National Air Traffic Services

Applications in Flight Data Processing

Introduction

The National Airspace System (NAS) computer is based at West Drayton. It holds data on all flights travelling or due to travel in British airspace and has links to airports in this country and control centres both in this country and abroad.

It receives flight data on all flights due to travel in Europe from the Central Flow Management Unit in Brussels and disseminates appropriate information in a timely manner to controllers. It also receives radar data on all aircraft within range of British radars and correlates this with flight data, updating the estimated times at given points along the route of flight. NAS has access to vast databases containing such information as definitions of sectors and routes, and aircraft characteristics.

The route of a flight is defined by a set of fixes, which correspond (or are related to) beacons on the ground. Flight levels are given in hundreds of feet, so FL250 represents 25,000ft.

1 Planning Ahead

Several hours ahead of  a flight’s planned arrival or take-off NAS receives flight plan data which includes the aircraft’s type, route and requested altitude.

NAS converts the route into a set of fixes and works out a Calculated Time of Arrival for each of these fixes. At an appropriate time ahead this data is then sent to the controllers through whose sectors the flight will pass.

In plan view the route leaving an airport at A might look like this, where B,C,D,E are all fixes.
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Suppose distances and bearings are as follows:

AB  (15nm,  270o),  BC  (8nm, 290o), CD  (30nm, 340o), DE  (60nm, 020o)  

At this stage a fairly rough estimate of times is all that is necessary so NAS uses a simple model of how an aircraft flies by assuming a straight line climb to the requested altitude. 
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P is the point at which the aircraft reaches its cruising altitude. 

Suppose a Boeing 777 (200 series) leaves the airport at A, requesting FL270.

According to the NAS database, the average climb rate for this type of plane is 1600 ft/min and its cruising speed is 485 knots. Its ground speed during climb is taken to be 80% of the cruising speed.

Ignoring the effect of wind


Time to reach cruising altitude = 27000 / 1600 min





 
  = 16.875 min


Ground speed


  =  80% of  485 / 60 nm/min






  =  6.47 nm/min


Distance travelled

  =  109 nm

Top of Climb is therefore between Dand E, 4 nm before E.

We can now work out the time and altitude at each of the fixes B, C, D, E.

In practice NAS also has access to Met data, so can make allowance for the effect of wind at different altitudes.

Suppose the average wind vector for the segment AB is 30 knots from the SW.
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The component of the wind in the direction of BA is 






    30 cos 45o





=  21.2 knots

so the aircraft’s ground speed will be 






    80% of 485 – 21.2 knots






=  366.8 knots







or 6.11 nm / min

Similar calculations are needed on each route segment to establish the position of the Top of Climb and the time at which the aircraft will be over each fix.

The times calculated in this way are used for planning purposes only. Once the flight is airborne they are checked regularly against progress shown on radar and updated as necessary.

Note:

For applications requiring greater accuracy a more sophisticated flight model is used.
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The total energy equation is:
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where F is the thrust, D is the drag (which depends on V), V is the speed, h is the height and m is the mass. The rate at which m decreases depends on the rate at which fuel is used up, which depends on F.

Iterative methods are needed to solve such an equation along with detailed data on aircraft engine performance and how the flight management system is set to control the aircraft.

2 Using Radar to Correct an Initial Estimate

For flights which arrive from abroad rather than taking off from UK airports, NAS bases its CTA calculations on the time when the foreign control centre estimates that the flight will arrive at the first fix in UK airspace. This fix is known as the inbound co-ordination fix. Such estimates may not be very accurate.

UK radar can however see and identify the flight well before it reaches the inbound co-ordination fix, so NAS is able to work out a more reliable estimate of the time at which the flight will pass the fix.

Of course the flight may not intend to pass directly overhead the fix, so what we want is the calculated time it will be “at or abeam the fix”. The flight is “abeam” the fix when it crosses the perpendicular to the route segment along which the flight will leave the fix.

NAS estimates the aircraft’s speed and direction by measuring its progress over a number of successive radar plots. Radar positions are given as (x,y) coordinates relative to the system plane. The sytem plane is defined by a pair of axes pointing E and N and has its origin somewhere West of Lands End.
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In this diagram A is the inbound co-ordination fix, AB is the route segment leaving the inbound co-ordination fix and UV is the perpendicular to AB through A. PQ represents the path of the flight.

Once NAS radar has identified the flight NAS uses a succussion of plots to estimate  the position and velocity of the aircraft. Suppose that relative to the system plane P is at (p,q) and the velocity vector is (u,v) T.

We need first to check that the aircraft is actually heading for the correct inbound co-ordination fix. Our test for this is that the point Q should be within 10 nm of A.

