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8.8.1 The stationary element sensitive spirit level graduated to represent 2 min of arc, is mounted on the north side of the rotor

pA This unit indicates the tilt of the sensitive element. A damping weight is attached to the west side
.gaS‘;'e rotor case in order that oscillation of the gyro axis can be damped and thus enable the compass
o P o rotor case is suspended, along the vertical axis, inside the vertical ring frame by means of the

ension wire (7). This is a bunch of six thin stainless steel wires that are made to be absolutely free
58 orsion. Their function is to support the weight of the gyro and thus remove the load from the

ﬁ:;,port pearings (2).
S

This is the main supporting frame that holds and encases the movable element. It consists of the o
frame and base, together with the binnacle and mounting shock absorbers. The top of the majp su
frame (11) (Figure 8.23) holds the slip rings, lubber line and the scale illumination circuitry, Whil o
main shaft, connected to the phantom ring (12), protrudes through the supporting frame ¢ hf)t ?
compass card that is visible from above.
A high quality ball bearing race supports the movable element on the base of the majp sugl
frame in order that movement in azimuth can be achieved. The base of the whole assembly ¢ h'"_
of upper and lower base plates that are connected at their centre by a shaft. Rotation of the y ol
in relation to the lower plate enables mechanical latitude correction to be made. The latitude COTreny
(16) is provided with upper and lower latitude scales graduated in 10 units, up to 70° north op :
latitude, either side of zero. Latitude correction is achieved by mechanically rotating the Moy “,
element relative to the stationary element thus producing a shift in azimuth. The fixed scale 0 )
latitude adjuster (16) is secured to the stationary element with a second scale fixed to the movgk
element. To set the correction value, which should be within 5° of the ship’s latitude, is simply 5 “_‘
of aligning the ship’s latitude on the lower scale with the same indication on the upper scale of -:‘f
vernier scale. '
Also supported by the base plate are the azimuth servomotor and gear train, and the bearing stepy
transmitter.

") 5 Tilt stabilization (liquid ballistic)

A enable the compass to develop a north-seeking action, two ballistic pots (3) are mounted to the
ah and south sides of the vertical ring. Each pot possesses two reservoirs containing the high

32 asity Jiquid ‘Daifloil’. Each north/south pair of pots is connected by top and bottom pipes providing
otal liquid/air sealed system that operates to create the effect of top heaviness.

a Because the vertical ring and the rotor case are coupled to each other, the ring follows the tilt of the
[0 Spin axis. Liquid in the ballistic system, when tilted, will generate a torque which is proportional

o the angle of the tilt. The torque thus produced causes a precession in azimuth and starts the north-

eeking action of the compass.

8.8.2 The movable element g.8.4 Azimuth stabilization (phantom ring assembly)

With the exception of the phantom ring, the movable element is called the sensitive element (Fig
8.24). At the heart of the unit is the gyro rotor freely spinning at approximately 12 000 rpm. The rg
is 110 mm in diameter and 60 mm thick and forms, along with the stator windings, a three-ph;
induction motor. Gyroscopic inertia is produced by the angular momentum of the rapidly spinnj
heavy rotor. Rotation is counter clockwise (counter earthwise) when viewed from the south end,

Gyro freedom of the north/south axis is enabled by the phantom ring and gearing. This ring is a
\ertical circle which supports the north/south sides of the horizontal ring (on the spin axis) by means
of high precision ball bearings.

A small oil damper (6) is mounted on the south side of the sensitive element to provide gyro
\abilization during the ship’s pitching and rolling.

The compass card is mounted on the top of the upper phantom ring stem shaft and the lower stem
shaft is connected to the support ball bearings enabling rotation of the north/south axis. The azimuth
gearing, located at the lower end of the phantom ring, provides freedom about this axis under a torque
from the azimuth servomotor and feedback system.
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SEAOABER 8.8.5 Azimuth follow-up system

Damping weight

The system shown in Figure 8.25 enables the phantom ring to follow any movement of the vertical

fing. The unit senses the displacement signal produced by misalignment of the two rings, and

. amplifies the small signal to a power level of sufficient amplitude to drive the azimuth servo rotor.

Movement of the azimuth servo rotor causes rotation, by direct coupling, of the phantom ring
{e #sembly in the required direction to keep the two rings aligned.

The sensing element of the follow-up system is a transformer with an ‘E’-shaped laminated core

ﬂl}d a single primary winding supplied with a.c., and two secondary windings connected as shown in

Flgure 8.25. With the ‘E’-shaped primary core in its central position, the phase of the e.m.f.s induced

iithe two secondaries is such that they will cancel, and the total voltage produced across R1 is the

pply voltage only. This is the stable condition during which no rotation of the azimuth servo rotor

Vertical ring : %Curs, If there is misalignment in any direction between the phantom and the vertical rings, the two

assembly ! tm.fg induced in the two secondaries will be unbalanced, and the voltage across R1 will increase or

Spirit tevel

Liquid ballistic

Figure 8.24 The compass sensitive element. fase accordingly.
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1

) nted the primary coils of the follow-up pick-off transformers. With no tilt present, the sphere

%" Jine will be horizontal and central causing distance a to be equal to distance b producing equal

i
Follow up Complementary ! alre ) ) ‘
transformer push pull | +ve i © itude outputs from the follow-up transformers which will cancel. Assuming the gyrocompass is
sy class B C%ift\;g' Azimuth 4 4 up and to the east of the meridian, the gyrosphere will take up the position shown in Figure 8.26.

i
: . . > | servo sphere has moved closer to the south side of the chamber producing a difference in the distances
| 1[ re amp 1 p. The two pick-off secondary coils will now produce outputs that are no longer in balance.

d :
> ET__J_} a ,z;rflcrence signals thus produced are directly proportional to both azimuth and tilt error.

ach pick-off transformer is formed by a primary coil mounted on the gyrosphere and secondary

- | 0

1
i
| Loy | > q ‘ ,CE_Off coils mounted on the sensitive element assembly. The primary coils provide a magnetic field,
Primary | : pr n the 110V a.c. supply used for the gyrowheel rotor, Wth'h couples with the secondary to produce
1 Secondary ”JW \ o £ depending upon the relationship between the two coils.
! , Servo 4 Figure 8.27 shows that the secondary coils are wound in such a way that one or more of the three
. : reference stput signals is produced by relative movement of the gyrosphere. X = a signal corresponding to the
Mounted on f Mounted o RN gistance of the sphere from each secondary coil; ¢ = a signal corresponding to vertical movement; and
it | Mounted on vertical ring Produces N/§ axi; _ a signal corresponding to horizontal movement ' .
movement of the In the complete follow-up system shown in Figure 8.28, the horizontal servomechanism, mounted
‘ phimiom viag the west side of the horizontal ring, permits the sensitive element to follow-up the gyrosphere about .
Figure 8.25 The Sperry compass azimuth follow-up circuit. one horizontal axis. This servo operates from the difference signal produced by the secondary pick-off
f:)ils, which is processed to provide the amplitude required to drive the sensitive element assembly in
\
This_error signal is pre'—amplified and used to dﬁve a complementary'push/pull power amplifigy X pick off ‘i
producing the necessary signal level to cause the azimuth servo to rotate in the required direction to (distance) \

re-align the rings and thus cancel the error signal. Negative feedback from T2 secondary to the pre.
amplifier ensures stable operation of the system. )
i Another method of azimuth follow-up control was introduced in the Sperry SR220 gyrocomp
i (Figure 8.26).

In practice only a few millimetres separate the sphere from the sensitive element chamber. The poj
of connection of the suspension wire with the gyrosphere, is deliberately made to be slightly above fhe
centre line of the sphere on the east—west axis. At the north and south ends of the horizontal axis

I
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o tilt
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Mounted on gyrosphere

Horizontal
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a=b
- notilt

\ J

v
1 Diagrammatical representation
of the centre secondary coils

Figure 8.26 Simplified diagrams of the gyroball action in the Sperry SR220 gyrocompass. ] Figure 8.27 Follow-up signal pick-off coils.
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Figure 8.28 The Sperry SR220 follow-up system.

azimuth by rotating the phantom yoke assembly in the direction needed to cancel the error signa], In
this way the azimuth follow-up circuit keeps the gyrosphere and sensitive element chamber in
alignment as the gyro precesses.

8.9 A digital controlled top-heavy gyrocompass system

In common with all other maritime equipment, the traditional gyrocompass is now controlled by 4
microcomputer. Whilst such a system still relies for its operation on the traditional principles already
described, most of the control functions are computer controlled. The Sperry MK 37 VT Digi Al
Gyrocompass (Figure 8.29) is representative of many gyrocompasses available. The system has threg
main units, the sealed master gyrocompass assembly, the electronics unit and the control panel.

The master compass, a shock-mounted, fluid-filled binnacle unit, provides uncorrected data to the
electronics units which processes the information and outputs it as corrected heading and rate of t
data. Inside the three-gimbals mounting arrangement is a gyrosphere that is immersed in silicone flul
and designed and adjusted to have neutral buoyancy. This arrangement has distinct advantages oVe
previous gyrocompasses.

@ The weight of the gyrosphere is removed from the sensitive axis bearings.

@ The gyrosphere and bearings are protected from excessive shock loads.

® Sensitivity to shifts of the gyrosphere’s centre of mass, relative to the sensitive axis
eliminated. '

@ The effects of accelerations are minimized because the gyrosphere’s centre of mass and the cent
of buoyancy are coincident.

The system’s applications software compensates for the effects of the ship’s varying speed and 10
latitude in addition to providing accurate follow-up data maintaining yoke alignment with
gyrosphere during turn manoeuvres.
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Master compass

Electronics control unit

Figure 8.29 Sperry Mk 37 VT digital gyrocompass equipment. (Reproduced courtesy of Litton
Marine Systems.)

89.1 Control panel

All command information is input via the control panel, which also displays various data and system
Indications and alarms (see Figure 8.30).

The Mode switch, number 1, is fixed when using a single system, the Active indicator lights and
d figure 1 appear in window 13. Other Mode indicators include: ‘STBY’, showing when the
&focompass is in a dual configuration and not supplying outputs; ‘Settle’, lights during compass
,S'“a_“‘up; ‘Primary’, lights to show that this is the primary compass of a dual system; and ‘Sec’, when
IS the secondary unit.
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VERTICAL RING

GYRO WHEEL

Figure 8.32 Ballistic system of the Sperry MK 37 VT
ot S et perry gyrocompass. (Reproduced courtesy of Litton

The liquid ballistic assembly, also known as the control element because it is the com "
me}kes thp gyrosphere north-seeking, consists of two interconnected brass tanks partiall pf(') ][;em i
silicon oil. Small-bore tubing connects the tanks and restricts the free flow of fluid be? -
Because the time for fluid to flow from one tank to the other is long compared to the ship’ o th
roll acceleration errors are minimized. P S

Follow-up control

An azimuth pick-off §ignal, proportional to the azimuth movement of the vertical ring, is derived fi
an E_foée se?lsor unit and coupled back to the servo control circuit and then to the azimuth me
mounted on the support plate. When an error signal is detected the azi i im
et pacal, Tos el g e azimuth motor drives the azimi
R Heading datg from the synchronous transmitter is coupled to the synchro-to-digital converter (S

SSY) where it is converte:d to a 14-bit word before being applied to the CPU. The synchro heads
daFa, 115V a.c., 400 Hz reference, 90 V line-to-line format, is uncorrected for ship’s speed error &
latitude erro.r.‘Corr.ectlons for these errors are performed by the CPU using the data connected by
analogue, digital, isolated serial board (ADIS) from an RS-232 or RS-422 interface.

Interface data

Compass interfacing with external peri its i . :
i peripheral units is done using NMEA 0183 f 1 RS-23
and RS-422 lines. Table 8.1 shows data protocols. s ormat 21088
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8.1 Sperry MK37 digital gyrocompass 1/O protocols. (Reproduced courtesy of Litton Marine Systems)

ufS' P lsed Automatic. 200 ppnm

N serial Automatic from digital sources. RS-232/422 in NMEA 0183 format $VBW, $VHW,
$VTG
Manual Manually via the control panel

b Automatic from the GPS via RS-232/422 in NMEA format $GLL, $GGA
l;li‘“ Automatic from digital sources via RS-232/422 in NMEA 0183 format $GLL
Manually via the control panel

0" Fym 50mV per deg/min (4.5 VDC full scale = + 90°/min) NMEA 0183 format $HEROT,
4 X.XXX, A*hh<CR><LF> 1 Hz, 4800 baud
Repeaters Eight 24 VDC step data outputs. (An additional 12-step data output at 35 VDC or 70
siep VDC from the optional transmission unit)
7 — switched, 1 — unswitched
. ata One RS-422, capable of driving up to 10 loads in NMEA 0183 format $HEHDT,
Ading D p
He XXX.XXX, T*hh<CR><LF>
Two RS-232, each capable of driving one load in NMEA 0183 format $SHEHDT,
XXX>XXX, T*hh<CR><LF> 10 Hz, 4800 baud
1 — 232 switched, 1 — 232 unswitched, 1 — 422 switched
AJarm Outputs A relay and a battery-powered circuit activates a fault indicator and audible alarm

during a power loss.
Compass alarm — NO/NC contacts. Power alarm — NO/NC contacts

Course Recorder (If fitted) RS—232 to dot matrix printer

(If fitted) 90 V line-to-line with a 115 VAC 400 Hz reference. Can be switch or

Synchro Output
unswitched

CPU assembly

The heart of the electronic control and processing system, the CPU, is a CMOS architectured
amangement communicating with the Display and Control Panel and producing the required outputs
for peripheral equipment. Two step driver boards allow for eight remote heading repeaters to be
tonnected. Output on each channel is a + 24 V d.c. line, a ground line and three data lines D1, D2 and
D3. Each three-step data line shows a change in heading, as shown in Table 8.2.

Scheduled maintenance and troubleshooting

The master compass is completely sealed and requires no internal maintenance. As with all computer-
based equipment the Sperry MK 37 VT gyrocompass system pOSSesses a built-in test system (BITE)
0 enable health checks and first line trouble shooting to be carried out. Figure 8.33 shows the trouble
inalysis chart for the Sperry MK 37 VT system. In addition to the health check automatically carried
Ot at start-up, various indicators on the control panel warn of a system error or malfunction. Referring
Othe extensive information contained in the service manual it is possible to locate and in some cases
®medy a fault.
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Table 8.2 Step data lines output

Step data Step Heading
fraction

D3 D2 DI

0 0 1 0/6 Decrease

1 0 1 1/6

1 0 0 2/6

1 1 0 3/6

0 1 0 4/6 d

0 1 1 5/6 Increase

The MK 37 VT gyrocompass
is malfunctioning

Are fault codes Check LED status . Check associ
present on B indicator on wiring. Socel
display unit? DC/DC converter = 2. Replace DC/DC
assembly in converter assy,
I, electronics unit. ]
i Yes s LED status hig Is problem solved?
1] indicator functioning
‘ ‘ properly?
See Table 5-4 .
for suggested
corrective ‘
action.
Yes Replace AC/DC
power supply assy.
3 Is problem solved?
ik
No
Is LED status
indicator on CPU No Replace CPU
assembly blinking? assembly.
Yes
Check
ship’s power
and associated wiring.

Figure 8.33 Sperry MK 37 VT digital gyrocompass trouble analysis chart. (Reproduced courtesy of

Litton Marine Systems.)

r
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je 83 Part of a fault location chart for the Sperry MK 37 VT Compass. (Reproduced courtesy of Litton

b’ ystems)

e >

Probable cause Remedy

5wﬂ[’mm

Place level in the middle position
for push-tractor installation

Printer paper-release lever not in

se recorder leaves a blank
the middle, push-tractor position

(0" every 8—10 inches or has
pa[g;r feed problems
i

Check repeater switch on step
driver assembly. Make sure
repeater is synchronized to the
MK 37 VT gyrocompass

Repeater channel may not be on
or not synchronized to the MK
37 VT heading

Verify that speed menu selection
is in Auto. Check for faults on
serial channel

Speed selection may not be in

4 value does not change
spee Auto

Verify that latitude menu
selection is in Auto. Check for
faults on serial channel

Latitude selection may not be in

Jitude value does not change
L Auto

Verify that other system is
powered, attached, and does not
have a critical fault

Other system may not be
powered, attached, or may have a
critical fault. Manual transfer
must be initiated from the
primary compass only

Vlanual transfer (dual system)
Joes not occur

Replace ac/dc power supply
assembly

If sound persists longer than
15 min, the ac/dc power supply
assembly relay is bad

Unit makes buzzing sound for at
east 15 min after being switched

on

As an example, Table 8.3 shows part of the MK 37 VT gyrocompasses extensive fault diagnosis
uble. Using this and the data displayed on the main display unit, it is possible to isolate the area of
a malfunction.

