow" departures. When weather or

extremely high demand for a certain airport or airspace becomes a factor, there may be ground

"stops" (or "slot delays") or re-routes may be necessary to ensure the system does not get

overloaded. The primary responsibility of the clearance delivery position is to ensure that the

aircraft have the proper route and slot time. This information is also coordinated with the en-

route center and the ground controller in order to ensure the aircraft reaches the runway in time

to meet the slot time provided by the command center. At some airports the clearance delivery

controller also plans aircraft pushbacks and engine starts and is known as Ground Movement

Planner (GMP): this position is particularly important at heavily congested airports to prevent

taxiway and apron gridlock.

7. Approach and terminal control

Many airports have a radar control facility that is associated with the airport. In most countries,

this is referred to as Approach or Terminal Control; in the U.S., it is often still referred to as a

TRACON (Terminal Radar Approach Control) facility. While every airport varies, terminal

controllers usually handle traffic in a 30 to 50 nautical mile (56 to 93 km) radius from the airport.

Where there are many busy airports in close proximity, one single terminal control may service

all the airports. The actual airspace boundaries and altitudes assigned to a terminal control are

based on factors such as traffic flows, neighboring airports and terrain, and vary widely from

airport to airport: a large and complex example is the London Terminal Control Centre which

controls traffic for five main London airports up to 20,000 feet (6,100 m) and out to 100+

nautical miles.
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Terminal controllers are responsible for providing all ATC services within their airspace. Traffic

flow is broadly divided into departures, arrivals, and overflights. As aircraft move in and out of

the terminal airspace, they are handed off to the next appropriate control facility (a control tower,

an en-route control facility, or a bordering terminal or approach control). Terminal control is

responsible for ensuring that aircraft are at an appropriate altitude when they are handed off, and

that aircraft arrive at a suitable rate for landing.

Not all airports have a radar approach or terminal control available. In this case, the en-route

center or a neighboring terminal or approach control may co-ordinate directly with the tower on

the airport and vector inbound aircraft to a position from where they can land visually. At some

of these airports, the tower may provide a non-radar procedural approach service to arriving

aircraft handed over from a radar unit before they are visual to land. Some units also have a

dedicated approach unit which can provide the procedural approach service either all the time or

for any periods of radar outage for any reason.

8. En-route, center, or area control

ATC provides services to aircraft in flight between airports as well. Pilots fly under one of two

sets of rules for separation: Visual Flight Rules (VFR) or Instrument Flight Rules (IFR). Air

traffic controllers have different responsibilities to aircraft operating under the different sets of

rules. While IFR flights are under positive control, in the US VFR pilots can request flight

following, which provides traffic advisory services on a time permitting basis and may also

provide assistance in avoiding areas of weather and flight restrictions. En-route air traffic

controllers issue clearances and instructions for airborne aircraft, and pilots are required to

comply with these instructions. En-route controllers also provide air traffic control services to

many smaller airports around the country, including clearance off of the ground and clearance

for approach to an airport. Controllers adhere to a set of separation standards that define the

minimum distance allowed between aircraft. These distances vary depending on the equipment

and procedures used in providing ATC services.
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9. General characteristics

En-route air traffic controllers work in facilities called Area Control Centers, each of which is

commonly referred to as a "Center". The United States uses the equivalent term Air Route

Traffic Control Center (ARTCC). Each center is responsible for many thousands of square miles

of airspace (known as a Flight Information Region) and for the airports within that airspace.

Centers control IFR aircraft from the time they depart an airport or terminal area's airspace to the

time they arrive at another airport or terminal area's airspace. Centers may also "pick up" VFR

aircraft that are already airborne and integrate them into the IFR system. These aircraft must,

however, remain VFR until the Center provides a clearance. Center controllers are responsible

for climbing the aircraft to their requested altitude while, at the same time, ensuring that the

aircraft is properly separated from all other aircraft in the immediate area. Additionally, the

aircraft must be placed in a flow consistent with the aircraft's route of flight. This effort is

complicated by crossing traffic, severe weather, special missions that require large airspace

allocations, and traffic density. When the aircraft approaches its destination, the center is

responsible for meeting altitude restrictions by specific points, as well as providing many

destination airports with a traffic flow, which prohibits all of the arrivals being "bunched

together". These "flow restrictions" often begin in the middle of the route, as controllers will

position aircraft landing in the same destination so that when the aircraft are close to their

destination they are sequenced. As an aircraft reaches the boundary of a Center's control area it is

"handed off" or "handed over" to the next Area Control Center. In some cases this "hand-off"

process involves a transfer of identification and details between controllers so that air traffic

control services can be provided in a seamless manner; in other cases local agreements may

allow "silent handovers" such that the receiving center does not require any co-ordination if

traffic is presented in an agreed manner. After the hand-off, the aircraft is given a frequency

change and begins talking to the next controller. This process continues until the aircraft is

handed off to a terminal controller ("approach").