It is convenient to work relative to a set of axes AB and AV.

If the bearing of B from A is and A is at the point (a,b) then relative to the new axes

P is at  

(p’,q’) = ((p-a)sin + (q-b)cos p-a)(-cos+(q-b)sin
and the velocity vector is


(u’,v’)T = ( usin   + v cos ,   u(-cos ) + v sin  )T


Relative to the new axes, the equation of  line PQ is



(y-q’) / (x-p’) = v’ / u’

which crosses the new y-axis at 



y = q’ – p’(v’ / u’)

If this value is less than 10 nm then we assume that the flight is heading for route segment AB and proceed to the next part of the calculation.

The time for the flight to reach Q will be given by 



t = p’ / u’.

Once the time at which the flight will reach Q is known, then the Calculated Time of Arrival can be adjusted for every fix along the route of flight.

3 Short Term Conflict Alert

If two aircraft are both flying at the same level they may get too close to each other.

NAS constantly monitors the radar data on all flights to predict their distance of closest approach. If a breach of separation is possible within the look-ahead period, then the controller will be alerted as both targets will start to flash on his radar display.
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Suppose that the three aircraft shown are in level flight at the same altitude and their position and velocity vectors relative to the system axes are r(i) and v(i) for i = 1,2,3. NAS carries out a series of checks.

1) Any pair of aircraft which are currently more than 51 nm apart will be ignored in all further comparisons, so the first check is:




R0 = | r(i) – r(j) | > 51.

2) A current lateral conflict exists between aircraft i and j if 




R0 = | r(i) – r(j) | < 50.

3) Two aircraft are in a state of predicted lateral conflict if all the following conditions apply.

a) The tracks are generally comverging towards each other.

b) The tracks are not converging excessively slowly.

c) The predicted minimum separation between the tracks is less than 50 nm.

d) The predicted minimum separation occurs within the next 16 minutes.

The tests for these conditions are as follows:

a) VC = ( r(i) – r(j) ) . ( v(i) – v(j) ) < 18 nm2/h

b)  V = | v(i) – v(j) | > 7 nm/min 

c) RM2 = R02 + VC X TM < 502 nm2 where TM = - VC / V2
d) TM  < 16 min

A pair of aircraft which is in a state of predicted lateral conflict will be retested 18 seconds later using smaller distance and time parameters.

For aircraft which are not both in level flight, NAS performs a set of complex calculations relating to expected altitude before considering lateral separation.

Similar calculations can be used to enable the controller to see in advance whether an instruction which he is about to issue to a pilot will cause a conflict situation in the future. 

4 Is the system safe?

Air Traffic Control is a Safety Related activity. Each piece of equipment is therefore designed to the highest safety standards and in many cases duplicate equipment is provided so that if one item fails another takes over.

A new system is to be provided passing information from Heathrow Airport to the Terminal Control Room at West Drayton. As part of the system design a decision has to be made as to whether it is necessary to provide duplication.

The new system takes data from the Ground Movements Radar (GMR) at Heathrow, combines this with data from NAS, and sends the output to a display in the Terminal Control Room. 

For a sceme in which the new system is duplicated, the Reliability Block diagram (simplified to omit communications networks) looks like this:
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For all existing systems records of failure are kept and an experimental probability of failure is calculated annually using data from the previous 4 years.

The reliablity of a system is then defined as 1 – P (failure).

We know that RGMR = RNAS = 0.9999

For the system above: 

If a single New system is introduced the reliability of the system is

RGMR x RNEW x  RNAS

If the New system is duplicated the reliability of the system is

RGMR x (1 - (1 - RNEW )2)  x RNAS
Duplicating the New system therefore causes an improvement in reliability 
of


dual/single x 100% 

= (1 - (1 - RNEW )2) x 100 / RNEW  %
For the new system, no historical data is available so we work out the improvement achieved by using the dual thread design for various values of RNEW
	RNEW
	0.1
	0.2
	0.5
	0.75
	0.99
	0.999
	0.9999
	0.99999

	Improvement
	190
	180
	150
	125
	101
	100.1
	100.01
	100.001


If the new system was very unreliable then there would be a significant benefit in using the dual thread design.

However we have no intention of installing an unreliable system.

If the new system is as reliable as NAS and GMR 

i.e. RGMR = RNEW = RNAS = 0.9999

then the single thread design would give a reliability of 

0.9997 (equals 3 failures in 10,000 hours)

whereas the dual thread design would give a reliability of 

0.9998 (equals 2 failures in 10,000 hours)

We could conclude from this that the reliability gain from a dual thread design would not justify the extra cost.
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