So far this description has only considered gyrocompass equipment using a top-heavy control
mechanism. Many manufacturers prefer to use a bottom-heavy control system. One of the traditional
manufacturers, S.G. Brown Ltd, provides some fine examples of bottom-heavy gyroscopic control.

8.10 A bottom-heavy control gyrocompass

Modern bottom-heavy controlled gyrocompasses tend to be sealed gyroscopic units with full computer
control and electronic interfacing. For the purpose of system description, this early gyrocompass isa
20od example of bottom-heavy control used to settle and stabilize a compass.

The gyroscopic element, called the sensitive element, is contained within a pair of thin walled
flluminium hemispheres joined as shown in Figure 8.34, to form the ‘gyroball’. At the heart of this ball
§a three-phase induction motor, the rotor of which protrudes through the central bobbin assembly but
E able to rotate because of the high quality support bearings. At each end of the rotor shaft, a heavy
fimmed gyro spinner is attached to provide the necessary angular momentum for gyroscopic action to
% established. Rotational speed of the induction motor is approximately 12000 rpm.
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and helixes torsion wires and helixes and helixes

Figure 8.34 Arrangement of the gyroball. (Reproduced courtesy of S.G. Brown Ltd.)

The gyroball is centred within the tank by means of two vertical and two horizontal torsion wir
forming virtually friction-free pivots. The torsion wires permit small controlling torques to be appii
in both the vertical and the horizontal axes to cause precessions of the axes in both tilt and azim
In addition, the torsion wires are used to route electrical supplies to the motor. The gyroball asse
is totally immersed in a viscous fluid called halocarbon wax, the specific gravity of which giVC'S ‘_
ball neutral buoyancy, at normal operating temperatures, so that no mass acts on the torsion viss

The tank containing the gyroball sensitive element is further suspended in a secondary SIS
system, as shown in Figure 8.35, to permit free movement of the spin axis. This axis is now teriis
the ‘free-swing axis” which under normal operating conditions is horizontal and in line with the 10 )
meridian. The secondary gimbal system also permits movement about the east—west axis. Each of 1€
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Compass card

Sensitive element

Azimuth gimbal

Tilt
servo motor

Viscous
damp

5 >’/1 .1 synchro drive

g
Synchro transmitter

36:1 synchr (coarse)

drive

Azimuth servo motor
Synchro transmitter.
(fine)
-~ Viscous damp

Figure 8.35 Schematics showing the arrangement of the secondary gimbals.

movable axes in the secondary gimbal system can be controlled by a servomotor, which in turn
provides both tilt and azimuth control of the gyroball, via a network of feedback amplifiers.

An electromagnetic pick-up system initiates the signal feedback system maintaining, via the
secondary gimbals and servomotors, the gyro free-swing (spin) axis in alignment with the north—south
axis of the tank. If there is no twist in the two pairs of torsion wires, and no spurious torques are present
about the spin axis, no precession of the gyroball occurs and there will be no movement of the control
servomotors. The gyro spin axis is in line with a magnet mounted in each hemisphere of the gyroball.

Pick-up coils are mounted on the north/south ends of the containment tank and are arranged so that
When the gyro-ball is in alignment with the tank, no output from the coils is produced. If any
misalignment occurs, output voltages are produced that are proportional to the displacement in both
liltand azimuth. These small e.m.f.s are amplified and fed back as control voltages to re-align the axis
by precession caused by moving the secondary gimbal system. The tiny voltages are used to drive the
XCondary gimbal servomotors in a direction to cancel the sensor pick-up voltages and so maintain the
‘orrect alignment of the gyroball within the tank.

With a means of tank/gyroball alignment thus established, controlled precessions are produced.
Refeﬂ‘ing to Figure 8.36, to precess the gyroball in azimuth only, an external signal is injected into the
lilt amplifier. The null signal condition of the pick-up coils is now unbalanced and an output is
Poduced and fed back to drive the tilt servomotor. This in turn drives the tilt secondary gimbal system
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osition in which the tilt pick-up coil misalignment voltage is equal and opposite to the external
¢ applied to the amplifier.

¢ tilt servo feedback loop is now nulled, but with the tank and gyroball out of alignment in a tilt
e, A twist is thus produced of the horizontal torsion wires, creating a torque about the horizontal
f‘",) of the gyroball and causing it to precess in azimuth. As azimuth precession occurs, azimuth
» [ignment of the tank/gyroball also occurs but this is detected by the azimuth pick-up coils. The
rﬂ“sa uth servomotor now drives the secondary gimbal to rotate the tank in azimuth to seek cancellation
J :ge error signal. Since the azimuth secondary gimbal maintains a fixed position relative to the gyro

# ; axis in azimuth, a direct heading indication is produced on the compass card mounted on this
sp! ‘
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g‘“clontrol of the sensitive element in tilt is done in a similar way. Therefore signals injected into the
. and azimuth servo loops, having a sign and amplitude that produce the required precessional
- ections and rates, will achieve total control of the gyrocompass.

dlflt is a relatively simple task to control the gyroball further by the introduction of additional signals
ause each of the feedback loops is essentially an electrical loop. One such signal is produced by
‘gravity sensor’ or ‘pendulum unit’. The pendulum unit replaces the liquid ballistic system,
d by some manufacturers, to produce gravity control of the gyro element to make the compass

il

{he
favoufe -
nOrm_seekmg. . ‘ ' .

To produce a north-seeking action, the gyroscopic unit must detect movement about the east.—west
hon'zontal) axis. The pendulum unit is therefore mounted to the west side of the t.ank, level with the
. centre line. It is an electrically-operated system consisting of an ‘E’-shaped laminated .transformer
core, fixed to the case, with a pendulum bob freely suspended by two flexible copper strips from the’:
op of the assembly. The transformer (Figure 8.37) has series opposing wound cc?lls on the outer :E,
sections and a single coil on the centre arm. The pendulum-bob centres on the middle arm of the ‘E
core and is just clear of it. The whole assembly is contained in a viscous silicon liquid to damp the

short-term horizontal oscillations caused by the vessel rolling.
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Initially the bob will centre in the middle of the ‘E’ core, but if the gyro tank tilts, the bob wil]
causing the normally equalized magnetic field to be unbalanced and produce a stronger fielq 00
outer arm towards which it is offset. The result is that a tilt signal, of correct sense and amplig.
produced. This signal is fed to the tilt and azimuth amplifiers as required. de,

The output signal of the pendulum unit is also used to enable the gyro to settle in the meridj,
become ‘north settling’. A small carefully calibrated portion of the output signal is applied ¢,
azimuth amplifier to cause azimuth misalignment of the gyro tank and hence a twist of the Vergi
torsion wires. The result is a tilt of the sensitive element, the direction of which depends op Whelc“
the gyro spin axis is north or south end up with respect to the horizontal. The amplitude of
pendulum signal fed to the azimuth amplifier will determine the settling period of the gyro, which
this compass is 40 min. or

Loop feedback versatility is again made use of by applying signals in order to achieve the Necegg
corrections for latitude and speed errors. The injected signals result in the required Precessiong]
in azimuth, for latitude correction and in tilt, for speed correction. teg

8.10.1 Speed correction

A signal that is proportional to the ship’s speed and the cosine of the ship’s course, is coupled pyg
to the azimuth amplifier to cause the gyroball to tilt in opposition to the apparent tilt caused by the
northerly or southerly component of the ship’s speed. The signal will therefore be maximym it

amplitude when the course is due north or south, but will be of opposite sense. If the course jg dug !

east or west no correction is necessary. The system uses a 1:1 ratio azimuth synchronous transmifyes
SG1, which is mechanically driven by the azimuth servomotor gearing, and a balanced star connecieg
resistor network as shown in Figure 8.38.

Alternatively an external signal derived from the ship’s speed log may be used. In Figure 838§ the
error for a ship sailing due north is maximum and therefore the feedback signal produced across RVM;
by the currents flowing through SG1, S1 and S2 coils, will be maximum. A portion of this signal,
dependent upon the speed setting of RV24, is fed to the azimuth amplifier to produce a tilt of the
gyroball. For a course due south, the signal is again maximum, but is of opposite phase to the northerly
signal. This will cause an opposite tilt of the gyroball to be produced. With the ship sailing due easg“
the synchronous transmitter SG1 is in a position which will produce a zero signal across RV24 and
no correction signal is applied to the azimuth amplifier irrespective of the speed setting of RV24. Any“
intermediate setting of SG1 will produce a corresponding correction signal to be developed across
RV24.

8.10.2 Latitude correction

The latitude correction circuit provides a signal, proportional to the sine of the vessel’s latitude,
cause the gyroball to precess in azimuth at a rate equal and opposite to the apparent drift caused b
the rotation of the earth. This signal will be zero at the equator and maximum at the poles. It must al
be of opposite phase for north or south latitudes. VR25 (see Figure 8.36), the latitude potentiomel
derives its signal from the 24V centre-tapped secondary winding of a transformer, and therefore I
signals of opposite phase at either end. This control sets the amplitude of the correction signal and 1 .
manually adjusted.

8.10.3 Temperature compensation

Both the vertical and horizontal torsion wires may twist with a change in ambient temperature. A
corrective signal is produced in each of the tilt and azimuth temperature compensation circuits
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tiQUre 8.38 Signal output of synchro SG1 for different headings. (Reproduced courtesy S.G. Brown
ld.)
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counteract any precession of the gyroball caused by a change in temperature. The Corregg;
are produced in the compensation circuits and connected to the tilt and azimuth amplifieyg e
way that both signal amplitude and sense will cause torques to be produced which are !
opposite to those produced by twisting of the torsion wires. The effect of ambient temperate
torsion wires is therefore cancelled. ure

8.10.4 Error decoupling circuit

The accuracy of a gyrocompass can be seriously affected by violent movement
particularly heavy rolling caused by severe storms and rapid manoeuvring. A careful]
signal is derived from the output of the azimuth amplifier (which will be present du

Of the ;
y Calibra 4_‘7'
Clg miSan

of the tank and gyro spin axis during such conditions) and applied to the tilt amplifier 10 Conges
LT(

tilt gimbals. The system will provide partial and adequate compensation for errors thy
violent rolling conditions. The correction system is more than adequate for fittings on
vessels that are rarely subjected to rapid manoeuvres.

8.10.5 Slew rate

The purpose of the slew rate control VR27 (see Figure 8.36) is to rapidly level and orient

during the start-up procedure. The potentiometer VR27 is connected across the 24 V centre.-

secondary winding of a transformer and is therefore able to produce an output of Opposite phags

varying amplitude. The signal voltage level set by VR27 may be applied to the input of ej

azimuth or tilt amplifiers separately by the use of push buttons. The buttons are interconnecteq "

a way that the signal cannot be applied to both amplifiers at the same time.
If the output of VR27 is firstly applied to the tilt servo amplifier (by pressing the azimuth
button) the gyro will precess towards the meridian. If the tilt slew button is now pressed, the 2yro

be levelled by applying the output of VR27 to the azimuth servomotor. The slew rate control V.
adjusts the rate at which the gyro precesses and not the extent of precession, which is a functig

time. It is essential that this control is centred before either slew button is pressed, otherwise a vi

kick of the gyro ball will occur in one direction making compass alignment more difficult to ac i

The selector switch S1 must be in the ‘free slew’ position during this operation.

8.11 Starting a gyrocompass

As has been previously stated, from start-up a gyrocompass needs time to settle on the meridian:

time taken depends upon the make, model and the geographic location of the compass, but in ge
it is between one and several hours. The duration also depends upon whether the gyro wheel is alf
rotating or not. If the compass has been switched off, it will take much longer to bring the com

into use. Inputting the ship’s heading to reduce the initial error factor can reduce the time peri.
an example, the following section considers the start-up procedure for the Sperry MK37 VT Dij

Gyrocompass.

At power-up and prior to entering the settle mode, the system performs the automatic
procedure to determine if the equipment is operating within specified parameters. The CPU
initializes the system hardware and communication channels. During this procedure the gyro whe
checked for movement. If it is stationary, the system ops for a cold start, if it is rotating a hot S

programmed. During a cold start, if no heading data is input to the system when requested
gyrocompass selects Automatic.

t al‘ise i‘f.—
Merchapg

ate the
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1 Gold starting the compass

; pitial period, during which the bite is active, the following sequence is initiated and the settle

e (or lamP will be lit.
i

pleeps prompt the operator for a heading input. If heading data is not entered within 5 min, the
g qwitches to an ‘auto level” process. . .
ing heading data has been input, the yoke will be offset based on this data. It will be slewed
. AssuThe meridian, either clockwise or anticlockwise.
: rowheel is brought up to speed within 14 min. _
ke is slewed back and forth to level the ballistic. This action takes about 4 min.
e ing heading data has been input, the gyrocompass will settle within 1h and the settle

i assuiml i .
délztor lamp goes out. If no heading data was entered, the compass will automatically settle
in i1C

within 5h.

oler inputs to the gyrocompass are as follows.
eading: in the range 0 to 359°. If the entered heading is in error by more than 20° from the true
1 Hading, the compass takes 5 h to settle.
he-tialize and Synchronize Step Repeaters. An operator selects a repeater and when rqugsted uses
o 0 keypad’s left or right arrow switches to scroll the display to the repeater’s current position. After
?:;s the system steps the repeater to the compass heading. IF is essential to repeat and double check
his procedure because there must be no alignment errors in a fepeater system..
4 Speed Input. Using the left or right arrow keys, an operator inputs a speed in the range 0-70

knots. . . .
» Latitude Input. Using the arrow keys, an operator inputs latitude in degrees north or south of the

equator.

812 Compass repeaters

Remote analogue compass repeaters are simply mechanized compass cards driven either by a stepper
molor or a synchro bearing transmission system. Digital heading displays can also be produced by
digitizing the stepper ‘grey code’ waveform before applying it to a suitable decoding system. This
seetion deals with the most popular bearing transmission systems.

812.1 Stepper systems

Hlgure 8.39 shows a mechanical switching stepper system which, because its robustness, is still found
Yl many merchant ships for bearing transmission to remote repeaters. The rotor of the transmitter is
$8red to the azimuth ring gearing of the master compass. The transmitter is a multi-contact rotary
Witch that completes the circuit for current to flow through the appropriate repeater motor coils. The
"“.“‘Smitter rotor has two rotating arms spaced at 165° to each other. Each rotor arm makes contact
With Copper segments arranged in four groups of three, with each segment being wired to its
“Sponding number in the other three groups.
v
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Transmitter

compass
Master

Repeater
compass

70V supply

Compass transmission circuit Note B:- In some cases a vernier repeater
motor may be used which dispenseg
with intermediate gearing

(a)

Step motor

26,

Switch /

(b)

Figure 8.39 Stepper repeating system. (a) Early mechanical switching system; (b) diagrammatic
representation of a simple step motor receiver. (Reproduced courtesy of Sperry Ltd.)

The gear ratio of transmitter rotor to azimuth gear is 180:1. Therefore:

180 rev = 360°
I rev = 2°
12 seg = 2°

1 seg = 2/12° or 10 min of arc

The rotating arms make 12 steps per revolution. Because of the 180:1 gear reduction, each §
therefore corresponds to 1/6th of a degree or 10 min of arc on the compass card.
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Simplified step by step receiver is shown in Figure 8.39(b). Three pairs of coils are wound, and

od at 60° intervals on the stator assembly of the receiver. The rotor is centrally located and
foc? le of rotating through 360°. With the switch in the position shown, current flows through the
caRab connected coils (1) and, under the influence of the magnetic field produced, the rotor takes up
-‘Cﬂeisitioﬂ shown. As the switch moves to position 3, its make-before-break action causes current to

through both coils 1 and 3 and the rotor moves to a position midway between the coils, due east—
E The next movement of the switch energizes coil 3 only causing the rotor to line up with this coil.
"’es;is way the rotor is caused to rotate one revolution in 12 steps. The construction details of a step
ottor are given in Figure 8.40.

figure 8.40 Construction details of a step motor.

