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ABSTRACT

For a number of years the National Physical Laboratory, supported by the Ministry of
Defence, has been developing AIRNOISE, a mathematical model for computing aircraft
noise contours. The model is now being extended to include helicopter operations. In
order to provide basic source noise data for the model, a special noise trial - Exercise
Keevil - has been conducted at RAF Keevil in Wiltshire. One helicopter of each of six
types performed a variety of flight operations over an array of microphones. Information
on aircraft position and speed were obtained by video tracking techniques. This report
describes the trial and presents the results obtained.
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1 INTRODUCTION

For a number of years the National Physical Laboratory, supported by the Ministry of
Defence has been developing AIRNOISE, a mathematical model for computing aircraft
noise contours '. The model is used by the RAF Institute of Health and Medical
Training to determine eligibility for compensation for noise nuisance. Details of the
compensation criteria and the background to them have been described by Berry and
Weston % NPL is currently working on the extension of the model’s capabilities to
allow it to be used for helicopter operations at airfields and helicopter landing sites.
Although there exist a number of noise databases for a wide range of helicopter
types °, they were found to be inappropriate for the helicopter types of primary interest
to the Ministry of Defence. It was therefore decided that a new noise trial was required
to obtain basic source noise data for use in the AIRNOISE model. This report describes
the trial and presents the results obtained. Details of the helicopter noise model itself
and of the way the noise measurement database presented in this report is used in the

model will be the subject of a separate report.

2 FLIGHT TEST PROGRAMME

The helicopter types used in the trial were Wessex (Mk 1), Puma (Mk 1), Gazelle, Sea
King (Mk 4), Lynx (Mk 1) and Chinook CH47C (Mk 1).

The noise trial took place at RAF Keevil. This is an old wartime airfield. The base is
disused though the main runways and surrounding airfield are maintained for operational
training. It was selected because of its availability for sole use by the trial team and for
its relative remoteness from residential areas. The operational aspects of the trial were
supported by No. 1 Group RAF Upavon who contributed air traffic control facilities and

fire/rescue cover. Figure 1 shows an overall view of the airfield.

On arrival at the airfield each helicopter landed close to the Control Tower, and the
crew were briefed on the planned flight programme in order to come to an agreed set
of flight operations. The starting point of the briefing was the list of operations shown

in Table 1. Typically each aircraft performed a series of standard departures and
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approaches based on designated landing pads at either end of Runway 13/31, level flights
in both directions along the line of this runway, special departures and approaches, and
hover conditions over a marked hover pad at H on Figure 1. For each helicopter
approximately 18 flight conditions were tested, over a period of 45 minutes to 1 hour.
Radio communication was maintained with the crew and repeat or modified conditions
were included as necessary. At the end of the sequence of flights the crew returned to
the Control Tower to de-brief and to return a special record sheet with information on

engine and blade data, airspeed and height, etc.

3 NOISE MEASUREMENTS

The main NPL microphone array consisted of five sets at 100 metre spacing centred on
the intersection of Runway 13/31 with the main runway (06/24). A further set,
designated NPL 4, was deployed in line with the flight track. The location of the sets
is shown on Figure 1. Each set consisted of a microphone at the conventional height of

1.2 m, and another in the ground plane.

RAF IHMT used a similar array along Runway 01/19, with conventional and ground

plane microphones. Locations are also shown in Figure 1.

Each microphone signal was recorded digitally using either DAT or PCM systems,
together with IRIG B time-code signals. Data from the ground plane microphones are
not included in this report, but are being analysed separately as part of the programme

of work on this topic reported on previously by Payne *

4 AIRCRAFT TRACKING

Techniques developed at NPL for video tracking are described in Appendix 1. NPL
teams operated two video camera systems at the Control Tower. In addition a vertical
camera was used at the centre of the NPL microphone array directly under the flight
track. The RAF IHMT operated one camera system situated at the southern end of
runway 01/19 such that its field of view covered their microphone array. A second

camera was positioned at the south-east end of runway 13/31, pointing directly down the
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runway to determine any lateral offset to the planned flight track.

Using the techniques outlined in Appendix 1, values for the height of the helicopter and
the time when it was directly over the centre of the microphone array were calculated.
Slant distances between each microphone location and the flight track were then
obtained for all events. Ground speeds were also calculated. In the case of the NPL
sites both the vertical camera and the sideline cameras were used and a mean value
determined. Where departure or approach operations were involved, flight profiles and
rate of climb/descent were also determined. This information is not given in this report

but is being used in the interpretation of the noise data for modelling purposes.
5 DATA ANALYSIS AND RESULTS

5.1 NPL analysis

Each recorded signal was replayed in the laboratory through a Cirrus Research 2.36 data
acquisition integrating sound level meter. This stores successive values of the equivalent
continuous A-weighted sound pressure level, L., 125 s » fOr later transfer to a portable
computer (PC). Firstly the complete sequence of events for each helicopter at each site
was stored as a single record. An example is shown in Figure 2 for the Lynx. The
analysis software then allows each separate event to be examined in detail on the PC
screen. By this process values of L, the maximum value of L., 155 s Occuring during

an event, and of the associated Sound Exposure Level, L, , were obtained.