10. Radar coverage

Since centers control a large airspace area, they will typically use long range radar that has the

capability, at higher altitudes, to see aircraft within 200 nautical miles (370 km) of the radar

antenna. They may also use TRACON radar data to control when it provides a better "picture" of
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the traffic or when it can fill in a portion of the area not covered by the long range radar. In the

U.S. system, at higher altitudes, over 90% of the U.S. airspace is covered by radar and often by

multiple radar systems; however, coverage may be inconsistent at lower altitudes used by

unpressurized aircraft due to high terrain or distance from radar facilities. A center may require

numerous radar systems to cover the airspace assigned to them, and may also rely on pilot

position reports from aircraft flying below the floor of radar coverage. This results in a large

amount of data being available to the controller. To address this, automation systems have been

designed that consolidate the radar data for the controller. This consolidation includes

eliminating duplicate radar returns, ensuring the best radar for each geographical area is

providing the data, and displaying the data in an effective format. Centers also exercise control

over traffic travelling over the world's ocean areas. These areas are also FIRs. Because there are

no radar systems available for oceanic control, oceanic controllers provide ATC services using

procedural control. These procedures use aircraft position reports, time, altitude, distance, and

speed to ensure separation. Controllers record information on flight progress strips and in

specially developed oceanic computer systems as aircraft report positions. This process requires

that aircraft be separated by greater distances, which reduces the overall capacity for any given

route. Some Air Navigation Service Providers (e.g. Air services Australia, The Federal Aviation

Administration, NAVCANADA, etc.) have implemented Automatic Dependent Surveillance -

Broadcast (ADS-B) as part of their surveillance capability. This new technology reverses the

radar concept. Instead of radar "finding" a target by interrogating the transponder, the ADS-

equipped aircraft sends a position report as determined by the navigation equipment on board the

aircraft. Normally, ADS operates in the "contract" mode where the aircraft reports a position,

automatically or initiated by the pilot, based on a predetermined time interval. It is also possible

for controllers to request more frequent reports to more quickly establish aircraft position for

specific reasons. However, since the cost for each report is charged by the ADS service providers

to the company operating the aircraft, more frequent reports are not commonly requested except

in emergency situations. An AD is significant because it can be used where it is not possible to

locate the infrastructure for a radar system (e.g. over water). Computerized radar displays are

now being designed to accept ADS inputs as part of the display. This technology is currently

used in portions of the North Atlantic and the Pacific by a variety of States who share

responsibility for the control of this airspace.
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11. Flight traffic mapping

The mapping of flights in real-time is based on the air traffic control system. In 1991, data on the

location of aircraft was made available by the Federal Aviation Administration to the airline

industry. The National Business Aviation Association (NBAA), the General Aviation

Manufacturers Association, the Aircraft Owners & Pilots Association, the Helicopter Association

International, and the National Air Transportation Association petitioned the FAA to make ASDI

information available on a "need-to-know" basis. Subsequently, NBAA advocated the broad-

scale dissemination of air traffic data. The Aircraft Situational Display to Industry (ASDI)

system now conveys up-to-date flight information to the airline industry and the public. Some

companies that distribute ASDI information are FlightExplorer, FlightView, and FlyteComm.

Each company maintains a website that provides free updated information to the public on flight

status. Stand-alone programs are also available for displaying the geographic location of airborne

IFR (Instrument Flight Rules) air traffic anywhere in the FAA air traffic system. Positions are

reported for both commercial and general aviation traffic. The programs can overlay air traffic

with a wide selection of maps such as, geo-political boundaries, air traffic control center

boundaries, high altitude jet routes, satellite cloud and radar imagery.

12. Problems

12.1. Traffic

The day-to-day problems faced by the air traffic control system are primarily related to

the volume of air traffic demand placed on the system, and weather. Several factors

dictate the amount of traffic that can land at an airport in a given amount of time. Each

landing aircraft must touch down, slow, and exit the runway before the next crosses the

end of the runway. This process requires at least one and up to four minutes for each

aircraft. Allowing for departures between arrivals, each runway can thus handle about 30

arrivals per hour. A large airport with two arrival runways can handle about 60 arrivals

per hour in good weather. Problems begin when airlines schedule more arrivals into an
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airport than can be physically handled, or when delays elsewhere cause groups of aircraft

that would otherwise be separated in time to arrive simultaneously. Aircraft must then be

delayed in the air by holding over specified locations until they may be safely sequenced

to the runway. Up until the 1990s, holding, which has significant environmental and cost

implications, was a routine occurrence at many airports. Advances in computers now

allow the sequencing of planes hours in advance. Thus, planes may be delayed before

they even take off (by being given a "slot"), or may reduce power in flight and proceed

more slowly thus significantly reducing the amount of holding.