A stepper system such as this may also be used as part of a ‘direct digital control’ (d.d.c.) system
in which signals are generated digitally to control movement of the repeater. Such a stepper system
uses a cyclic binary code or gray code for its operation. The gray code is easily produced using shaft
or disc encoders geared to the compass azimuth gearing.

8.12.2 Synchro systems

A synchro is a device that uses the basic principle of a single-phase transformer with magnetic
coupling between a rotating primary (rotor) and a number of secondaries (stators). For the purpose of
this description three secondaries are located at 120° intervals on the stator. The rotor may be rotated
through 360° within the laminated stator assembly holding the three secondary windings. The primary
coil is energized by a low frequency a.c. applied via slip rings located on the main shaft. The
magnitude and phase of the secondary induced e.m.f.s is dependent upon the relative position of the
fofor in relation to the stator windings.

Figure 8.41 shows a synchro repeater system using the basic ‘synchro error detecting’” method of
Operation common to many control applications. The rotor of the synchro transmitter is reduction
geared to the azimuth ring of the gyrocompass. A reference low frequency a.c. supply to the
lransmitter rotor coil couples with the three secondaries to produce e.m.f.s which cause current to flow
iound the three circuits. Each current flow produces a magnetic field around the corresponding
leceiver secondary and a resultant error signal is induced in the receiver rotor coil. No error signal is
Ploduced if the system is in the synchronous state with the transmitter and the receiver rotors at 90°
0 each other.

The error signal present, when the rotors are not synchronized, is directly proportional to the error
igle (1) existing between the horizontal and the plane of the rotor. This error signal is amplified to

€ leve] required to drive a servo to turn the compass card. Also mechanically coupled to the servo
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Figure 8.41 A synchro bearing transmission system . © © ® ® ® o o
& © Chom.
T Coil B
shaft is the receiver rotor that turns to cancel the error signal as part of a mechanical negative feg dh re 8.43 A cross-section of part of a flux gate. Current flowing in coil A is ‘into the diagram’ on
v arrangement. The receiver rotor will always therefore line up (at 90°) with the transmitter Totdd 1op half of the winding and ‘out’ on the bottom.
M produce the synchronous state. gior
6l
o O O
) 8.13 The magnetic repeating compass _-CoitA
i n® ® o & o o o .
e . . . ’ : . o Flux in
il Magnetic compasses are still popular with mariners and can easily be converted into a repe N - coil A
o compass with the addition of a flux gate assembly. A flux gate element is effectively a magnetom o 0 ® © e © 0]
that is used to detect both the magnitude and the direction of a magnetic field. Flux gate element
i common use are of the ‘second harmonic’ type, so called because if excited by a fundame ® © ® 0O @ @ 0] .
[rv . . oo . . > 4 Flux in
frequency, f, an output voltage will be generated which varies in both phase and amplitude, depen 5 coil C
upon its position within the magnetic field, at a frequency of 2f. e e @& & ® & 6\\
ScoilC
8.13.1 Construction © © o"‘cmna
The basic flux gate consists of two thin wires of mumetal or permalloy, each contained in a glass Figure 8.44 A cross-section of a completed flux gate.
around which is wound a coil. Two such assemblies are used. They are mounted side by side
parallel to each other. The two coils are connected in series so that their magnetic fields @ .
opposition when a low frequency a.c. (typically 2 Hz) is applied. Mumetal is used for the wire € ibsence of any externally produced magnetic field, the magnetic field produced by the .two primary
because of its property of magnetically saturating at very low levels of magnetic flux. (Mus Windings will cancel and consequently no output will be generated. If the current in coil A chaqges
magnetically saturates at a field strength of approximately 8 ampere turns per metre cOmpae I5ee Figure 8.43), the magnetic flux it causes will correspondingly change either in value or directlor.l.
250000 ampere turns per metre for steel wire.) Any change will produce a self-induced e.m.f. across coil A and a mutually-induced e.m.f. across coil
A secondary coil, wound around the whole assembly, provides a mutually induced e.m.f. & e Fi_gure 8.44 shows a cross-section of a complete flux gate with coils A and C forming the primary
output voltage. s Clion and coil B the secondary output coil. .
Figure 8.42 illustrates the basic construction of a simple flux gate. Note that the primary OIS [fthe magnetic fluxes produced by both coil A and C are of the same value but of opposite polarity,

connected in series. In a practical unit a balancing system would be included to ensure that i € will be no mutually induced e.m.f. in coil B. This is because the two magnetic fields linking with
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Figure 8.45 Currents and flux saturation levels.

the turns of coil B will be effectively zero. This state can only exist if the two coils A and C
connected in series causing the current flow through the two coils to be the same value at any instant
When this is the case the system is said to be balanced and the output voltage across coil B will i
ZETO.

Figure 8.45 shows the currents and flux saturation levels for both coil A and coil C when (i
assembly is balanced.

If a permanent magnet is placed in proximity of the flux gate as shown in Figure 8.46 its magnell
field will produce cancelling fields.

In the parts of the cores that carry flux in the same direction as the magnet, the core will satufd
with a lower value of coil current. In the other half of the same core the two fluxes will oppose 50 il
this part of the core does not saturate until a much larger current is flowing. These two effects
therefore not affect the balancing of the core fluxes so there will be no mutually induced e.m.f. acf®
the secondary coil B. If the permanent magnet is now placed parallel to the two cores of the flux gaie
as in Figure 8.47, an imbalance occurs. .

The flux due to the magnet will now be in the same direction as that due to the coil current i 0
core but in the opposite direction in the other. The magnet will cause one core to saturate with a lo
value of coil current and the other to require a larger value of coil current for saturation to occl
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Figure 8.47 Flux lines with the permanent magnet in line with the flux gate.

Figure 8.48 shows how the permanent magnet flux affects the flux produced in each core by the low
frequency a.c. primary current on each half cycle of input voltage.

Figure 8.49 shows that the value of the a.c. induced into coil B is twice the frequency of the
energizing supply, but depends upon the amplitude of the permanent magnet field. The output also
varies as the cosine of the angle between the line of the magnet and the flux gate. The a.c. output is
then amplified and used to drive a servomotor which rotates the gate until the output is zero. This
corresponds to the magnet being at an angle of 90° to the gate elements.

N s s S — N
i —r —r — e —r
Flux lines L / L
caused by Permanent
primary N - S| magnet flux N-- 8
current flow
 J—— ey s — — -
sT » N N P S

Figure 8.48 The intensity of the magnetic flux in each core is changed on each half cycle of primary
dliernating current.
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Figure 8.49 An illustration of the fluxes and output e.m.f. produced by an unbalanced flux gate
assembly.

8.13.2 Practical flux gate systems

There are currently two main systems of flux gates used in a repeating compass. The simplest of these
uses a flux gate in conjunction with an ordinary magnetic compass as shown in Figure 8.50.

The flux gate is mounted on a rotating platform below the compass card of a standard mariné
magnetic compass and uses the north-seeking property of a permanent magnet. The core elements 0
the flux gate will therefore come under the influence of the permanent magnetic field produced by the

The ship’s master compass 315

Compass card
i |{4 Magnet

~{ <« Fluxgate

+ 2
{> Frequency
divider

Mechanical
linkage

/
Synchro / /
transmitter ,
/ £

repeaters
b/srrsrririrs

Reference
signal

LIPS

R
®

Supply o—p——

Control
signal

P e
Figure 8.50 A flux gate system used in conjunction with a magnetic compass.

compass pointer. As previously shown, the magnetization will have maximum effect when the flux
gate and the compass magnet are parallel and zero effect when they are at 90° to each other. This point
is referred to as the NULL point. The resultant output voltage from the secondary winding of the flux
gate varies as the cosine of the angle between magnet and flux gate. Output from the flux gate
secondary winding is amplified and its frequency divided by two before being applied to the control
winding of a servomotor. This servo, which is mechanically coupled to the flux gate platform, drives
the whole assembly towards a null point.

Assuming the flux gate and magnet are not at 90° to each other, an output from the flux gate
secondary is produced which, after processing, is fed to the control winding of the servomotor. The
reference winding supply is taken directly from the low frequency oscillator. This ensures that correct
phasing of the servomotor is achieved and that the flux gate will always be driven towards the correct
null point. When the null point is reached, the servo amplifier input falls to zero causing the servo to
stop. The flux gate is therefore always kept in correct alignment with the compass magnet.

8.13.3 Dual axis magnetometer magnetic compass

As an alternative to using a flux gate in conjunction with a magnetic compass, it is possible to use a
dual axis magnetometer to sense the earth’s magnetic field to produce an indication of flux direction.
The earth’s magnetic lines of force are not horizontal to the earth’s surface, thus it is necessary that
lhe angle between the lines of force and the earth’s surface be resolved into both vertical and
horizontal components, as shown in Figure 8.51.

If we assume that a vessel is heading due north as shown in Figure 8.52, the two horizontally-
Orientated flux gates sense the magnitudes of the earth’s horizontal magnetic flux lines diminished by
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Figure 8.51 An illustration showing how the lines of force of the earth’s magnetic field may be
resolved into vertical and horizontal components.
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Figure 8.52 The vessel’s course shown as a cosine function of He — the direction of the earth’s
magnetic field.

sine and cosine functions of the heading. The resulting outputs produced, designated HL and HA, &

derived as shown in Figure 8.52.

In Figure 8.53, flux gate 1 is mounted along the fore and aft line of the vessel and flux gate 2
athwartships. The fore and aft line component of the earth’s magnetic field causes flux gate 1o
produce an output voltage proportional to the amplitude of this component. Similarly, gate 2 produces
an output proportional to the athwartships component. Both signals are coupled to the stator coils 0F
a synchro that produces two magnetic fields proportional to the amplitude of the original fields acting
upon the flux gates. The line of the resultant field within the synchro is the same as the direction 08
the earth’s magnetic field, He.

Output from the rotor of the synchro is connected, via a servo amplifier, to drive a servomof"f
which rotates the synchro rotor mechanically until it is at 90° to the resultant field, at which poinl
output from the rotor is zero and the servo stops. The synchro rotor is thus kept in alignment Wilh.the
resultant direction of the magnetic field within the synchro, which in turn depends upon the directiof
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Figure 8.53 A simplified diagram of a dual axis magnetometer type of magnetic compass.

relative to both flux gates, of the earth’s magnetic field. A compass card is directly driven by the rotor
of the synchro. Remote repeaters can be fitted, as illustrated in the previous case, by the use of a
synchro transmission system. A compass has thus been produced which eliminates the conventional

pivoted magnet arrangement to provide an electrical indication of magnetic north.

8.14 Glossary
Angular momentum

Ballistic pots
BITE

Compass repeaters
Controlled gyroscope
Drift

Dynamic errors

Flux gate
Tee gyroscope

In the case of a gyrowheel, this is the product of its linear momentum and
the radius of the rotor.

Containers of viscous liquid to add damping to a gyrocompass.

Built-in test equipment. Automatic or manually commanding equipment
test circuits.

Remote display of compass information.

One in which the movement caused by earth rotation is controlled.

The apparent movement in azimuth of a gyroscope due to earth rotation.
Errors caused by the angular motion of the vessel during heavy weather or
manoeuvring.

The electrical sensing unit of a magnetic compass.

A gyroscope with a spin axis fixed by inertia to some celestial reference
point and not to a terrestrial point. Not suitable as a gyrocompass.
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Follow-up
Gyroscope

Gyroscopic inertia

Latitude error
Linear momentum

Manoeuvring error
North-seeking gyro

North-settling gyro
Precession

Rolling error

Settling time
Slew rate control
Stepper systems
Synch. systems

Tilt

Transmission error

8.15 Summary

A system enabling control of the gyro when it is fitted on board a Moyj,
platform.

A perfectly balanced wheel that is able to spin at high speed symmety;
about an axis.

A gyroscope rotor maintains the direction of its plane of rotation Unlegg
external force of sufficient amplitude to overcome inertia is applied t,
that direction.

A constant value error the magnitude of which is directly proportioy
earth rotation at any given latitude.

The product of mass and velocity.

An error caused by a vessel’s rapid changes of speed and/or heading_
One which is partly controlled and as a consequence will seek tg locage
north.but will not settle. Further control is required to convert this type of
gyro 1nto a compass.

One which is fully controlled and will settle to point north.

Movement at 90° from the applied force. If a force is applied to a Spinniy

rotor by moving one end of its axle, the gyroscope is displaced at an angle
of 90° from the applied force.

As the name suggests, this error is caused by a vessel rolling. The error
cancels when the ship is steaming north or south and is maximum whep
following an east/west course.

The period taken for a gyrocompass to settle on the meridian from star.
up.

A control setting an electrical input to rapidly level and orientate the 2yro
during start-up.

A step motor compass repeater circuit.

A synchronous motor compass repeater circuit.

By virtual of precession, the earth’s rotation causes the spin axis to il
upwards to an angle dependent upon its position in latitude.

An error existing between the master compass and any repeaters.

céllly

alter

al g

® There are three axes in which a gyroscope is free to move: the spin axis, the horizontal axis and the

vertical axis.

@ In a free gyroscope none of the three axes is restricted.
@ A free gyroscope is subject to the laws of physics, the most important of which, when considering
gyrocompass technology, is inertia.

Precession is the term used to describe the movement of the axle of a gyroscope under the influencé

of an external force. Movement of the axle will be at 90° to the applied force.

Tilt is the amount by which the axle tilts because of the gyroscope’s position in latitude.
Azimuth drift is the amount by which the axle drifts due to the earth’s rotation.

A controlled gyroscope is one with its freedoms restricted.

A north-seeking gyroscope is a controlled gyro that never settles pointing north.

A north-settling gyroscope is a damped controlled gyro that does settle on the meridian.
Bottom- and top-heavy controls are methods used for settling a north-seeking gyroscope.
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A gyrocompass fitted on board a ship is affected by dynamic errors. They are rolling error,
manoeuvring error, speed and course error and latitude or damping error. All these errors are
redictable and controllable.

Wwhen starting from cold, gyrocompasses require time to settle on the meridian. A settling time
p‘3riod of 75 min is typical.
Stepper systems are transmission devices that relay the bearing on the master compass to remote
repeaters.

A Magnetic repeating compasses are based on flux gate technology.

0 A flux gate is an electrical device that interprets the compass bearing to produce control
functions.

.16 Revision questions

| Describe what you understand by the term gyroscopic inertia?

7 What do you understand by the term precession when applied to a gyrocompass?

3 Why is a free gyroscope of no use for navigation purposes?

4 How is earth’s gravity used to turn a controlled gyroscope into a north-seeking gyroscope?

5 How is a north-seeking gyroscope made to settle on the meridian and indicate north?

6 When first switched on a gyrocompass has a long settling period, in some cases approaching
75 min. Why is this?

7 Explain the terms gyro-tilt and gyro-drift.

§ How is a gyrocompass stabilized in azimuth?

9 What is rolling error and how may its effects be minimized?

10 Why do gyrocompass units incorporate some form of latitude correction adjustment?

|l What effect does an alteration of a ship’s course have on a gyrocompass?

|2 What are static errors in a gyrocompass system?

13 When would you use the slew rate control on a gyrocompass unit?

14 Why is temperature compensation critical in a gyrocompass?

|5 What is a compass follow-up system?

16 What is a compass repeater system?

17 A flux gate is the central element of magnetic repeating compasses. Explain its operation.

I8 Flux gate elements are known as ‘second harmonic’ units. Why is this?