5.2 RAF IHMT analysis

Each recorded signal was replayed through a Bruel and Kjaer type 2131 frequency
analyser. The 1/3 - octave band spectra were sampled every 125 ms and stored on
computer. Several noise measures were then calculated, including L,,,., and L,z. More
detailed 1/3 - octave band data and other measures remain available for more detailed

analysis in future.

5.3 Results
The data on noise levels and slant distances have been assembled in a spreadsheet

format and are presented in Tables 2 to 19. For the parts of the trial where the

3
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helicopter was in hover, only values of L, are given. Where slant distance data for
RAF IHMT sites are in brackets, this denotes the use of NPL data.

6 CONCLUSIONS

A successful trial has been conducted, giving a unique set of noise data on six military
helicopters flying a range of standard and special operations. This noise measurement
database can now be interpreted to provide the essential input data for the modified
AIRNOISE model.
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Table 1 Basic flight programme for noise trial briefing
1 Standard take-off
2 Level flight : 150 ft : cruise speed
3 As 2, opposite direction
4 Level flight : 150 ft : max. speed
5 As 4, opposite direction
6 Standard approach from 500 or 1000 feet
7 Accelerated special take-off
8 Level flight : 300ft : cruise speed
9 As 8, opposite direction
10 | Level flight : 300 ft : max. speed
11 | As 10, opposite direction
12 | Special descent to hover point
13 | Hover at 10 ft *
14 | Hover at 50 ft *
15 | Hover taxi and accelerated take-off
16 | Level flight : 150 ft : low pitch angle
17 | Level flight : 150 ft : high pitch angle
18 | Additional run as required
Hover tests:

(i) Start on heading along runway, towards NW, hold for 30 secs
(i) Rotate 30 degrees counter clockwise, hold for 30 secs

(iii) Repeat every 30 degrees to 180 degrees

RSA(EXT) 0042
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APPENDIX 1 Video tracking techniques

Reprinted from SAE Aerospace Information Report AIR 902
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AIRCRAFT TRACKING

A BRIEF DESCRIPTION OF VIDEO TECHNIQUES USED
AT THE NATIONAL PHYSICAL LABORATORY, UK

INTRODUCTION

The NPL vidco tracking system cvolved from a requircment to mcasure the position of an
aircraft during manocuvres that involve tumms and changes in altitude as well as straight and

level flight. In addition it was decided that the system should use low cost domestic
cquipment.

Three techniques have been developed, cach for a specific tracking task;
(a) a singlc "horizontal" camcra system, that is suitable for use when the aircraft is
flying a straight ground track;
(b) a two camera system, that can be used when the aircraft is flying curved ground
tracks;

(c) a single "vertical” camcra system, positioned underncath the aircraft flight track
to provide altitude data.

Techniques (a) and (b) arc designed to be used when the aircraft flight path is a considerable
distance from thc mcasurcment location and a knowledge of aircraft dimensions is not
required; the aircraft position is cstimated rclative to a single recognition point (cg nosc or
tail). Technique (c) requires details of the actual size of the aircraft to be tracked and is
cffectively the video cquivalent of the still camera method in AIR 902.

A brief description of cach technique is given below.

TECHNIQUE (a) - TRACKING BY A SINGLE HORIZONTAL CAMERA

This technique can be used when an aircraft flics on a constant heading and hence follows
a straight ground track.

Figurc 1 Tracking by a singlc horizontal camera.
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A single video camera is sct up at a lateral distance of about 1 km from the flight track (scc
Figure 1). A graduated pole, 2 m in height, is placed at the centre of the camera's ficld of
view, with graduations so spaced that at a distance of 3 m, they subtend angles at the camera
of two degree intervals. The bearing of the pole and camcra are arranged by magnetic
compass to bc approximately at right angles to the flight track, and the ground co-ordinatcs
of the camera arc located accurately with the aid of a large-scalc map.

The aircraft flypast is rccorded on video tape, and the recording is then replayed on a
television monitor. The replay is paused as the image of the aircraft passes behind the
graduated pole, and the clevation of the aircraft above the horizon, B, is dcterminced with
reference to the markings on the pole. The distance, /, from the camera to the intcrcept on the

ground track is known and hence the altitude of the aircraft, A, is determined simply using
the Tangent formula, as follows:

h=1tan B wex 1)

TECHNIQUE (b) - TRACKING BY TWO CAMERAS

This technique can be used where an aircraft makes a turn in fli ght, usually immediatcly after
take—off or during approach. .

'y

-4

\ b :r: \[}
/ \\ 113

Figurc 2 Tracking by two cameras.