12.2. Weather

Beyond runway capacity issues, weather is a major factor in traffic capacity. Rain or ice

and snow on the runway cause landing aircraft to take longer to slow and exit, thus

reducing the safe arrival rate and requiring more space between landing aircraft. Fog also

requires a decrease in the landing rate. These, in turn, increase airborne delay for holding

aircraft. If more aircraft are scheduled than can be safely and efficiently held in the air, a

ground delay program may be established, delaying aircraft on the ground before

departure due to conditions at the arrival airport. In Area Control Centers, a major

weather problem is thunderstorms, which present a variety of hazards to aircraft. Aircraft

will deviate around storms, reducing the capacity of the en-route system by requiring

more space per aircraft, or causing congestion as many aircraft try to move through a

single hole in a line of thunderstorms. Occasionally weather considerations cause delays

to aircraft prior to their departure as routes are closed by thunderstorms. Much money has

been spent on creating software to streamline this process. However, at some ACCs, air

traffic controllers still record data for each flight on strips of paper and personally

coordinate their paths. In newer sites, these flight progress strips have been replaced by

electronic data presented on computer screens. As new equipment is brought in, more and

more sites are upgrading away from paper flight strips.

12.3. Call signs

A prerequisite to safe air traffic separation is the assignment and use of distinctive call

signs. These are permanently allocated by ICAO (pronounced "eh-key-oh") on request

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

127
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



usually to scheduled flights and some air forces for military flights. They are written

callsigns with 3-letter combination like KLM, AAL, SWA , BAW , DLH followed by the

flight number, like AAL872, BAW018. As such they appear on flight plans and ATC

radar labels. There are also the audio or Radio-telephony callsigns used on the radio

contact between pilots and Air Traffic Control not always identical with the written ones.

For example BAW stands for British Airways but on the radio you will only hear the

word Speedbird instead. By default, the callsign for any other flight is the registration

number (tail number) of the aircraft, such as "N12345" or "C-GABC". The term tail

number is because a registration number is usually painted somewhere on the tail of a

plane, yet this is not a rule. Registration numbers may appear on the engines, anywhere

on the fuselage, and often on the wings. The short Radio-telephony callsigns for these tail

numbers is the first letter followed by the last two, like C-BC spoken as Charlie-Bravo-

Charlie for C-GABC or the last 3 letters only like ABC spoken Alpha-Bravo-Charlie for

C-GABC or the last 3 numbers like 345 spoken as tree-fower-fife for N12345. In the

United States the abbreviation of callsigns is required to be a prefix (such as aircraft type,

aircraft manufacturer, or first letter of registration) followed by the last three characters of

the callsign. This abbreviation is only allowed after communications has been established

in each sector. The flight number part is decided by the aircraft operator. In this

arrangement, an identical call sign might well be used for the same scheduled journey

each day it is operated, even if the departure time varies a little across different days of

the week. The call sign of the return flight often differs only by the final digit from the

outbound flight. Generally, airline flight numbers are even if eastbound, and odd if

westbound. In order to reduce the possibility of two callsigns on one frequency at any

time sounding too similar, a number of airlines, particularly in Europe, have started using

alphanumeric callsigns that are not based on flight numbers. For example DLH23LG,

spoken as lufthansa-two-tree-lima-golf. Additionally it is the right of the air traffic

controller to change the 'audio' callsign for the period the flight is in his sector if there is a

risk of confusion, usually choosing the tail number instead. Before around 1980 IATA

and ICAO were using the same 2-letter callsigns. Due to the larger number of new

airlines after deregulation ICAO established the 3-letter callsigns as mentioned above.

The IATA callsigns are currently used in aerodromes on the announcement tables but
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never used any longer in Air Traffic Control. For example, AA is the IATA callsign for

American Airlines ATC equivalent AAL. Other examples include LY/ELY for El Al,

DL/DAL for Delta Air Lines, LH/DLH for Lufthansa etc.

12.4. Technology

Many technologies are used in air traffic control systems. Primary and secondary radar

are used to enhance a controller's "situational awareness" within his assigned airspace all

types of aircraft send back primary echoes of varying sizes to controllers' screens as radar

energy is bounced off their skins, and transponder-equipped aircraft reply to secondary

radar interrogations by giving an ID (Mode A), an altitude (Mode C) and/or a unique

callsign (Mode S). Certain types of weather may also register on the radar screen.