19 What are the advantages of using a dual axis magnetometer in preference to a flux gate?

20 Why is a magnetic repeating compass not influenced by the vessel’s position in latitude or by
violent manoeuvring?




Chapter 9
Automatic steering

9.1 Introduction

It has already been implied that a modern merchant vessel must be cost-effective in order to SUrviye
the ever-increasing pressure of a financially orientated industry. A good automatic pilot, often calleg
an Autohelm, although a registered trade name, can improve the profit margin of a vessel in two ways,
First, it enables a reduction to be made in the number of ships’ personnel, and second, a considerabe
saving in fuel can be achieved if the vessel makes good its course with little deviation. This chapter,
dealing with the principles of automatic pilots, enables the reader to understand fully the electronj
systems and the entire operator control functions.

Early autopilots were installed in the wheelhouse from where they remotely operated the vessel'§
helm via a direct drive system as shown in Figure 9.1. This figure gives an excellent indication of
system first principles.

Although efficient, the main drawback with the system was the reliance upon a hydraulic telemotor
system, which required pressurized tubing between the transmitter, on the ship’s bridge, and fhe
receiver unit in the engine room. Any hydraulic system can develop leaks that at best will cause the
system to be sluggish, and at worst cause it to fail. To overcome inherent inefficiencies in hydrauli¢
transmission systems, they have been replaced with electrical transmitters, and mechanical course

translating systems have been replaced with computer technology.
o

9.2 Automatic steering principles

Whatever type of system is fitted to a ship, the basic principles of operation remain the same. Befi
considering the electronic aspects of an automatic steering system it is worthwhile considering S0
of the problems faced by an automatic steering device.

In its simplest form an autopilot compares the course-to-steer data, as set by the helmsman, with
vessel’s actual course data derived from a gyro or magnetic repeating compass, and applies rudd
correction to compensate for any error detected between the two input signals. Since the vessel
steering characteristics will vary under a variety of conditions, additional facilities must be provid :
to alter the action of the autopilot parameters in a similar way that a helmsman would alter his actio
under the same prevailing conditions.

For a vessel to hold a course as accurately as possible, the helm must be provided with datd
regarding the vessel’s movement relative to the course to steer line. ‘Feedback’ signals provide this
data consisting of three sets of parameters. .
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gigure 9.1 An early electro-mechanical autopilot system using telemotors. (Reproduced courtesy of
perry Ltd.)

® Position data: information providing positional error from the course line.
® Rate data: rate of change of course data.
$ Accumulative error data: data regarding the cumulative build-up of error.

:hfee main control functions acting under the influence of one or more of the data inputs listed above
'€ proportional control, derivative control and integral control.
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9.2.1 Proportional control

This electronic control signal causes the rudder to move by an amount proportional to the POsiti,
error deviated from the course line. The effect on steering, when only proportional control s ap Ppligg

is to cause the vessel to oscillate either side of the required course, as shown in Figure 9.2. The Ves
would eventually reach its destination although the erratic course steered would give rise ¢,
increase in fuel expended on the voyage. Efficiency would be downgraded and rudder COmPOn n
wear would be unacceptable.

Off course

/ error

Q < T ot
N

</

Rudder Rudder

amidships amidships
Figure 9.2 The effect of applying proportional control only. The vessel oscillates about the coursg g
steer.

At the instant an error is detected, full rudder is applied, bringing the vessel to starboard and back
towards its course (Figure 9.2). As the vessel returns, the error is reduced and autopilot contro] i
gradually removed. Unfortunately the rudder will be amidships as the vessel approaches its course
causing an overshoot resulting in a southerly error. Corrective data is now applied causing a port tum
to bring the vessel back onto course. This action again causes an overshoot, producing corrective data
to initiate a starboard turn in an attempt to bring the vessel back to its original course. It is not practical
to calculate the actual distance of the vessel from the course line at any instant. Therefore, the method
of achieving proportional control is by using a signal proportional to the rudder angle as a feedback
signal.

9.2.2 Derivative control

With this form of control, the rudder is shifted by an amount proportional to the ‘rate-of-change’ of
the vessel’s deviation from its course. Derivative control is achieved by electronically differentiating
the actual error signal. Its effect on the vessel’s course is shown in Figure 9.3.

Original
off course Offset signal

error D D Parallel Ievel
cour
“ ; ourse Off set

error

Course to steer

—

Figure 9.3 The effect of applying derivative control only.
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Any initial change of course error is sensed causing a corrective starboard rudder command to be
plled The rate-of-change decreases with the result that automatic rudder control decreases and, at

P oint X the rudder returns to the midships position. The vessel is now making good a course parallel
the required heading and will continue to do so until the autopilot is again caused to operate by

xtefﬂal forces acting on the vessel.

: An ideal combination of both proportional and derivative control produces a more satisfactory

purn 1O COUTSE, as shown in Figure 9.4.
i

Original
off course

error

A S g R .
A \QDDQ %urse

to steer

Port Starboard
rudder rudder

Figure 9.4 Applying a combination of proportional and derivative control brings the vessel back on \
track.

The initial change of course causes the rudder to be controlled by a combined signal from both
roportional and derivative signals. As the vessel undergoes a starboard turn (caused by proportional
control only) there is a change of sign of the rate of change data causing some counter rudder to be
applied. When the vessel crosses its original course, the rudder is to port, at some angle, bringing the
vessel back to port. The course followed by the vessel is therefore a damped oscillation. The extent
of counter rudder control applied is made variable to allow for different vessel characteristics. Correct
setting of the counter rudder control should cause the vessel to make good its original course. Counter
rudder data must always be applied in conjunction with the output of the manual ‘rudder’
potentiometer, which varies the amount of rudder control applied per degree of heading error.

QD—Q P
&\QD—D—O = — Q-

{a)

DDD‘D

(b}

Figure 9.5 (a) If ‘counter rudder’ and ‘rudder’ controls are set too high, severe oscillations are
Produced before the equipment settles.(b) If ‘counter rudder’ and ‘rudder’ controls are set too low,
there will be little overshoot and a sluggish return to the course.
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Figures 9.5(a) and (b) show the effect on vessel steering when the counter rudder ang rug
controls are set too high and too low, respectively.

9.2.3 Integral control

Data for integral control is derived by electronically integrating the heading error. The action op .
data offsets the effect of a vessel being moved continuously off course. Data signals are Produceg IS
continuously sensing the heading error over a period of time and applying an appropriate degreq )
permanent helm. of

In addition to proportional control, derivative control and integral control, autopilots normally p,
the yaw, trim, draft, rudder limit, and weather controls, which will be dealt with in more dety ¢

il Iy
in this chapter. ler

9.3 A basic autopilot system

The simplest form of autopilot is that shown in Figure 9.6. An output from a gyro or Magnegjy
repeating compass is coupled to a differential amplifier along with a signal derived from a map, d
course-setting control. If no difference exists between the two signals, no output will be produced
the amplifier and no movement of the rudder occurs. When a difference is detected between the two
sources of data, an output error signal, proportional in magnitude to the size of the difference, is
applied to the heading error amplifier. Output of this amplifier is coupled to the rudder actuator cireujy,
which causes the rudder to move in the direction determined by the sign of the output voltage. The
error signal between compass and selected course inputs produces an output voltage from the.
differential amplifier that is proportional to the off-course error. This type of control, therefore, is
termed ‘proportional’ control. As has previously been shown, the use of proportional control only,
causes the vessel to oscillate either side of its intended course due to inertia producing,
overshooting.
With a Proportional, Integral and Derivative steering control system, the oscillation is minimized by
modifying the error signal (1) produced as the difference between the selected heading and th‘
|

Lubber
line
|
|
|
'
|
|
Compass Differential Dynamics Error |
amplifier amplifier amplifier |
|
[\ [ Rudder
I actuator
+ve
Mechanical
Feedback link
-V +ve
g&urse Rudder
control translator

—ve

Figure 9.6 A simple autopilot system.
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Figure 9.7 Error signal summing circuit.

(omPass heading. Figure 9.7 shows that a three-input summing-amplifier is used, called a dynamics
qmplifier, to produce a resultant output signal equal to the sum of one or more of the input
signals- :

The demanded rudder error signal () is inspected by both the differentiator and the integrator. The
differentiator determines the rate of change of heading as the vessel returns to the selected course. This
«ensed rate of change, as a voltage, is compared with a fixed electrical time constant and, if necessary,
a counter rudder signal is produced. The magnitude of this signal slows the rate of change of course
und thus damps the off-course oscillation. Obviously the time constant of the differentiation circuit is
gitical if oscillations are to be fully damped. Time constant parameters depend upon the design
characteristics of the vessel and are normally calculated and set when the vessel undergoes initial
wials. In addition, a ‘counter rudder’ control is fitted in order that the magnitude of the counter rudder
signal may be varied to suit prevailing conditions.

Permanent disturbances of the course due to design parameters of the vessel must also be corrected.
These long-term errors, typically the shape of the hull or the effect of the screw action of a single
propeller driving the ship to starboard, may be compensated for by the use of an integrator. The
integral term thus produced is inserted into the control loop offsetting the rudder. This permits
proportional corrections to be applied about the mean offset course (the parallel course shown in
Figure 9.3). The offset signal amplitude causes a permanent offset-error angle of the rudder. The
output of the dynamics amplifier is now the total modified error signal (1) which is regulated by the
‘rudder’ control to determine the amount of rudder correction per degree of heading error to be
applied.

An overall simplified diagram of an autopilot is shown in Figure 9.8.

The rudder error amplifier is provided with variable sensitivity from the ‘weather’ control, which
in effect varies the gain of the amplifier by varying the feedback portion of the gain-determining
tomponents. In this way the magnitude of the heading error signal required, before the output from
this amplifier causes the rudder to operate, may be varied. Using this control a delay in rudder
9peration may be imposed if weather conditions cause the vessel to yaw due to a heavy swell aft of
the beam,

Under certain conditions, mainly draft and trim of the vessel, a degree of permanent rudder may be
’eCllllired. The ‘permanent helm’ control provides an input to the rudder error amplifier that may be
POSitive or negative depending on whether the rudder needs to be to starboard or to port. Since the
ffect of rudder movement does not influence the setting of this control, the rudder will remain
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Figure 9.8 A simplified diagram of an autopilot system.

permanently in the position set by the control (assuming no other control signals are produced),
Permanent helm will also be applied automatically by sensing the build-up of heading error in the
integrator circuit.

In the system described control relays RLA and RLB are used to switch power to the steering gear
contactors, which in turn supply power of the correct amplitude and polarity to the prime ruddey
mover. As the rudder moves, a mechanical linkage drives the slider of a potentiometer to produce the
rudder feedback signal. Output from this ‘rudder translator’ potentiometer is normally used to indicate
the instantaneous rudder angle. Excursions of the rudder may be limited by the manually operated
‘rudder limit” control which fixes the maximum amount by which the rudder may move from the
midships position. ‘

An off-course alarm circuit senses the error signal at the output of the heading error amplifier an
causes an audible alarm to be sounded when a signal amplitude outside pre-determined limits i
detected. A manual off-course limit control (not shown) is provided to enable an operator to select
point at which the alarm will sound.

9.4 Manual operator controls
9.4.1 Permanent helm

This control is intended for use when the vessel is being driven unilaterally off-course by a crosswind:
Its function is to apply sufficient permanent rudder angle to offset the drift caused by the wind, thus

holding the vessel on the required heading. Permanent helm is also applied automatically when €S
steering system is in the automatic mode of operation.

Automatic application of permanent helm makes no use of the permanent helm control. The degree
of rudder offset required for course holding is now electronically computed and applied automatically
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nce the computing process involves the charging of a capacitor, the required degree of permanent
om i built-up gradually over a period of minutes. This period may be changed by altering the
hargi“g time of the capacitor.
¢

9 4.2 Rudder

ydder limit control sets a finite limit on the rudder angle obtained irrespective of the angle
Ommanded by the automatic control circuitry. Obviously if the rudder was permitted to exceed design

grameters severe damage may be caused.

The rudder potentiometer enables the ship’s steering characteristics to be modified in accordance
with the changing requirements caused by loading and speed factors. This control determines the
Jbsolute degree of rudder command obtained for every degree of steady-rate heading error. For
L cample, if this control is set to ‘2°, the rudder will move through 2° for every degree of heading
error.

The counter rudder control determines the degree of opposite helm to be applied if it is demanded
py the control circuit. The control permits daily adjustments to be made as dictated by loading
conditions.

9.4.3 Weather

The effect of weather and sea conditions can be effectively counteracted by the use of this control. The
circuits controlled by this switch progressively desensitize the control amplifier, which in turn causes
an increase in the deadband width. The control also imposes an increasing time delay on the rudder
command signal in order that the ship will recover naturally when under the influence of repetitive
yaw. This means that the steering gear is not subjected to continual port/starboard commands. Thus
ihe higher the setting of the weather control, the wider will be the deadband. This increases the
amplitude of yaw that can be tolerated before the steering gear is enabled.

9.4.4 Non-follow-up mode (NFU)

The rudder is manually controlled by means of two position port/starboard lever switches. These
switches energize the directional valves on the hydraulic power unit directly, thus removing the rudder
feedback control. In this mode the normal autopilot control with repeat back is by-passed and the
rudder is said to be under ‘open loop’ control. There is no feedback from the rudder to close the loop.
The helmsman closes the loop by observing the rudder angle indicator and operating the NFU control
as appropriate.

9.4.5 Follow-up mode (FU)

In this mode the FU tiller control voltage is applied to the error amplifier (Figure 9.9) along with the
ludder feedback voltage. Rudder action is now under the influence of a single closed loop control.

9.5 Deadband

Deadband is the manually set bandwidth in which the rudder prime movers do not operate. If the
Ueadband is set too wide, the vessel’s course is hardly affected by rudder commands. With the control
%l narrow, the vessel is subjected to almost continuous rudder action causing excessive drag.
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Figure 9.9 FU and NFU control of tiller operation. (Reproduced courtesy of Racal Marine Controls.)

9.5.1 Overshoot

For optimum course-keeping performance it is imperative that an autopilot operates with as narrow g
deadband as possible. All steering systems suffer a degree of inherent overshoot. The effect of this
overshoot on the stability of the rudder positioning system can be graphically represented as shown
in Figure 9.10.

Two scales are plotted on the vertical axis, the first shows the rudder angle in degrees with respect
to the midships position and the second, the voltage corresponding to that angle produced by the
rudder translator.

It is assumed that a starboard rudder command is applied to the autopilot at time ¢ = Os, and asa
result the starboard rudder controller pulls in to cause the rudder to move to starboard. Since the
mechanical linkage of most autopilot systems take a finite time to develop full stroke, the rudder does
not reach its terminal velocity until # = 2s. At time 7 = 9 s, the position feedback signal (Vp) crosses
the release threshold of the starboard relay. Prime power is now removed from the steering gear pump:
Because of inherent overshoot, caused by inertia, the rudder will continue to move to starboard a8
shown by the solid line. If the overshoot is of sufficient magnitude, it will cause the position feedback
signal to cross the operating threshold of the port relay (r = 12.5s), and thus set the rudder moving
towards the midships position. When, at ¢ = 15.25s, Vp crosses the release threshold of the port relay,
power is again removed from the steering gear. Overshoot now carries the Vp signal back through theé
operating threshold of the starboard relay and the rudder once again moves to starboard. The control
system is now described as unstable and the rudder is caused to oscillate or hunt.

The dotted curve in Figure 9.10 illustrates the operational characteristics of a stable system. Here,
overshoot does not cause the port relay to be activated and thus the rudder arrives at the commandk
position in one continuous movement.
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figure 9.10 Effect of overshoot on control system stability. (Reproduced courtesy of Racal Marine
controls.)

One method of stabilizing an unstable system is to decrease the sensitivity of the rudder amplifier.
This solution is not satisfactory because it has the effect of increasing the distances between the
‘operate and release’ thresholds of the steering relays thus producing a wider deadband and a
degradation of the steering performance and efficiency.

A better solution is to remove power from the steering gear at some determinate time before Vp
crosses the release threshold of the starboard relay. The extent of this pre-determined release time must
be dependent upon individual steering gear overshoot characteristics. In Figure 9.10, if power was
removed from the steering gear at r = 6.5 s (a time advance of 2.5 s), the inherent overshoot would not
carry Vp through the operating threshold of the port relay and rudder movement will follow the dotted
line illustrating a stable system. This principle is an outline of a system known as phantom rudder.