The two cameras arc positioned at known ground co-ordinates, cach with a graduated polc
3 m away, (as with the single camera described above). The cameras arc oricntated so that
their ficlds of view overlap in an arca of sky through which the aircraft is to fly (sce
Figure 2), and the angles of view arc arranged to provide the maximum coverage of the cvent
to be tracked. However, care must be taken to ensure that the cameras do not dircctly face
onc another, since small changes in the bearing of an aircraft from the two sites would then
result in large inaccuracics in the detcrmination of aircraft position.

Ideally the camecras arc positioned with their viewing axcs as close to right angles to onc
another as can be achieved. The graduated pole at the centre of the ficld of view of cach
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camera provides a datum from which the respective camera bearings arc determined using a
compass. Carcful filming of local landmarks, togcther with their noted bearings cnables later
verification and, where nccessary, correction of camera bearings. (Note: To align with the
large—scale map uscd, these bearings might have to be converted from magnetic north to grid
north.)

The image of the aircraft is recorded on video tape simultancously with an IRIG B time code
signal. The recordings are replayed and scctions of synchronous rccording from cach site arc
located. The images of the aircraft arc then "frozen" at one—-second intervals and co-ordinate
rcadings arc taken, cither manually from a graticule superimposed on a monitor screen or
automatically using suitable image processing software. The coincident azimuth and clevation
angles of the aircraft from cach camera position are determined throughout its movement
across the monitor screen, from the co-ordinates of the aircraft on the screen, the bearing of
the mast and the calibration of the screen graticule. This information is then processed using
the formulac derived below to determine the map co-ordinates of the aircraft's ground track,
and the aircraft height and speed at 1 sccond intervals.

=N

Pl(xv YI) 5 pz(xz» Y2
==

Figure 3 Geometry for determination of instantancous ground
co-ordinates and altitude of an aircraft in flight.

Referring to Figure 3, the ground co-ordinates in the x-y planc of the positions of camcras
1 and 2, respectively Py (x,, y,) and P, (x,, ¥,), arc known. At an instant capturced on the video
recordings the aircraft is at point R, vertically above point Q on the ground whosc co-
ordinates (x,, y,) arc to be determined. The altitude RQ is also to be determined. The azimuth
grid bearings (x-y planc) of P,Q and P,Q, respectively ¢, and ¢,, arc dctcrmined by
measurcment from the monitor screen, and so are the clevation angles, B, and B,, of the
aircraft from the two camcra positions.
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Let P,Q be defined by:
Y = mX, + ¢,

and let P,Q be defined by:
Y2 =MmX; + G

The gradient of equation (2), m,, is given by:
m,; = tan (90-¢,) = 1/tan ¢,

and the gradient of equation (3), m,, is given by:

m, = tan (90-¢,) = 1/tan ¢,

AT Py, x, and y, are known, so the intercept of cquation (2) is given by:

G=Yi—-mX, =y - X/tan ¢,

and similarly the intercept of equation (3) is given by:

Q=Y -my X, = ¥, - X,y/tan ¢,

At Q’ (xa! YI)’

mlx;+ cl = y‘: mzxa + CZ

so that

X, = (¢; = ¢)) / (m, - m,)
and

Gu-c)/my = x = (v, - ¢) / m,
so that

Yo = (m; ¢ - m; ¢)) / (m; - m,)
The aircraft altitude is given by:

RQ =P,Qtan B, = P,Q tan B,
where

P,Q = V[(x, - x,)* + (. = )l
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and

P:Q = V[(x, - x.)* + (¥, - ¥] - (14)

RQ should be identical from cither determination, but in practice small differences may occur
duc to slight inaccuracics in mcasurcment of the bearing and clevation angles from the
monitor screen. In practice, therefore, RQ is taken as the mean of the two detecrminations, ic

RQ=(®P,Qtanp, + P,Qtang) /2 a (15)

TECHNIQUE (c) - SINGLE VERTICAL CAMERA FOR HEIGHT DATA

This technique can be used for an aircraft in straight and level flight.

The video camera is positioned dircctly beneath the flight path pointing vertically upwards.
Accurate vertical alignment of the viewing axis is achicved using spirit levels. The video
recording of the flyover is replayed on a television monitor with a screen dimension w, along
the axis of a chosen aircraft dimension. The image of the aircraft is "frozen” in the middle
of the screen and d, the chosen dimension, measured. If the actual magnitude of this aircraft
dimension is D, the aircraft altitude, &, may be cstimated from:

h=Dw/2d tan (0/2) .. (16)

where 8 is the camera ficld of view and is the video camera cquivalent of f, the focal length
such that;

f=w/2tan (6/2) v (17}
Note: the ficld of view of the camera, in degrees, may be determined by pointing thc camera

at a screen positioned a fixed distance away. If the cdges of the image scen through the
camcra arc marked on the screen and measured, the ficld of view is rcadily determined.
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