These inputs, added to data from other radars, are correlated to build the air situation.

Some basic processing occurs on the radar tracks, such as calculating ground speed and

magnetic headings. Other correlations with electronic flight plans are also available to

controllers on modern operational display systems. The FAA has spent over USD$3

billion on software, but a fully-automated system is still over the horizon. In 2002 the UK

brought a new area control centre into service at Swanwick, in Hampshire, relieving a

busy suburban centre at West Drayton in Middlesex, north of London Heathrow Airport.

Software from Lockheed-Martin predominates at Swanwick. The Swanwick facility,

however, was initially been troubled by software and communications problems causing

delays and occasional shutdowns.

Some tools are available in different domains to help the controller further:

 Conflict Alert (CA): a tool that checks possible conflicting trajectories and alerts the

controller. The most common used is the STCA (Short Term CA) that is activated about 2

minutes (or even less in approach context - 35 seconds in the French Roissy & Orly approach

centres - to not raise wrong alerts) prior the loss of separation . The algorithms used may also

provide in some systems a possible vectoring solution, that is, the manner in which to turn,

descend, or climb the aircraft in order to avoid infringing the minimum safety distance or altitude

clearance.
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 Minimum Safe Altitude Warning (MSAW): a tool that alerts the controller if an aircraft

appears to be flying too low to the ground or will impact terrain based on its current altitude and

heading.

 System Coordination (SYSCO) to enable controller to negotiate the release of flights

from one sector to another.

 Area Penetration Warning (APW) to inform a controller that a flight will penetrate a

restricted area.

 Arrival and Departure manager to help sequence the takeoff and landing of aircraft.

 Converging Runway Display Aid (CRDA) enables Approach controllers to run two final

approaches that intersect and make sure that go arounds are minimized

 Center TRACON Automation System (CTAS) is a suite of human centered decision

support tools developed by NASA Ames Research Center. Several of the CTAS tools have been

field tested and transitioned to the FAA for operational evaluation and use. Some of the CTAS

tools are: Traffic Management Advisor (TMA), passive Final Approach Spacing Tool (pFAST),

Collaborative Arrival Planning (CAP), Direct-To (D2), En Route Descent Advisor (EDA) and

Multi Center TMA.

 Traffic Management Advisor (TMA), a CTAS tool, is an en route decision support tool

that automates time based metering solutions to provide an upper limit of aircraft to a TRACON

from the Center over a set period of time. Schedules are determined that will not exceed the

specified arrival rate and controllers use the scheduled times to provide the appropriate delay to

arrivals while in the en route domain. This results in an overall reduction in en route delays and

also moves the delays to more efficient airspace (higher altitudes) than occur if holding near the

TRACON boundary is required to not overload the TRACON controllers. TMA is operational at

most en route air route traffic control centers (ARTCCs) and continues to be enhanced to address

more complex traffic situations (e.g. Adjacent Center Metering (ACM) and En Route Departure

Capability (EDC))

 Passive Final Approach Spacing Tool (pFAST), a CTAS tool, provides runway

assignment and sequence number advisories to terminal controllers to improve the arrival rate at

congested airports. pFAST was deployed and operational at five US TRACONs before being

cancelled. NASA research included an Active FAST capability that also provided vector and

speed advisories to implement the runway and sequence advisories.
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 MTCD & URET

1. In the US, User Request Evaluation Tool (URET) takes paper strips out of the

equation for En Route controllers at ARTCCs by providing a display that

shows all aircraft that are either in or currently routed into the sector.

2. In Europe, Eurocontrol launched a Medium Term Conflict Detection (MTCD)

Programme for use by ECAC States. Today several MTCD tools are

available: iFACTS (NATS), ERATO (DSNA ), VAFORIT (DFS). The

SESAR Programme should soon launch new MTCD concepts.

URET and MTCD provide conflict advisories up to 30 minutes in advance and have a

suite of assistance tools that assist in evaluating resolution options and pilot requests.

 Mode S: provides a data downlink of flight parameters via Secondary Surveillance

Radars allowing radar processing systems and therefore controllers to see various data on a

flight, including airframe unique id (24-bits encoded), indicated airspeed and flight director

selected level, amongst others.

 CPDLC: Controller Pilot Data Link Communications allows digital messages to be sent

between controllers and pilots, avoiding the need to use radiotelephony. It is especially useful in

areas where difficult-to-use HF radiotelephony was previously used for communication with

aircraft, e.g. oceans. This is currently in use in various parts of the world including the Atlantic

and Pacific oceans.