9.6 Phantom rudder

Dependent upon the setting of the ‘phantom rudder speed’ control, a determinate d.c. voltage is
applied to an integrator input resistance with the result that the circuit starts to generate the positive
going ramp voltage Vp defined by the solid line in Figure 9.11.

It should be noted that the polarity of the integrator output is the reverse of that of the translator
Output V#, hence the provision of separate voltage scales on the y-axis of the graph. It is arranged so
that the slope of Vp and Vr are equal. On the assumption that the steering gear takes 1s to run up to
Speed, the phantom output establishes a lead of approximately 0.75 V (1.5°) during this period. At time
[=2.45, the phantom output, functioning as a position feedback signal, arrives at the release threshold
Of the starboard relay, one contact of which removes the input from the integrator causing the output
Ohalt at +3 V. It is arranged that at this time a second input is applied to the phantom rudder circuit
ftegrator, which now produces a negative going ramp. The slope of this ramp is made to be gradual
by limiting the amplitude of the signal applied to the integrator.
cafF time ¢ = 35, the phantqm (Vp) and translator (Vr) outputs will be equal and of opposite polarity

Sing the output from the integrator (Vp) to stop increasing. This condition is not stable because as
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Figure 9.11 Operational principle of a phantom rudder. (Reproduced courtesy of Racal Marine
Controls.)

Vt is carried progressively more negative by rudder overshoot, the integrator generates a positive
going ramp with a low incline. Output from the integrator will now continue to rise, and the slope will
gradually decrease as the positive potential of Vp approaches parity with the negative potential of V4,
Ultimately at t = 7's, Vp will be equal to V2. Since no input is now applied to the integrator, its output
Vp will be held at the attained level, and the hypothetical position of the phantom rudder will be the
same as that of the true rudder.

In the foregoing example, the lead of the phantom rudder on the true rudder was obtained
purely as a result of the slow take-off of the steering gear. In practice, it is desirable that the
phantom rudder speed output be set 20% higher than that of the true rudder. Since, with this
arrangement, the phantom rudder output will continue to increase its lead on the translator output
so long as the steering gear is energized, some means has to be provided to limit the lead that the
phantom output is permitted to build up. This function is performed by the ‘steering gear
overshoot’, effectively limiting the rise time of the integrator causing Vp to level off in stages as
illustrated in Figure 9.12.

9.7 The adaptive autopilot

Autopilot systems so far described have operated under various command functions, the origins of
which have been small signals produced by feedback loops. The rudder command-loop signals
have been further modified by the proportional, integral and derivative terms to form the nuclets
of the PID autopilot systems. The adjustment of operator controls on the PID autopilot requires
considerable expertise if the system is to operate efficiently. It is not feasible to continually resel
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Figure 9.12 Characteristics of a practical application of phantom rudder. (Reproduced courtesy of
Racal Marine Controls.)

the potentiometers during constantly varying weather conditions; thus the system cannot be
absolutely efficient.

The PID autopilot was developed in an effort to enable a vessel to follow a course as accurately
as possible by reducing drag caused by excessive rudder angles whilst limiting rudder excursions
o a low level in order to minimize wear on the steering gear. Considerable research has been
undertaken into the effects of the ship’s natural yaw action in relation to the course to be steered,
and it has been found that a straight course is not necessarily the most economical and that the
ship’s natural yaw action should not be smoothed out.

Operating parameters for modern adaptive autopilots (AAPs) have been developed by a number
of notable design engineers over the past three decades. Probably the most influential of these is
N. H. Norrbin who, in the early 1970s, derived a performance index relating to added resistance
due to imperfect steering control. This he produced in the measurable term of ‘the square of the
average heading error’. Most modern AAP controllers use this index as the fundamental control
lerm. In addition to the fact that a straight course is not the most economical course it was decided
that steering control should always be optimized with respect to the prevailing environmental
Conditions and a low bandwidth should be used to minimize losses. There are, therefore, two main
factors that affect the steering control.

® The complex characteristics of the vessel. Handling parameters will be different for each vessel,
even of the same type, and will change with the loading factor.
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@ Environmental influences, namely wind and tide which will be constantly shifting an
introducing instantaneous variable course errors.

As has been standard practice for many years, ship handing characteristics can be program
into a standard autopilot system and their effects counteracted. However, environmental effectg

a different matter. They can, to some extent, be counteracted by the helmsman. But to nullify the-e
effects totally would require the skills of an extraordinary person, one with the abj|; ty tr
instantaneously predict all ship and environmental effects before applying corrective rudder, Such
helmsman would be a treasure indeed. It is more logical to replace the helmsman with a Compygey
that is able to react more quickly to the constantly changing parameters that are input from Varigy
Sensors.

The AAP is, in its simplest form, a good quality autopilot system with the addition of 3 digigyy
control system (microcomputer) producing the final rudder command signal. Contained iy the
microcomputer are data relating to the dynamics of a ‘virtual ship’ which may be analyseq it
order that rudder commands for the actual ship can be predicted. Obviously the dynamics of this
‘virtual ship” are critical to the AAP operation and in practice will be accurately set for the Vesse|
on which the AAP is fitted.

9.7.1 The ‘virtual ship’ principle

Most adaptive autopilot equipment is designed around the ‘virtual ship’ principle, a compufep
generated model vessel, and the following criteria.

@ The ship’s operating envelope, including the vessel’s speed, load factor and external envirgp.
mental conditions.

@ Precise dynamics of the vessel that relate directly to its steering control.

@ The dynamics of the ship’s steering system.

@ The dynamics of the gyrocompass.

@ The dynamics of the seaway.

It is then necessary to define the principal modes of operation that require specific performance
criteria. The most used of these modes is open sea course keeping where optimized steering can
lead to potentially large savings in fuel oil.

9.7.2 Open sea course keeping

Fuel consumption, which is of major importance for the economic operation of a vessel, lﬁ
affected by a number of factors, such as engine performance, trim, and the condition of the hulk
below the waterline. These factors are, however, predictable and counteractive data is easily
obtained and input to the AAP. It is essential that the central processor is able to distinguish
between ship/engine loss parameters and rudder movements, and apply corrective rudder only
when course keeping is affected by environmental conditions and not by the natural yaw of the
vessel. Various mathematical formulae have been developed to analyse the AAP integral term i@
optimize rudder performance. Thus the AAP system automatically minimizes propulsion losses df

is termed an adaptive control system. The term adaptive is used because the mathematié

parameters of the model ship have been ‘adapted’ to match those of the actual vessel.
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The performance criterion, when reduced to a form suitable for online evaluation on

board ship,
nay be represented as

J = \? + 8%)dr
where {y = ship’s heading error,

rudder angle, and
weighting factor derived from analytical expressions of drag forces due to steering.

Il

A

Obvjously the adaptive autopilot must be able to detect that a course change has been commanded.
This is the function of the course changing control circuitry.

9.7.3 The course changing controller

hen changing course it is standard practice to consider three phases of the manoeuvre:

o the start of the turn ’\w
o the period of steady turn
o the end of the turn.

The measure of rudder applied determines the rate-of-turn and also the peak roll-angle. In practice
therefore the maximum roll-angle is determined by the maximum permissible rudder limit.
proportional and rate gains can be obtained for each vessel and its loaded condition as a function of
speed. In an AAP, gains are chosen based on the optimized results of the virtual ship during a
controlled turn. The primary concern of the AAP whilst manoeuvring in confined waters must be
safety.

9.7.4 Confined waters mode

When manoeuvring in confined waters, it is essential that cross-track error be minimized. Since the
central processor cannot determine cross-track data, an alternative mathematical concept is used.
Balancing the heading error against the rudder rate derives cross-track data.

J = O\, + 82)dr

The main difference between the open sea course keepin g controller and the confined waters controller
is that the gain of the latter is varied only as a function of the ship’s speed.

9.8 An adaptive digital steering control system

Sperry Marine Inc., now part of the Litton Marine Systems group, is a traditional manufacturer of
‘ompass and control equipment, and their ADG 3000VT Adaptive Digital Gyropilot® Steering
COntrol system is a good example of an up-to-date autopilot using many of the principles described
I this chapter (see Figures 9.13 and 9.14).

At the heart of the autopilot is a sophisticated microcomputer and electronic circuitry providing
‘Ontrol signal outputs to the steering gear pump controllers. The microelectronic circuitry is
Programmed (calibration/configuration CALCON) at installation to set controller gains and time
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Figure 9.13 The Sperry Adaptive Digital Gyropilot“ Steering Control Console. (Reproduced courtesy
Litton Marine Systems.)

constants specific to the ship’s design affecting heading keeping and manoeuvring. Inputs of sp
and heading data are provided from a speed log and a gyrocompass for automatic operation,
manual control is from the primary helm unit, primary NFU controller or remote FFU controll
Rudder angle information feedback data is interfaced with the main electronics unit. System con
is from the main control panel, although a serial I/O data line enables automatic course order enl
from an integrated bridge unit, such as the Sperry Marine Inc’s Voyage Management Syst
VMS.

Manual steering and input commands are under the control of the helmsman whereas auton
steering can be performed from three different automatic steering modes.

ol o —
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Figure 9.14 Sperry ADG 3000VT autopilot bridge configuration. (Reproduced courtesy of Litton
Marine Systems).

® AUTO mode. The primary mode, used for automatic heading keeping with data input from a
gyrocompass and the helmsman’s Order setting.

% NAV mode. An optional steering mode performing automatic heading keeping using inputs from an
€xternal management system to steer the vessel to pre-determined waypoints. Only available if
installed by Calcon during installation.

® TRACK mode. An optional steering mode using inputs from an external navigator, which is

Corrected for cross-track error by the autopilot to steer the ship to a waypoint over a designated
ground track.
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9.8.1 Operation & Q 8 & N G
As previously stated, the autopilot can be operated in one of three modes; Auto, Nav and Track mo, . \\ \\ \\ /
This section considers the autopilot when using the Auto mode with interfaced data from e, N \ = p

a

gyrocompass and a helmsman inputting data via the keypad.

Referring to Figure 9.15, the number 1 is the Status selector switch and numbers 2—6 gpe i
indicators. In this case Auto will be selected. Number 7 is the Adap/Man display and number 20 jg the
control. An ‘A’ is displayed indicating that adaptive (automatic) gain selection has been chosen by the
helmsman to compensate for sea conditions. If a fixed gain setting is selected, the display showg
number 1-7, with the highest number indicating the lowest gain and therefore the lowest NUMbe,
providing tighter heading keeping. This choice will depend upon sea conditions. In this case Adaptive
has been selected permitting the autopilot to determine automatically the gain, based upon heading
error and rudder activity.

COMPASS
MUTE
PRESET__|

\ |
) \orr\
COURSE
TES
V
- 4
CCEPT
5.0 /()/
35

ADG 30000V
DIGTAL GTROPRLOT

#

e
ALAI
SYSTEM

g

26

The number 8 (displaying 15 in the diagram) is the rudder set-limit display, set by the helmsman G < A
with switch 17. This may be set to any value between 1° and the ship’s maximum permitted ruddey gi o ol T | o =
angle. It is the ‘effective’ rudder limit based on ‘weather helm’ and may differ from the true ruge, g g o é oy % s -
angle. The indicator 18 lights to show that the rudder order output is equal to the selected rug i ﬁ @ /z: P> — / — ™
limit. &

Display number 9 (showing 014) is the rate order display. This is set by control 15, which selegyg - \ J
the turn rate to be followed during turn manoeuvres. ’ N

Display number 10 is the status and control display showing autopilot information. Menu scro] K o o 8
buttons, 11 and 12, and switch 13 select different display data. As an example, the display is currently ¢ ~ = @ <
showing Turn Radius Order data but it may be switched to one of many other functions affecting the 5
operation of the autopilot and not immediately obvious on the control panel display. These include ‘ !

deadband, turn radius, speed selection, load selection, and rudder order bias amongst other
functions. §
Number 22 indicates the vessel’s heading display derived from the master compass input data. The 0 lD
display numbered 40 shows the current heading order (in 1/10th of a degree) and display number 3§ -
displays the heading order entered via the control knob 37 or from the pre-set values, controls 34 and
35.
Indicator number 24 warns of an off-course situation, indicator 27 warns of a malfunction in the
; system, and indicator number 28 warns of errors or failure of the compass input data.
After a successful power-up, during which the autpilot performs a self-diagnostic function, the RS
following sequence enables automatic operation. @ \ ‘é’

@ Adjust the autopilot controls to the desired settings.
@ Verify that the steering control system is selecting the autopilot.
@ Press the Status switch to select Auto.

NAV
RANGE (.75 — 10NM)

TRACK
CONTROLS sy
(A

15

(014
]
D J

TURN RADIUS ORDER 1.25NM

=z
@ Rotate the Order knob until the required heading-to-steer appears in the Order display. //% E e
o~ / g 9% = §

9.8.2 System description

| _CONTROLS
<

N

The heart of the autopilot is the central processing unit holding a processor, various I/O ports and

™~

buffers, and ROM/RAM memory. A block diagram of the overall system is given in Figure 9.16. .

Rudder commands are output to U6, a dual channel 12-bit digital-to-analogue converter (DAC) Of
the Analogue Digital Serial board (ADS), giving an analogue output in the range 5V to the rudder
servo-amplifier. Ultimately this circuitry provides a dual proportional rudder order (RO) analogu®

\\

Figure 9.15 Display unit. (Reproduced courtesy Litton Marine Systems.)
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goltage capable of driving rudder servo-amplifiers. The output voltage is in the range —11.25 to
B11.25 V, corresponding to 45° left and right rudder orders, or 0.25 V/°. The output of DAC-A is
f()uted through an analogue switch that prevents any output at power-up and thus produces 0V to the
qudder servo-amplifier. This ensures there are no rudder commands until the central processor is ready.
the output of DAC-B is gated to provide rate-of-turn signals.

0
5 g The ADS circuitry also communicates with the display unit via an 8-bit bi-directional parallel data
g 8 pus interface (flex bus). This is the main command path between the CPU and the display unit. The
z = 5 % Qes ADS board also has two serial I/O channels to communicate with an electronic navigator compass or
c > Qo =90 . . - 2
E5ef @ 0 2=2 ed log equipment: channel A is configured to be an RS-232 interface and channel B an RS- i
8028 TEE 58 2 spe g p g S-422 line.
©838 £ :zjc_s *= Speed information may be input on the RS-422 interface line in the NMEA 0183 format or via the
=5 e e i i P . .
£32 § 2E 8 8 power board optocoupler in 200 pulses per nautical mile (200 PPNMI). See Table 9.1.
0w 175} 2]
" o o
A
t T T T f T §9 A Table 9.1 Interface signals. (Reproduced courtesy of Litton Marine Systems)
5§ o
€8 8 15
SO0 8 [np¥ .
o é A _ ?‘g‘é 2 | gpeed log input
g g g gz @ Pulsed 200 pulse/nautical mile (PPNMI) format (contact closure)
%3 ‘;3; ! §E ,‘é’ ‘ Serial RS-232 (channel A or C) or RS-422 (channel B) communications in
L5 £ 52 § NMEA 0183 format, $VBW, $VHW :
i @ - > on ’ ’
3 5> S
ko] 5 8’@ ” a vigator (vessel management Serial data for heading order, rate order, and cross track error information
3 M 52 <) Navig £ ; & . ;
58 — £8 g o o = system) input in RS-232 or RS-422 communication on channel A, B or C. in NMEA
a -c‘” 'g __} Q 9‘ g 3 format $APB, $HSC, $HTR, $HTC or $XTE.
g oA oA o
< ++ +] 1 + 5 (Compass
4 Step data Positive or negative step data (24 or 70 V)
< P
. Synchro 1X, 90X or 360X
> - _2 - 3 L ®© o Data $HDT (on channels A, B or C)
c >
e 2. 25 e g g | Serial data
2= cocS —p 2|0 = > =
o 237 @lg 8 g 3 8 Mode switch sense contacts External switched opened or closed to inform autopilot to change from
a ~= o S g_ Standby mode to an automatic mode
- 0
c NFU sense contacts External contacts to indicate when the NFU controller is active
\ [ | ol g: Power failure circuits Closed contacts on external power switch to activate power failure alarm
r [a] =
> o
) s % Qutputs
A2 Interface to external rudder Bipolar analogue voltage proportional to the rudder order. + 11.25V
A p g prop
3 servo control amplifiers (maximum limit) equal to + 45° or rudder
2823 °_83% g o8 5
§g ES s 25 s g a § € Rate of turn interface Bipolar analogue voltage proportional to a turn rate indicator.
%% 28 #°g48 = g 3 % + 4.5V (max) equal to £90° turn/min. Resolution equal to 0.5%/min.
= 7
g
0
> > — >
Ra Se 0 o= o] . . i 8 . .
23 2% ¢ 8% o @ Gyrocompass input data is coupled via either a synchro digital converter assembly (SDC) or a step
< S s o, o 8o £ g §§ % o interface assembly to the CPU board. Both boards have the same function, i.e. to convert the
== o5 o o = : . *
o © 8 g é 8 °s .8 %33 @ dzimuth data from a gyrocompass to a suitable data input for the CPU. The SDC board accepts a
= o o = . . . . . . . . .
g g3 S & §§ ; Synchro azimuth input as three-phase 90V line-to-line signal to a resolver circuit. A built-in test
e L (BTTE) circuit detects any errors or failure in the azimuth data at this point. Output from the resolver
ISa 16-bit data line to the CPU.
All the external operator command functions are requested through the display unit. The CPU scans
lhe X select lines of an X—Y matrix and monitors each of the Y lines sequentially searching for a
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keypad command. When a switch is pressed the X select gets transferred to a particular Y line apqg th
s )
command is initiated.

9.8.3 NMEA 0183 interface format

Communication with other shipboard navigation equipment is via the RS-232 and RS-422 Porg
Message format and field definitions are outlined below using the speed serial interface as an exan le.
The heading, heading order, and speed messages follow the NMEA 0183 format with extensiong fo;
status and tenths resolution.

Incoming messages are required to begin with the string, $ttsss, where: tt = (upper case characters)
talker identifier; and sss = (upper case characters) sentence identifier. Incoming messages may omi
the ‘*cc’ checksum field.

Table 9.2 Sperry ADG 3000 VT Autopilot NMEA 0183 input message styles. (Reproduced courtesy of
Litton Marine Systems)

(a) Input message styles

Sentence Data Expected rate (Hz) Time delta without message
before alarm(s)
—
HDT Heading, true 8 1
VBW Velocity, bottom and water 1 4
HSC Heading order command 3 15
HTC Heading of course to next waypoint 3 15
HTR True rate order i 15
XTE Cross track error 1 15
APB Alternate order command and cross i 15
track error
VHW Alternate water speed 1 4
(b) Output message style
Sentence Data Output rate (Hz)
FLT Faults 1
HSC Heading to steer 1
HTC Heading to waypoint 1
ROR Autopilot rudder order 1
STA Autpilot status and commands 1
STB Autopilot controls 1
VHW Heading and water speed 1
_
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sgrial speed interface

¢ the autopilot is configured for serial speed input, the CPU reads fore/aft speed data from the
: Onﬁgured channel. In an automatic mode, the CPU expects one message per second. If it does not
reCeive at least one message within 4s, the system alarm is set and the autopilot defaults to the
jast known speed input.

1f water speed is supplied but marked invalid, the processor uses it for steering; if water speed
A unavailable, the processor uses bottom speed. In either case, a system alarm is set for
misformatted messages. If speed is constantly less than 1 knot, the processor sets a system fault
and uses the normal service speed instead. The processor reports speed system faults only in
gtomatic steering modes.

The NMEA 0183 input speed message format is:

$ttVBW, sww.w,SX.XX,a,8yYy.y,szz.z,a*cc<cr><If>

where tt = talker ID;
s = negative for aft/port speeds, omitted for fore/starboard speeds;
ww.w = alongship water speed in knots;
XX.X = athwartship water speed in knots;
yy.y = alongship bottom speed in knot;
77.Z = athwartship bottom speed in knots;
a = status sign: A, if valid speed data is available;V, if not;
cc = ASCII hex 8-bit XOR characters after ‘$’ through the letter before the “*’;
<cr><If> = carriage return and line feed end-of-sentence markers.

Examples are:

$ttVBW,20.0,,A,,,V = Valid water speed with trailing zeroes omitted.
$ttVBW,,,V,18.2,,A = Bottom speed.

9.8.4 Troubleshooting

The system possesses an extensive fault identification system that enables system malfunctions to
be isolated to a circuit board or major subassembly level. Extensive use is made of the system’s
BITE function to identify types of malfunctions by means of pre-programmed diagnostics. It is
also possible for an operator to diagnose certain types of faults that are undetectable by the
processor-dependent BITE functions.

If a System or Compass alarm occurs, the operator presses and holds the Mute switch for 4 s or
longer. During this time, the CPU will search for a malfunction and, if it is one of the listed faults
in Table 9.3, it will display error information and a code corresponding to that condition. For
| instance, if there is an error in the input data from a speed log, the autopilot display may show
| Speed Log Error 40 Enter Manual Speed. Referring to the fault code and corrective action chart,
. part of which is reproduced as Table 9.3, it is possible to locate and/or rteplace a faulty
assembly.

The fault logic diagram, shown in Figure 9.17, shows the procedure to be followed if no fault
Code is present on the control unit display.
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Table 9.3 Sperry ADG 3000 VT fault codes and corrective action chart. (Reproduced courtesy of Littgp

Marine Systems)

Fault message
(20 spaces per line)

Description

Corrective action

(DEVICE B) LOST
(See Above)

(DEVICE B) ERROR
(See Above)

(DEVICE B) ERROR
(See Above)

(DEVICE B) ERROR
(See Above)

(DEVICE C) ERROR
(See Above)

CALCON I/O ERROR
Frame/Overrun/Noise

(DEVICE C) ERROR
(See Above)

CALCON I/O ERROR
Loss of interrupts

SPEED LOG ERROR
Enter Manual Speed

SPEED LOG ERROR
Enter Manual Speed

SPEED LOG ERROR
Enter Manual Speed

SPEED LOG ERROR
Enter Manual Speed

RADIUS DISABLED
Log Speed Required

14

16

17

40

41

42

43

44

Loss of receiver interrupts for 15s
(when NMEA 0183 device installed
on RS-422 port (Channel B))

Framing error; invalid message bit
format (on RS-422)

Overrun error (on RS-422)

Loss of transmitter interrupts for 1s
after character sent (on RS-422)

Overrun error; input too fast (on RS-
232)

Framing, overrun, or noise error (if
CALCON connected)

Loss of transmitter interrupts for 1s
after character sent (on RS232)

Loss of transmitter interrupts for 1
second after character sent

No VBW/VHW message received for
4s

Invalid format in VBW/VHW
sentence

Data out of range 1 ... XX kts per
CALCOM (low speed detected in
AUTO/NAV/TRACK modes; others
detected always)

Speed data null or marked invalid

Speed setting changed to a manual
entry while in RADIUS control

. Check source.

. Check wire connection.
. Replace ADS Assembly.
. Replace CPU Assembly.

a. Check serial channel wire progq, |
of source. y
b. Replace ADS Assembly.

a. Check serial channel wire Protocg|
of source.
b. Replace ADS Assembly.

Replace ADS Assembly.

o0 o

a. Check serial channel wire Protoco]
of source.
b. Replace ADS Assembly.

a. Check CALCOM cable connectiop,
b. Try running CALCON from g
different PC.

c. Replace CPU Assembly.

Replace ADS Assembly.

a. Check CALCON cable connection,
b. Try running CALCON from a
different PC.

. Replace CPU Assembly.

a. Check source.

b. Check wire connection.
c. Replace ADS Assembly.
d. Replace CPU Assembly.

a. Check message string output by the
source.

b. Check connection.

c. Replace ADS Assembly.

d. Replace CPU Assembly.

a. Check speed log source (log data
strings from source).

b. Check wire connection speed log.
c. Replace DC/DC Assembly.

d. Replace CPU Assembly for pulse
log.

o

Check speed log source (log data
strings from source).

Operator misuse.

—

\
I

The autopilot

is malfunctioning /
—

- S—

Are fault codes
present on
display unit?

No

¥

See table 5-1
for suggested
corrective
action.

Y

Check LED status
indicator on
DC/DC converter
assembly in
electronics unit.
(Refer to para 5-4)
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1. Check ship’s
wiring.
Is LED status No 2. Replace DC/DC
indicator functioning converter assembly.
properly?
Is problem solved?
Yes No
!
Is LED status N

indicator on CPU © Replace CPU

assembly.

assembly blinking?

Yes

!

Check

rudder servo amplifier

and ship’s wiring.
(Not part of autopilot)

;igure 9.17 Sperry ADG 3000 VT fault logic diagram. (Reproduced courtesy of Litton Marine
ystems.)
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9.9 Glossary 9_11 Revision questions
Adaptive autopilot One in which all the control signals are adapted to suit the vesse] 3 | What are the three main control functions known as PID in an autopilot system?
environmental requirements. d 9 What are the three main feedback parameters required by an autopilot system?
Counter rudder Determines the degree of opposite helm control which may be applieq 5 What parameter determines the extent of proportional control fed back into the system?
control 4 Why is the rate of change of the ship’s deviation from its course important in autopilot
Deadband A manually set bandwidth in which the rudder movers do not operate, systems?
Derivative control A control signal proportional to the rate of change of the vessel’s deviaty,, 5 What is an error summing system?
from its intended course. It is produced by electronically differentiating the ¢ What is the function of the weather control?
actual error signal. 7 The permanent helm control provides a degree of bias in the system. Why is this?
Follow-up mode (FU) Full autopilot functions apply. g What is the main difference between FU and NFU rudder control?
Integral control A control signal created by electronically integrating the heading error, Thig 9 What is deadband and why should it be kept as narrow as possible?
signal offsets the effect of a vessel being moved continuously off courge, (0 What is phantom rudder and why are its characteristics important to course keeping?
Non-follow-up mode The autopilot is switched off. Steering is by manual control.
(NFU)
Permanent helm Used when the vessel is being driven unilaterally off course by a cross winq,
Phantom rudder An electronic signal modelling rudder control.
PID controller A system using all three of the feedback signals: Proportional, Integral and
Derivative.
Proportional A control signal the extent of which is proportional to the positional eppgy
control deviation of a vessel from its intended course line.
Rudder limit Sets a finite limit on the maximum rudder angle that can be commanded.
control
Virtual ship A computer-generated model vessel used during the design of autopiloy
systems.
Weather control Used to slow down the effects of severe weather affecting the vessel’s course-
to-steer by effectively damping the response of the electronic feedback
circuitry.
9.10 Summary

@ A simple autopilot compares the course-to-steer data, as set by a helmsman, with the vessel’s actual ==
course, derived from a master compass, and applies rudder correction to compensate for any error
existing between the two input signals.

@ To be effective an autopilot requires the following inputs: information about the positional data from
the course line, rate of change of course data, and data specifying the cumulative build-up of error

e PID control systems use proportional, integral and derivative feedback signals.

@ A number of operator controls permit rudder control to counteract the static parameters of a vessel and
the dynamic effects of the environment. As an example, the weather control dampens the electronic
feedback circuitry to reduce the effects of heavy weather on rudder demand thus reducing the
likelihood of damage to the rudder mechanism.

@ An adaptive autopilot system is one in which all the feedback signals used for rudder control ar€
adapted to the existing requirements of the vessel and the environment.

@ A virtual ship is a software model used during the computer design of an autopilot system for &
specific vessel and ultimately used on the ship for control.

@ Rudder commands vary between open sea course keeping, course changing and confined waters
requirements. All are catered for in modern autopilot systems.




Chapter 10
Radio direction finding

10.1 Introduction

With the advent of the GPS and the massive leaps forward in microelectronic technology, the System
of radio direction finding (RDF) looks distinctly aged. It is, of course, the oldest of the position fiXing
systems having been around in one form or another since the First World War. RDF systems ygeq
throughout the last century owed their existence to Sir R. A. Watson-Watt who invented the origing)
concept and to Adcock who designed the non-rotating antenna system that eliminated the earljg
troublesome mechanical rotating antenna. To this day, RDF system principles remain unchanged, it jg
the signal processing and computing functions offered by modern microelectronics that has propelleg
RDF into the 21st century.

Once the mainstay of maritime position fixing the medium frequency RDF receivers and the large
loop antenna that once dominated a ship’s superstructure, have now been assigned to the scrap heap,
But RDF is still alive and modern vessels do carry VHF RDF equipment. It is still an efficient system
for localized position fixing and remains the only method for finding the bearing of a transmitter in
an unknown location. If the relative bearings taken by two suitably equipped ships are laid-out on a
chart, the two bearing lines will intersect at the position of the unknown transmitting station. Such a
station need not be a radio beacon. It could be a vessel in distress and thus the two receiving ships are
able, by triangulation, to pinpoint the distress position at the intersection of vectors drawn on a chart
from their two known locations. Naturally, the same holds true for two land-based RDF stations.

Because the use of RDF at sea has diminished over the years, its description in this book has been
simplified. Whilst the system principles remain the same, the standard of the receiving equipment has
dramatically improved and automatic direction finders now dominate the field. The nature of radio
waves and the antenna system is of prime importance in understanding the system and Chapter |
should be read before continuing with this chapter.

10.2 Radio waves

Radio direction finders work efficiently when using the properties of ground waves or space Waves
travelling parallel to the earth’s surface. Sky waves reflected from the ionosphere seriously affect
system accuracy and should be disregarded.

A propagated radio wave shown in Figure 10.1 possesses both electrostatic and electromagneti¢
fields of energy. It is the plane of the electrostatic field that is used to denote the polarizatioﬂ
characteristic of the wave. A radio wave possessing a vertical electrostatic field therefore indicates 4
vertically polarized transmission. An electromagnetic field lies in quadrature to the vertical
electrostatic field. Maritime direction finders use the properties of this horizontally polarized field
transmitted from an omnidirectional antenna system.
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Direction of propagation

Electric
field

[

Magnetic field

figure 10.1 A propagated radio wave illustrating the relationship between both fields of energy and
the direction of propagation.

10.3 Receiving antennae

This is without doubt the critical component in a RDF system. The electromagnetic component of the
radio wave induces tiny voltages termed electromotive forces (e.m.f.) into any vertical conductor
(antenna) in its path. If the conductor is a single vertical wire (an omnidirectional antenna), a tiny
current will be caused to flow along its length under the influence of the induced e.m.f. The amplitude
of the current flow, when applied to the input of a receiver, depends upon a number of factors, but for
a given transmitter with a constant power output, it is effectively governed by the distance between
the transmitter and the receiver. The frequency of the induced e.m.f. will, of course, be the same as
the transmitted frequency.

10.3.1 A dipole antenna

A vertical dipole antenna possesses the ability to transmit or receive equally well in all directions and
is therefore termed omnidirectional. If a transmitter is arranged to follow a circle at a constant distance
from an omnidirectional antenna, the induced e.m.f., at the receiver input, will be constant for all
vectors. The pattern thus produced is called the azimuth gain plot (AGP), or sometimes the polar
diagram, and illustrates the receptive properties of a vertical antenna as shown in Figure 10.2.

By measuring the induced e.m.f. for all receiving vectors, it is a simple matter to produce an AGP
for any antenna. The length of the radial vectors corresponds to amplitude and therefore, in this case,
the strength of the signal produced at the receiver input will be constant throughout 360°. This antenna
has been designed to be omnidirectional and is used in RDF systems as a ‘sense’ antenna to eliminate
bearing ambiguity.

Other antennae are carefully designed to be highly directional. A simple example of this is a Yagi
antenna, which is commonly used to receive television pictures and sound. In fact it is possible to use
A Yagi antenna and its maximum strength signal indication, to determine the bearing of the




e

348 Electronic Navigation Systems

|
|
Ve | N
|
{
|

6TX

Figure 10.2 The AGP reception plot for a vertical antenna. The antenna is at the centre of the circlg;

transmitting station. Maritime RDF systems, however, use the properties of a simple loop antenna of
an Adcock array, and produce a relative bearing indication from a zero or null signal strength.