 ADS-B: Automatic Dependent Surveillance Broadcast provides a data downlink of

various flight parameters to air traffic control systems via the Transponder (1090 MHz) and

reception of those data by other aircraft in the vicinity. The most important is the aircraft's

latitude, longitude and level: such data can be utilized to create a radar-like display of aircraft for

controllers and thus allows a form of pseudo-radar control to be done in areas where the

installation of radar is either prohibitive on the grounds of low traffic levels, or technically not

feasible (e.g. oceans). This is currently in use in Australia and parts of the Pacific Ocean and

Alaska.

 The Electronic Flight Strip system (e-strip): A system of electronic flight strips replacing

the old paper strips developed by NAV CANADA, Frequentis, Avibit, SAAB etc. E-strips

allows controllers to manage electronic flight data online using touch-sensitive display screens

resulting in system feed of clearances, fewer manual functions and a greater focus on safety. The
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NAV CANADA system has been sold to the Air Navigation Services Providers in the United

Kingdom and Denmark.

 The Departure Manager (DMAN): A system aid for the ATC at airports, that calculates a

planned departure flow with the goal to maintain an optimal throughput at the runway, reduce

queuing at holding point and distribute the information to various stakeholders at the airport (i.e.

the airline, ground handling and Air Traffic Control (ATC)). The tool is developed to give

substantial environmental and safety benefits in peak hour operation

In Section 5 of this course you will cover these topics:
Future Of National Air Space System

The Federal Aviation Administration

You may take as much time as you want to complete the topic coverd in section 5.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to continue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later.

Topic Objective:

At the end of this topic student will be able to understand:

 Introduction to NAS

 Current NAS

 NGATS Test Bed Demonstration Center

 Infrastructure

 Precise surveillance

 Background
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 Upgrading The National Airspace System

Definition/Overview:

Air Traffic Control (ATC) is the service provided to pilots to assist them in operating their

aircraft in a safe, orderly and efficient manner. In Canada the air traffic controllers of the Air

Traffic Services Branch, Transport Canada, are responsible for providing vertical and horizontal

separation (known as a "block of protected airspace") between each aircraft being flown in

controlled airspace using Instrument Flight Rules (IFR). Canadian airspace extends from the

Canada-US border to the North Pole and from the Pacific Ocean to halfway across the North

Atlantic. Most flying in Canada is done under what is called Visual Flight Rules (VFR), in which

the pilot navigates the aircraft by visual reference to the ground and is responsible for seeing and

avoiding other aircraft. Only near busy airports which have a control tower will the pilot's VFR

flight come under the direction or guidance of Air Traffic Control. The other type of flight

operations are conducted under IFR, in which the pilot uses navigational aids, either ground-

based or on board the aircraft, to fly from one location to another. All scheduled airlines operate

IFR and thus it is the type of flight most people experience as passengers. Under IFR and in

controlled airspace, Air Traffic Control is responsible for separating flights and providing them

with a moving block of protected airspace to prevent collision. In VFR conditions the pilots can,

to a very large extent, separate themselves from other aircraft, including those operating IFR.

The IFR flight may be operated regardless of weather conditions such as clouds that do not

permit the pilots to see and avoid other aircraft; responsibility for these flights is shifted to the air

traffic controllers. There are several closely interrelated air traffic controller positions, probably

the best known of which are the control tower operators. Two types of functions are performed

from the control tower. The ground controller issues radio instructions to all aircraft and service

vehicles moving on or near the runways and the airport controller monitors (visually or on

RADAR) all aircraft landing, taking off or flying within the airport control zone. When aircraft

get too close to each other, the airport controller gives one or both planes a new course or

altitude to avoid a "confliction."
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Key Points:

1. Introduction to NAS

The National Airspace System (NAS) of the United States is one of the most complex aviation

systems in the world consisting of thousands of people, procedures, facilities, and pieces of

equipment that enables safe and expeditious air travel in the United States and over large

portions of the world's oceans. The NAS requires 14,500 air traffic controllers, 4,500 aviation

safety inspectors, and 5,800 technicians to operate and maintain services. It has more than 19,000

airports and 600 air traffic control facilities. In all, there are 41,000 NAS operational facilities. In

addition, there are over 71,000 pieces of equipment, ranging from radar systems to

communication relay stations.

2. Current NAS

The current NAS must change substantially in order to safely accommodate such demand.