10.3.2 A loop antenna

A simple loop antenna consists of two vertical conductors closed at the top and base to permit current
to flow. If the effect of sky waves is ignored (see Polarization error), the shape of the loop is
unimportant and for convenience it is often circular. Figure 10.3 shows two vertical antenna joined af
the top and at the base via a coil to enable the antenna to be coupled to the input of a receiver.

To be effective the distance between the vertical conductors must be less than one wavelength of
the received frequency. For this description, if we assume the distance between the vertical arms (0
be half of one wavelength and the direction of propagation as shown in the diagram, then maximum
e.m.f.s will be induced in both arms AB and CD. The e.m.f.s will cause current to flow through the
coil under the influence of an e.m.f. that is the product of the two vertical portion e.m.f.s.

Resultant e.m.f. = (e.m.f. AB) + (e.m.f. CD)

If the direction of the received wave is in the plane shown, or 180° away from it, the resultant current
flowing through the pick-up coil will be at its greatest and a maximum signal input to the receiver will
result. The single electromagnetic wavelength shown will be at 90° in relation to the vertical antenfid
arms.

With the transmitter at any angular position from the loop, e.m.f.s will be induced in both vertical_
arms. The relationship between the plane of the loop and the wavefront will determine the polarity of
the induced e.m.f.s, which in turn determines the direction and amplitude of the resultant current
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figure 10.3 Signal currents induced in the vertical arms of a loop antenna produce a resultant
potential difference across the input coil to a receiver.

flowing through the inductor. For convenience we shall consider the plan view of the loop and the
wavefront of the propagated signal.

Figure 10.4(a) shows that when the wavefront is parallel to the plane of the loop the e.m.f.s induced
in both arms will be of equal amplitude and the same polarity. The two will therefore cancel producing
n0 resultant current flow in the inductor and hence no input to the receiver. This is called a null
position because at this point the audio output from a receiver drops to zero. Clearly there will be a
second null position, 180° away from the first.

If the loop is turned so that its plane is now 90° with respect to the wavefront, two e.m.f.s will again
pe induced in both vertical arms, but they will be of equal amplitude but opposite polarity. This causes
a maximum circulating current to flow through the coil and a maximum output from the receiver
(Figure 10.4(b)). This situation corresponds to a maximum input to the receiver. Once again there will
be a second maximum 180° away from the first, the only difference being that the resultant current
will flow in the opposite direction through the coupling coil. The AGP produced by such a rotating
antenna is shown in Figure 10.5 and for obvious reasons is called a ‘figure-of-eight’ diagram.

A transmitter bearing north or south produces a resultant null output. A transmitter bearing east or
west produces a resultant maximum output.

10.4 A fixed loop antenna system

At the heart of this system are two permanently fixed loop antennae, mounted on the same mast or
base at 90° to each other, one on the fore-and-aft line and the other on the port-and-starboard line of
d vessel. An early manual RDF input system is shown in Figure 10.6 to illustrate the principle.

In this case each precisely mounted loop antenna is connected to a pair of precisely aligned fixed
coils in a goniometer, a tiny transformer arrangement recreating the electromagnetic fields of the loop
antennas. A search coil, able to rotate through 360° inside the fixed coils is tuned to the incoming
frequency by the tuning capacitor, C. The resultant circulating current flows through the primary
Winding of T2 to provide the input to the receiver. The vertical antenna is coupled to the circuit via
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I gigure 10.5 The figure-of-eight azimuth gain plot for a loop antenna.
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Figure 10.4 (a)The resultant input to a receiver is zero if the plane of the loop is parallel with the
travelling wavefront.(b)The input is a maximum if the loop plane is at 90° to the received signal.
3 LYY Y e
‘ sense
input
T1. In effect, the goniometer has created a miniaturized version of the rotating loop antenna systei T2
without its mechanical disadvantages. . oot
Induced currents in each loop are caused to flow through corresponding fixed field coils in the coil 3 E to
goniometer. The amplitude and phase relationship of each of the currents will depend upon the= Input :
relationship between the plane of each fixed loop and the wavefront of the received signal. Currelf = regeiver
flows will create a magnetic field around the fore-and-aft, and port-and-starboard field coils of the
goniometer. A fully rotatable search coil is inductively coupled to each of the field coils. In this way cyA

the mutual inductance between the search coil and the field coils follows a true cosine law for 'a“.)'
angular position of the search coil to the field coils through 360° of rotation. If the search coil 18

A

Goniometer

rotated fully the input to the receiver will consist of a varying signal producing two maxima and W0 Figure 10.6 A simple receiver input circuitry for a fixed loops system.
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(c)

minima positions. A figure-of-eight polar diagram will be created artificially in the config

environment of the goniometer. &
Obviously the construction of the goniometer is critical. Early automatic RDF equipment useq

tiny servomotor to rotate the search coil but modern equipment dispenses with the mechap;

. . . i ¢ -
interface and uses software processing to eliminate the reciprocal bearing and produce 4 trliil
e | T

{,-2

indication.

i2

10.4.1 The Adcock antenna

Adcock arrays are capable of covering wide frequency ranges, but for maritime VHF USe, he
bandspread is relatively small and simple antennas can be used. An Adcock element pair is constrygge, d
using two omnidirectional antennas spaced apart by a fraction of the received frequency wavelengyy,
in the horizontal plane. Such an arrangement produces an AGP as shown in Figure 10.5. In Practige
two Adcock pairs are mounted at right angles to each other forming an array.

As in the loop system, Adcock elements are spaced at a fraction of a wavelength apart, often in the
region of one-eighth to one-third of the received carrier wavelength. In practice Adcock arrayg
produce more sharply defined figure-of-eight plots if the spacing between active elements (d) is smal]
Taking the marine VHF communications band at approximately 150 MHz (Channel 16 is 156.8 MHz),
one half a wavelength is approximately 1 m and one-eighth wavelength is 25cm or 10 inches, f,
Figure 10.7(b), the Adcock array is mounted on a ground conducting base plate, called a ground plane,
and the active elements are insulated from it. Distance d between the active elements is a constang,

Figure 10.7(c) shows the electrical equivalent of an Adcock array. Induced signal currents il gng T
i2 produce a resultant difference current in the receiver input circuitry. The magnitude of this currepg
is proportional to the element spacing d and the length L of the elements. Currents induced into the
horizontal portions of the array, shown dotted in the diagram, are of equal magnitude and direction ang
will cancel. Like the loop antenna, the resultant azimuth gain plot is a double figure-of-eight with
maximum gain being achieved in line with each pair of dipoles (see Figure 10.8). The length of the
active elements L is also related to wavelength and because each arm is effectively a dipole antenna,
L is likely to be one-quarter wavelength or a further subdivision of one wavelength.

On the arrangement shown in Figure 10.7(b), the central element is a sense antenna, the output from
which is used to eliminate bearing ambiguity.

via receiver input

Resultant current
tuned circuit

i

:

o

Eliminating the reciprocal bearing indication

The minima or null positions of the figure-of-eight AGP have been chosen to indicate the direction of
the bearing because the human ear (used extensively for determining bearings in early systems) IS
more responsive to a reducing signal than to one that is increasing. For a single Adcock array or loop
antenna, there are two null positions, one that indicates the relative (wanted) bearing and the other the
reciprocal. Dual antenna arrays create quadruple null indications. S
In many cases, reciprocal null indications pose no problem because the relative bearing will be the

one that lies within the expected bearing quadrant from a known receiver. However, when taking the [} S———
bearing of an unknown vessel, for triangulation plotting, it is not known in which quadrant the bearing
will lie and therefore a second input to the receiver is required in order that the other null positions
can be eliminated. To simplify the explanation, AGPs for a single loop antenna and a vertical antennd e B
have been used. The result of adding the vertical antenna signal, sometimes called a ‘sense’ input, 10
the resultant loop signal for a single loop is yet another AGP which for obvious reasons is called @
cardioid and is shown in Figure 10.9.

Baseplate

Active
elements

Figure 10.7 (a) A pole-mounted Adcock antenna and (c) its electrical equivalent. (b) A base plate-mounted Adcock array.

(a)
(b)
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The signal produced by the sense antenna is an omnidirectional sine curve whereas that of the
figure-of-eight curve possesses both sine and cosine properties. The resultant cardioid is
ated by radially adding and subtracting the two signal levels. For the sine portion of the loop
ram, AB + AC = AD and for the cosine portion, AE — AF = AG. Unfortunately, although a
o single null position has been produced, it has been shifted by 90°. This error is compensated

2 [ in the receiver bearing processing circuitry.

e wThe result of adding a sense signal input to a dual loop or Adcock array is to produce a double
./ rleld and the further bearing ambiguity thus produced is again eliminated during computing.
! g fact it is possible for modern RDF receivers to produce a relative bearing without a sense
\‘ ‘ ntel’]]’la input. The microelectronic circuitry computes a virtual sense input for every position in

\.\ azlmuth

10.5 Errors

Although RDF systems are subject to errors, caused mainly by environmental effects, if a fixed

ey op or Adcock RDF system is correctly installed and accurately calibrated the errors can be
Figure 10.8 AGP diagram for an Adcock (or a crossed loop) pair. reduced to virtually zero. As with any electronic system, it is important to appreciate the error
quses and cures. The major error factors affecting RDF systems installed on merchant ships are
Null with sense jisted below. Some of these have minimal effect at VHF but they have been included here for
input added reference.

sense

Pty 10.5.1 Quadrantal error

‘L This error is zero at the compass cardinal points rising to a maximum at 045, 135, 225 and 315°.
relative Bach maximum error vector falls into a quadrant and hence the error is termed quadrantal. The
bearing cause of the error is a re-radiated signal produced, mainly along the fore-and-aft line of the vessel,
pointer by the ship’s superstructure receiving and re-radiating the electromagnetic component of the
signal. All metallic structures in the path of an electromagnetic wave will cause energy to be
received and then re-radiated. In this case the re-radiated signal is in phase with the received
wave. The two signals arriving at the RDF antenna will be of the same frequency and phase and
] will therefore add vectorially causing the relative bearing to be displaced towards the fore-and-aft
line of the vessel, as shown in Figure 10.10.

The new bearing is a vector sum of the received and re-radiated signals. The magnitude of the
error depends mainly upon the vessel’s freeboard and the position of the loop antenna along the
fore-and-aft line. For a loop mounted in the after-quarter of the vessel, the effect will be greatest
in the two forward quadrants, and vice versa for a loop antenna mounted in the forward quarter.
Fortunately the error, for a given mounting position, is constant and is able to be eliminated. For
a fixed crossed loop system, the fore-and-aft loop antenna, which is under greater influence from
lhe unwanted signal than the port-and-starboard loop antenna, is made smaller. Also quadrantal
error correction is more accurately achieved by placing a quadrantal error variable corrector coil
in parallel with the fore-and-aft loop coil.

cosine
curve

Vertical
\ antenna sine
\ curve
\

Cardioid The effect of varying the inductance of such a coil during calibration is to reduce the signal
anrve Pick-up along the fore-and-aft line of the vessel. Modern equipment also includes a smaller
Figure 10.9 The resultant cardioid AGP produced by the addition of the figure-of-eight and circular Compensation coil across the port-and-starboard loop circuit. Correct alignment of these coils

plots. Ieduces the effect of quadrantal error.
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Figure 10.10 The effects of quadrantal error are to pull the bearing indication towards the vessel's
lubber line.

10.5.2 Semicircular error

As with quadrantal error, semicircular error is caused by a re-radiated signal arriving at the loop
antenna along with the received radio wave. In this case the re-radiated signal is produced by vertical
conductors in the vicinity of the loop antenna. This re-radiated signal from such conductors is out of
phase with the primary signal and will therefore cause an error that rises to a maximum in two
semicircles. Conductors that produce an out of phase re-radiated signal possess a resonant length thal
is close to the half a wavelength of the received signal.

The most obvious of these conductors are the vessel’s various antennae, but wire stays will also
have the same effect. For re-radiation to occur, induced current must be able to flow in the conductor.
To prevent current flow, wire stays may be isolated by inserting electrical insulators along their
length.

10.5.3 Polarization error or night effect

A RDF system works on the principle that the electromagnetic component of a propagated space wave
parallel to the earth’s surface will cause small e.m.f.s to be induced in the vertical arms of an antennd.
Under some conditions propagated radio waves are refracted by the ionosphere and will return to earth
some distance away from the transmitter. The ‘skip distance’, the surface range between the
transmitter and the receiver, in which radio waves may be returned from the ionosphere, depends upof
a number of factors. Two of these are

@ the frequency of the propagated wave
@ the density of the ionosphere.

Hadio direction finding 357

The frequency of the radio wave is a constant, but the density of the ionosphere is far from constant
25 it varies with the radiation it receives from the sun. If two radio waves from the same transmitter
are received at a RDF antenna, one directly and the other as a skip from the ionosphere, e.m.f.s will
be induced in both the vertical and the horizontal portions of the antenna. Under such conditions it
may not be possible to determine the direction of the transmitting station by rotating the loop or search
coil because the angular position of the horizontal portions of the loop with respect to the sky wave
cannot be changed. The relationship between the ground wave and the sky wave will be constantly

‘ Changing in phase, amplitude and polarization, which in turn will cause considerable fading and null

osition shifting to occur when attempting to take a bearing.

Although there is no cure for night effect, using an Adcock array with no horizontal limbs
effectively eliminates pick-up from sky waves. However, because the effect is most prevalent 1h
cither side of the time of sunrise and sunset, when the ionosphere is most turbulent, if using a loop
qntenna, it is advisable to treat bearings taken at this time with suspicion.

10.5.4 Vertical effect

| The error known as vertical effect has been virtually eliminated by the careful construction of a loop

antenna. The error was caused by unequal capacitances between the unscreened vertical arms of the
joop antenna and the ship’s superstructure. Depending upon the shape of a vessel’s superstructure, the
effect produced an imbalance in the loop antenna symmetry, which in turn produced errors that varied
in each quadrant. Mounting the loop conductors inside an electrostatic tubular screen eliminates this
eITor.

As shown in Figure 10.11 the loop conductors are mounted precisely in the centre of the tube, which
nas the effect of swamping the imbalance of the external capacitance. The loop screening tube is
earthed at its centre and is supported at the pedestal by two insulation blocks. The blocks effectively

. prevent the electrostatic screen from becoming an electromagnetic screen that would block the

passage of electromagnetic waves and cause the input to the receiver to fall to zero.

- Electrostatic
N, screen

\

Loop conductors

\ P
N =

Insulation

i

Pedestal

Conductors to
goniometer

Figure 10.11 Electrostatic screening of a single loop to minimize vertical error.
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Figure 10.12 Error introduced by a reflected VHF radio wave.

10.5.5 Reflected bearings

Originally, maritime RDF systems relied on the reception of medium frequency ground waves, the
velocity of which is influenced by the conductivity of the surface over which the wave is travelling,
This factor gave rise to an effect known as ‘coastal refraction’ when bearings were taken from a
beacon inland and the radio wave crossed from land to water.

Although VHF space waves do not suffer from velocity changes caused by ground absorption, they
do suffer from reflection and it is possible for a RDF bearing to be in error if it is taken froma
reflected wave. This can happen when bearings are taken from inland beacons, such as aeronautical
VHF beacons, that may be close to high rise buildings or objects (see Figure 10.12). Unless there s
published documentation advising of errors, it is advisable to treat bearings taken from aeronautical
beacons with suspicion.

10.6 RDF receiving equipment

In the early days of radio direction finding, receivers were almost always manually operated. Today
however, all RDF equipment is automatic. The first automatic receivers depended upon the usé of
servomotor to physically drive the RDF compass card to indicate the relative bearing.
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10,6.1 An automatic system using a servomotor

is type of RDF has at its heart a low power two-phase servo that, via a mechanical drive
echanism, rotates the goniometer search coil and bearing pointer. This type of system was popular
pecatise the bearing is displayed on a compass-like card that revolves to indicate the relative
pearin® . .