Sensis, working with the NASA John H. Glenn Research Center, is collaborating with the FAA

and the Joint Planning and Development Office to implement a Next Generation Air

Transportation System (NGATS) Test Bed to evaluate these potential solutions. Also included

are Barco, Honeywell, Lockheed Martin, and WSI Corporation.

3. Upgrading the National Airspace System

Growth in air traffic is stressing an Air Traffic Control system that has not kept pace with

available, modernized technology in communications, navigation, surveillance (CNS) and air

traffic management automation. Maintaining the status quo will result in gridlock and significant

losses to the nation's economy, if airspace demand triples by 2025, as projected. In December,

2003 the Congress passed, and President George W. Bush signed in law the "Vision 100 Act
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(P.L. 108-176), which calls for an integrated, multi-agency plan to transform the United States'

air transportation system to meet airspace demand needs by 2025.

In keeping with the intent of P.L. 108-176 we call on Congress and the Administration to provide

funding for upgrading the National Air Space system by incorporating the latest technology in

communications, navigation, surveillance (CNS) and air traffic management automation.

IEEEUSA believes that focusing on technological investments can achieve long-term benefits.

Improvements will prepare the NAS for continued growth in air traffic, and IEEE-USA

recommends the following:

 Upgrade the Air Traffic Control (ATC) Centers. Accelerate replacement of outdated ATC

systems in the Terminal Control centers. The lack of system automation imposes limits on U.S.

airspace and airline efficiencies, and constrains technological advances. The absence of systems

automation imposes heavy workloads on air-traffic controllers; potentially increases the risk of

accidents in heavy traffic situations; and stifles the infusion of additional air-traffic management

technologies.

 Modernize NAS communication and surveillance systems. Accelerate implementation of

next-generation communications systems that replace outdated, analog voice communications

with digital voice and data systems. As an example, ADS-B-equipped aircraft broadcast their

precise positions in space via a digital data link. They can also pass along information, such as

airspeed, altitude and direction, to receivers in the air traffic control system or aboard other

aircraft. Using ADS-B in Alaska has reduced accidents 43 percent during a recent three-year

period in the Yukon-Kuskokwim River Delta, an area not served by conventional radar.

Therefore, we should pursue rapid implementation nationwide of Automatic Dependent

Surveillance-Broadcast (ADS-B) which improves pilot situational awareness and aviation safety,

both in-flight and during airport surface operations.

4. Background

Recognizing that the current approach to managing air transportation is becoming increasingly

inefficient and operationally obsolete, congress created the Joint Planning and Development

Office (JPDO) to plan the Next Generation Air Transportation System (NGATS). NGATS is
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being organized to address at least a two-fold increase in air traffic operations by the year 2025,

and a three-fold increase by 2035. Funding availability is crucial to NGATS' success; and

congress needs to understand what it will take to fund NGATS. Currently, NGATS receives

formal funding from the FAA, and also informal funding from several separate federal

government bodies, each with its own important, nonaviation program priorities. Establishing the

federal government's commitment to NGATS should help JPDO maintain the interest and

enthusiasm of numerous nonfederal stakeholders participating on a pro bono basis in the NGATS

effort. Expecting a similar increase in air traffic, Europe is moving in a parallel direction, with its

Single European Sky ATM Research (SESAR) program. In 2004, the European Commission

launched the Single European Sky legislation (SES). SES set the political framework for action

in Europe to support the need for doubling ATM capacity by 2020. SESAR is jointly founded by

the European Commission and EUROCONTROL. At the beginning of 2006, the European

aviation players have come together to execute the project, beginning with the first step of

SESAR: the definition phase. The SESAR consortium, represented by a balanced group of about

30 partners, draws upon the expertise of all major organizations within the aviation industry,

including airspace users, air navigation service providers, the supply industry and airports. As

noted in Recommendation 2, implementing Automatic Dependent Surveillance-Broadcast (ADS-

B) is a major step forward. Euro control has stated it will use ADS-B as one of the primary

pillars for future air-traffic management. The agency's CASCADE (Co-operative ATS through

Surveillance and Communication Applications Deployed in ECAC) program will lead and

implement the use of ADS-B. Euro control expects initial operation of ADS-B in 2011.The U.S.

timeframe for system operations is 2018-2020.

5. NGATS Test Bed Demonstration Center

This NGATS Test Bed Demonstration Center is located at the NASA Glenn Research Center in

Cleveland, Ohio and is connected to three airports that are also part of the partnership and that

are representative of airports across the U.S. Cleveland Burke Lakefront Airport is a towered

mid-size facility attractive to business jets and on demand air taxis. Cleveland Hopkins

International Airport is a large commercial hub airport. Lorain County Regional Airport is a non-
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towered, single runway, general aviation airport. These three airports are approximately 15 miles

apart.

6. Infrastructure

This NGATS Test Bed partnership will address a number of infrastructure and management

challenges required to transform today's air transportation system to the performance based

NGATS vision. Advanced communications elements in this Test Bed will include provision of

wireless data links for airport surface traffic management, air-ground trajectory negotiation, and

a common information sharing and data management network.

7. Precise surveillance

Precise surveillance will be provided by the latest generation integrated aviation surveillance

system. Decision support tools and ATC automation components will be prototyped to

implement and evaluate solutions for trajectory based and super density operations. Advanced

applications will be addressed including real time negotiation of aircraft trajectories, remote

virtual provision of airport tower ATC services, integrated management of airport traffic

movement, and automated safety alerts to the cockpits.

Topic Objective:

At the end of this topic student will be able to understand:

 Conception

 Proposed Technology

 Organization

 Rocket categories

 Amateur rocket operations
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 Licensed rocket operations

 Launch site operations

 General Requirements

 Quantitative Analysis

 System Safety Process

 Operating Restrictions

Definition/Overview:

The Federal Aviation Administration (FAA) is an agency of the United States Department of

Transportation with authority to regulate and oversee all aspects of civil aviation in the U.S. The

Federal Aviation Act of 1958 created the group under the name "Federal Aviation Agency", and

adopted its current name in 1967 when it became a part of the United States Department of

Transportation. The FAA is the single most influential governmentally-run aviation agency in

the world, with the European Aviation Safety Agency in a close second.

The Federal Aviation Administration's major roles include:

 Regulating U.S. commercial space transportation

 Encouraging and developing civil aeronautics, including new aviation technology

 Regulating civil aviation to promote safety, especially through local offices called FSDOs

 Developing and operating a system of air traffic control and navigation for both civil and

military aircraft

 Researching and developing the National Airspace System and civil aeronautics

 Developing and carrying out programs to control aircraft noise and other environmental

effects of civil aviation
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Key Points:

1. Conception

The terrorist attacks of September the 11th caused the Transportation Security Administration to

dramatically increase security measures. These increases also increased the time passengers had

to spend at the airport before making it onto a flight. After the tourism industry rebounded from

the recession caused by the attacks, the increase in traffic further increased the strain on the

system. NASA and the FAA saw in General Aviation the cure to the aviation industries

problems. With more than 3,400 small airports in the U.S. alone, a large amount of traffic could

be diverted from mass transit airline travel, to private, small aircraft General Aviation. With new

technologies proposed by NASA and new logistics, systems and infrastructure developed by the

FAA, the idea was born. The concept of the Small Aircraft Transportation System (SATS) was

first envisioned in the late 1980s in a workshop by the AIAA, NASA, FAA, and industry titled,

"The Role of Technology in Revitalizing the U.S. General Aviation Industry." The SATS

concept was first articulated by that name in the 1997 presentation by NASA at the Oshkosh

Airventure Convention, "Life after Airliners." The SATS concept emerged from the work of the

Advanced General Aviation Transport Experiments (AGATE) Alliance. The AGATE Alliance

was a public-private partnership (1994-2001), established by NASA, between government and

industry to revitalize the technology deployment capacity for the U.S. General Aviation industry.

Based on the technology design guidelines, system standards, and certification standards

developed by AGATE, a new generation of personal transportation aircraft was developed by

industry from around the world. These new aircraft appear to be economically and operationally

viable for use in on-demand transportation fleet operations. The first of the fleet operators began

services in 2005, with increasing numbers of companies starting operations in 2006 and 2007.

2. Proposed Technology

A poor safety record for small aircraft operating from general aviation airports, restricted

airspace capacity, and weather complications were seen as the greatest barriers to the expanded

use of small aircraft and community airports for public transportation. The SATS Project (2001-
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2006), conducted by NASA and partners in the National Consortium for Aviation Mobility

(NCAM) proved the viability of technical capabilities in the following four areas:

 High-volume operations at airports without control towers or terminal radar facilities

 Technologies enabling safe landings at more airports in almost all weather conditions

 Integration of SATS aircraft into a higher capacity air traffic control system, with

complex flows and slower aircraft

 Improved single-pilot ability to function competently in evolving, complex national

airspace.

3. Organization

AST is organized into three divisions:

 Space Systems Development Division (AST-100)

 Licensing and Safety Division (AST-200)

 Systems Engineering & Training Division (AST-300)

4. Rocket categories

According to current US law, rockets fall into three basic categories. Each category is usually

correlated to a specific set of regulations, though exceptions exist for all categories. For a rocket

to even be considered a rocket, its "thrust must be greater than lift for the majority of powered

flight". Model rockets do not require approval to be launched, and are defined as having all the

following characteristics:

 Unmanned

 Uses less than 4 ounces (113 grams) of propellant

 Uses a slow-burning propellant

 Made of paper, wood, or breakable plastic, containing no substantial metal parts and

weighing not more than 16 ounces (453 grams), including the propellant;

 Operated in a manner that does not create a hazard to persons, property, or other aircraft.
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Amateur rockets generally require a "Part 101 waiver" (or, more specifically, a waiver to 14 CFR

101.23(b)). They are defined as those rockets that cannot meet the definition of model rockets,

but can meet all the following conditions:

 Unmanned

 Launched from private site

 Burn time of less than 15 seconds

 Total impulse of less than 200,000 lbfs (890 kNs)

 Ballistic coefficient of less than 12 lb/in (8450 kg/m)

Licensed rockets are all other rockets, and are subject to AST's licensing process. A current

version of the regulations can be obtained here. The only exception to this is launches that are by

and for the government. NASA's shuttle and military rockets, for example, fall under this

category, and do not require a license to launch.

5. Amateur rocket operations

Generally, amateur rockets must request a waiver to enter national airspace. These waivers,

though they are granted by the FAA's Flight Standards Office, are monitored by the Office of

Commercial Space Transportation, in particular in cases where the maximum altitude of the

rocket is greater than 25,000 feet (7,600 m) above ground level (AGL). In these cases the launch

operator may be required to show analyses proving the safety of the proposed launch, and may

be subject to extra terms and conditions within the waiver itself.

6. Licensed rocket operations

For licensed launches, a launch operator must adhere to one of two sets of regulations, depending

on the reusability of his/her rocket. Expendable Launch Vehicles (ELVs) operate under Part 415,

whereas Reusable Launch Vehicles (RLVs) operate under Part 431.
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7. Launch site operations

Launch sites, in addition to the launch vehicles that operate there, must also receive authorization

from AST. The launch site regulations are contained in Part 420.

8. General Requirements

In general, when licensing launch operations, AST uses a 3-pronged approach to safety:

Quantitative Analysis, System Safety Process, and Operating Restrictions.

9. Quantitative Analysis

AST will generally require that the operator perform what's known as an "Ec Analysis." Ec

("Eee-sub-cee") is shorthand for Expected Casualty -- a calculation of the probability of casualty

to any and all groups of people within the maximum dispersion of the vehicle. In the simplest

case, a rocket will have containment, which means that there are no people or property located

within the maximum range of the vehicle. Most rockets, however, cannot achieve containment,

and must be regulated using a risk-based approach. A calculation of risk takes into account

various failure modes of the rocket, various locations of the people, various shelters in which

they reside, and various manners in which they can be hurt (direct impact, blast overpressure,

toxic cloud, etc.). The calculation is very involved, even for relatively small rockets. In all cases,

the assumptions in the calculation become the limits on the day of launch. For example, if a

vehicle is analyzed for malfunction turn due to thrust offset, and the assumed wind in the model

is 30 knots (56 km/h), then one of the GO/NO GO criteria on the day of launch will be a <30

knot wind. For AST, as it is with most government agencies, Unknown = No.

10. System Safety Process

Certain rockets are hard to quantify in an analysis. Newer vehicles especially do not have the

history required to demonstrate reliability, and thus the uncertainty in quantitative analyses can
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be substantial. In all cases, but especially in cases where quantitative uncertainty is at a

maximum, AST will require that the launch operator follow a System Safety Process. A System

Safety Process (SSP) can come in many forms, and generally involves "Top-Down" analyses

(such as Fault Trees), "Bottom-Up" analyses (such as a Hazard Analysis or Failure Modes &

Effects Analysis (FMEA)), and various other analyses as required (Fishbone). Rocket systems,

failure modes, external hazards, and everything else are analyzed with an eye towards public

safety. From these systematic analyses, mitigation measures - or actions taken to reduce the risk -

are developed. Just as in the quantitative analysis, these mitigation measures become GO/NO

GO criteria on the day of launch. AST will generally require verification (evidence of an

operator using mitigation measures) for every safety-critical system on the vehicle.

11. Operating Restrictions

In addition to all the operating restrictions developed in the quantitative analyses and system

safety processes, AST requires other restrictions be followed. These are described in the Code of

Federal Regulations. An example of an operating restriction is a Collision Avoidance Analysis

(COLA) for rockets operating above 150 km -- to preclude collisions with manned or manable

space structures (such as the ISS or Shuttle).
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