First, it is necessary to generate the servomotor signal requirements. A low frequency oscillator
enerates the necessary two signals, one phase shifted by 90°, to drive the servo. Figure 10.13
gstrates the operational characteristics of the two-phase induction servo used in this type of
stem-

Two signals, one a reference signal and the other a 90° phase-shifted control signal, are applied, via
ower amplifiers, to the two stator windings of the servo. Current flows through each of the coils
roducing magnetic fields along the two axes shown. Each magnetic field causes small e.m.f.s to be
i aduced in the squirrel cage rotor causing it to rotate under their influence. The relative bearing
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:igure 10.13 The rotating magnetic field produced in the stator windings of a two-phase induction
ystem.
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pointers shown above the two phase-related signals indicate the instantaneous position of the .
each of the 45° positions of one cycle of input. The resultant magnetic field produced by th lor
alternating currents will be continually changing and will create a rotating magnetic field turn; ot
rotor and the search coil in the goniometer via the mechanical linkage. ng
The search coil continues to rotate as long as the two servo windings are under the inﬂuenCe
phase quadrature signals. If one signal (the control) disappears the rotor will stop. If the lthe
relationship between the two signals changes the servo will again stop, unless the change is 1g¢0
the servo rotor will rotate in the opposite direction. This characteristic is exploited in the autow e Fesultant output at the R.F. amplifier
RDF where the control signal is coupled via the receiver circuits to the control winding of the ;:rvlc

The control signal is therefore under the influence of the received resultant loop signal amplj¢

Once the electrical signals have been generated and the reference signal is applied to the Ser‘\l/de.
is necessary to modulate the control signal with the received bearing signal. This is dope bo, ! Sense antenna signal
modulator that is placed between the antenna signal line and the input to the receiver as Showy a
n in

Figure 10.14.

R.F. input to modulator

Wo

Low frequency switching signal

Resultant output signal applied

0 ) ] to receiver
270 ~G80) ot T
180 Low frequency envelope
. 3 SenseR.F.
Goniometer § amplifier Figure 10.15 lllustration of the waveform mixing process to produce the servo control signal
) el eﬂVG'Ope'
}x :\?:;?nf:ié’:r' —> gopsgéfst;ee t—={ Modulator }— &.r:g(rgep. Receiver ——AF. Output
!g!h = X f l Joop signal in the Cowan modulator and then re-constituting it with the sense input signal ensures that
. U] - [ Qoscéera%ee dgteergt% ) he servo cannot rotate if the sense input fails. Thus a failsafe system has been introduced to eliminate
i § linkage phase shift & filter he possibility that the servo would stop the search coil on the reciprocal null position of the relative
‘ 3 T bearing if the sense antenna failed.
7 Rotor- 3 Cs)seg_"g The servo detector circuit now detects the amplitude variation of the intermediate frequency and
] ‘J Smegz’oor b Reference amplifier couples the resultant signal through a series resonant filter to the control winding of the servomotor.
il s " The filter ensures that only the low frequency servo signal is amplified to become the servo control
s 1 signal. The rotor now rotates moving the search coil of the goniometer towards a bearing. This in turn
m‘,ﬁ ng:gr()‘ N will causes the loop signal to the radio frequency amplifier to reduce in amplitude. The output from
winding the modulator reduces causing the output from the servo detector to fall. As the control signal
Cs?é‘;;“" amplitude falls, the magnetic field created around the control stator winding reduces and the rotor
_amplifier slows down. Eventually a null position will be reached where the loop signal falls to zero, no
Figure 10.14 System diagram of a servo-controlled automatic RDF system. modulat101.1 take§ place an dl thie SSlv0 HOpe. . s ;
Theoretically it is possible for the servo to stop on the reciprocal null position. In practice, however,
the reciprocal null position is very unstable due to noise and thus the system will only remain steady
Assuming that the search coil is stationary and sitting 90° away from a relative bearing position, in the relative bearing position. To prevent null position overshoot, which may be produced by the
maximum signal output from the search coil to the loop amplifier results. This signal is then pha& ¥ lorque of the servo as it swings rapidly towards a null, an opposing magnetic field is created within
shifted by 90° to eliminate the error that will occur when the permanently connected sense input the servo, by a d.c that is introduced when the rotor has moved within prescribed limits of the relative
applied at a later stage. bearing position.
The control signal is now applied to a Cowan modulator where it is both amplitude- and phl
i ° -shi igna
ii&lia;zdﬁingeofg?g waveform from the modulator is an alternately 180° phase-shifted sig | 106.2. A computer-controlled RDF system
In the next radio frequency amplifier, the vertical sense antenna signal is added to the output of A computer-controlled RDF system is shown in Figure 10.16. The description of the system is based

modulator causing the loop signal to be returned to its original phase. This signal is now an amplitu pon the discrete logic circuitry of an early RDF receiver manufactured by the STC International

modulated radio frequency and is processed by the superhet receiver in the normal way. Chopping Marine Company. It has been used here because of its clarity of operation.
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F

(write), and RD (read) control lines are gated to provide four memory and port control lines MEMR
(memory read), MEMW (memory write), IOR (input/output port read) and IOW (input/output port
Write). MEMR and MEMW are further gated to command both the EPROM and RAM memory
Capacity. Lines IOR and IOW, via the buffer address decoder, control the three data input/output ports:
bearing data, gyro data and keypad data.
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A i ! The output signal amplitude of both the port-and-starboard antenna and the fore-and-aft antenna
! 5 : - : will vary with the azimuth angle of the received radio wave relative to the ship’s heading. Figure 10.17
l > R Ho |8+ §§ —“GZE = ' illustrates the resultant polar diagrams produced by the two antennae for a transmission received on
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: x LR ! 8 | phase relationship between the fore-and-aft signal and the sense antenna signal is now compared in
i RES——— 3 éé | ®  the bearing detection assembly board to determine the relative bearing. This process is extremely
s L >3 'l = £ g i g complex. It is controlled by the -set (phase comparison initiation pulse) and the B-sel line (bearing
O N @ 1 i 3 . . & » " B 18
Ellsg |! ei® > ® i@ select) both of which originate in the microprocessor. Basically the decoded phase relationship is used
< @ 21188 | vl 218 g 8 e g % ¥y p P
o 2 gLEs || o|2 @ 3 & [0 clock an up/down logic counter under command of the B-sel line input. The output from the
! ' counters is then connected via an analogue-to-digital converter to the interface circuits of the
i ‘ g g
'. ! % computer.
—— - Lo . .
i i T & Bearing computation is software commanded by a dedicated program held in an EPROM. Central
<  control is from a CPU that, via data and address bus lines, commands all functions. [/O/M, WR
2
o
-
0
3
2
[

T




364 Electronic Navigation Systems

Radio direction finding 365

Operation in bearing mode , deflect to 045° (Figure 10.18). If both voltages are of equal lesser amplitude, the bearing remains
he same but the trace length reduces to indicate a weaker signal. If for instance the x deflection
Joltage is a maximum and the y deflection voltage drops to zero, the displayed bearing will be 090°,
This is a simple explanation of the principle. In practice the timebases are more complex.

Modern equipment using flat screen technology uses complex matrix technology but the principle
ang } s the same. The relative bearing may be displayed as polar diagram representation, in the form of a

‘ par chart, or it may be in numeric form.

Keypad commands are read onto the data bus from the I/O port that has been enabled by the Ry lin
The line 02 output from the buffer address decoder is also be enabled. The CPU commands recejyq.
and bearing detection assembly functions to produce bearing data at I/O port IC3. Using the R AM °r
storage, and EPROM software, the CPU inputs bearing and gyro data to complete the computatioy
produce the bearing data to command the display logic.

Bearing presentation ' 40.6.3 VHF scanning RDF equipment

A RDF bearing display can be as simple as a three-digit numerical readout or as complex as thy¢ 4
an integrated navigation system, but many navigators prefer to see the relative bearing displayeq 2
real-time polar format. In common with all data displays, the relative bearing displayed shoyjq
unambiguous and clearly visible. It should also be capable of being displayed in a north-up or ships.
head-up mode, depending upon requirements. Other data indications are signal strength, bearing
quality, receiver frequency and own ship’s heading.

In general there are two outputs from a modern bearing processor to feed the deflection systen, of
a display. They are the vertical or y-axis produced from the fore-and-aft co-ordinates ang the
horizontal or x-axis produced from the port-and-starboard co-ordinates. Equipment using a cathode ‘

Whilst the carriage of a radio direction finder is not a mandatory requirement on merchant vessels
here is no doubt that it is a useful piece of equipment. Since the maritime medium frequency RDF
gystem ceased to function, the number of companies manufacturing and selling maritime RDF
equipment has fallen to a mere handful. One traditional marine equipment supplier, Koden, produces
5 1ange of RDF equipment designed to operate as stand-alone systems or to be interfaced with an
existing VHF communications receiver. One of their models the KS538 is at the forefront of
rechnology in this area (Figure 10.19).

ray tube for bearing display uses the two outputs to vary the electrostatic fields generated by x-axjg
and y-axis deflection plates to deflect the electron beam in the direction of the relative bearing, Ry
instance, equal amplitude positive voltages fed to both the x and y deflection plates will cause the spot
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Figure 10.18 The magnitude of each x and y voltage determines both the azimuth indication and Figure 10.19 A modern RDF installation showing interface details. (Reproduced courtesy of Koden
the strength of the signal as shown by the length of the vector. Blectronics Co. Ltd.)
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Unit : mm (inch)
Antenna unit

210 500 (19.7)
(0.4") 450 (17.7")

>
RS 7 b T 1 Bowd
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~
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o
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Weight : 4.5kg (9.9 Ib)

Figure 10.20 Construction detail of the Adcock antenna unit. (Reproduced courtesy of Koden
Electronics Co. Ltd.)

As has previously been stated, a RDF is basically a high quality communications receiver with
the addition of a specialized antenna and a suitable visual display. Central to the Koden unif,
shown in Figure 10.19, is a fully synthesized VHF receiver able to receive frequencies in the
range 110-179-999 MHz in 1kHz steps. All VHF channels are held in memory including 55
international channels, four US weather channels, three Scandinavian fishing channels, two
pleasure craft channels, and the international distress channels. In addition, 99 other channels are
operator programmable. Each channel is selected via an alphanumeric keypad and all channels can
be automatically scanned.

The system uses a four-element Adcock array antenna for bearing location (see Figure 10.20).
Element spacing is approximately 450 mm and the length is 886 mm, which as a subdivision of
the short VHF wavelength puts the receptive properties well within the required band.

In common with most modern manufacturers, Koden makes good use of the large backlit LCD
display (Figure 10.21). Bearings are presented in the preferred polar form as well as digitally. The
dominant feature of the display is the representation of a compass card that clearly shows the
relative bearing. It is displayed as a large black triangle, in this case 247° relative. If compass datd
is interfaced with the unit, a second indication showing the vessel’s course appears and bearing
data may be shown as a three-digit true bearing for laying-off on charts during a triangulation
exercise.

Other display data includes the received frequency and channel number, the signal strengths
relative (bow) or true bearing indication, signal modulation, channels and sweep rate, and the
period of data presentation.
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Figure 10.21 The Koden KS-538 RDF system display is a good indication of the information
presented to the user of a modern equipment. (Reproduced courtesy of Koden Electronics Co. Ltd.)

' 10.7 Glossary

A directional antenna constructed from a number of dipole pairs.

The radiation or reception pattern of an antenna when drawn in azimuth.
Occasionally called a polar diagram.

A vertical antenna with the ability to receive equally from all directions.

A directional antenna constructed from a coil of wire. Need not be circular;
square or triangular shapes are also popular.

Null The zero signal condition that indicates the true bearing in manual RDF
systems.

See azimuth gain plot.

Caused by receiving signal refracted from the ionosphere.

Adcock antenna
Azimuth gain plot
(AGP)

Dipole antenna
Loop antenna

Polar diagram
Polarization error

| (night effect)

Quadrantal error
Reciprocal bearing

An error existing in all azimuth quadrants of a RDF system.

The opposite bearing to the true bearing.

Caused by out-of-phase re-radiated signals from structures in the vicinity of
the receiving antenna.

An omnidirectional antenna providing an input signal to eliminate the
reciprocal (unwanted) bearing.

Sense antenna
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10.8 Summary

@ RDF systems operate by receiving ground or space radio waves, not sky waves.

e By triangulating RDF azimuth bearings on a chart it is possible to locate a transmitter g a
unknown location.

e Early systems used rotating antenna but modern equipment is automatic and uses fixed recei\'ing
antenna.

@ A loop antenna is highly directional and two fixed at 90° to each other are used to determine the
direction of a transmitter in azimuth.

e An Adock antenna system possesses the same properties as a loop antenna and is often used in RDER
systems.

@ The input from a dipole antenna, called a sense input, is used to eliminate the reciprocal (unwanted)
bearing.

@ A number of errors affect system accuracy but they are mostly predictable and are eliminateq,

@ Modern RDF systems use frequencies in the VHF band and consequently small antenna may p,
used. Maritime VHF channels are held in memory in modern equipment.

@ Modern RDF equipment may be a stand-alone unit or it may be an addition to the bridge VHg
equipment fitted on all commercial vessels.

10.9 Revision questions

1 How are two RDF-equipped vessels able to triangulate the position of an unknown vessel?

2 How is it possible to produce a null or zero signal at the input to a receiver merely by rotating an
antenna?

3 A single loop or Adcock antenna produces an AGP with two nulls. How may the reciprocal
(unwanted) null be eliminated?

4 How do sky waves affect the accuracy of an RDF system?

5 How do reflected radio waves affect the accuracy of the indicated bearing?

TChapter 11

Global Maritime Distress and Safety
System

11.1 Introduction

jt may seem a little strange to include a chapter about distress communications in a book dedicated
(o radio navigation, but the Global Maritime Distress and Safety System (GMDSS) is of prime
jmportance to all maritime personnel. The system has been developed to provide mariners with a
Jobal communications and locating network, elements of which are capable of being operated by an
individual with minimum communications knowledge and yet enable alerting and Search and Rescue
(SAR) to be reliably achieved and controlled. A simplified description of the GMDSS and its
navigational elements follows. For a full and detailed description of the system, refer to our book
Understanding GMDSS.

11.2 The system

Aftter a lengthy implementation period, the GMDSS became fully operational on 1 February 1999. The
pasic concept, shown in Figure 11.1, shows that a ship in distress is effectively inside a highly efficient
radio net. If the casualty is correctly fitted with GMDSS equipment it will be in a position to alert and
communicate with a wide range of ship- and shore-based radio stations and through them initiate a co-
ordinated SAR operation based on a rescue co-ordination centre (RCO).

GMDSS relies heavily on digital selective calling (DSC), an electronic system enabling automatic
24-h watchkeeping on specific frequency channels ensuring that a distress call is received and
acknowledged.

Two-way global communications with shore stations is via the International Maritime Satellite
Organization’s INMARSAT) geostationary satellites or on the HF terrestrial bands. One-way distress
alerting may be achieved via the polar orbiting COSPAS/SARSAT satellites.

Navigation elements of the GMDSS include NAVTEX, providing on-board navigation data and
meteorological warnings and the new Inmarsat-3 satellites encompassing navigation payloads
designed to enhance the accuracy, integrity and availability of both the GPS and the GLONASS
Systems.

11.2.1 Carriage requirements

Whilst the GMDSS is a global system it is not necessary for all ships to carry a full range of
Communications equipment. Vessels trading solely in coastal water, for instance, may carry less
®quipment than ocean-going ships. The equipment to be carried is determined by the declared area of

-
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\ operation of a vessel within the regions of the GMDSS radio net. The designated areas are as
follows.

o Area Al is within the radio range of shore-based VHF coastal radio stations. Typically 20-30
pautical miles, although many countries do not provide sufficient radio stations to guarantee total
- radio coverage around their coastline. For this reason some countries have not declared an A1l
designated area. For example, the UK has declined to do so and vessels trading in UK waters must
pe fitted with radio equipment to satisfy area A2 requirements.
Area A2 is within the radio range of shore-based MF coastal radio stations, typically 100—150
nautical miles.
¢ Area A3 is within the coverage area of Inmarsat satellites, generally defined as the temperate
regions of the world between the limits 70° North and 70° South.
o Area A4 is designated as all other remaining areas or defined as full global coverage for those ships
not fitted with satellite communications equipment. This assumes that a terrestrial HF
communications system is fitted.

Rescue
co-grdination
centre

\

networks

National/international

sion contral
centre
®

Local user
termingtimis-

Coast
radic
station
HF, MF, VHF

In the event of an emergency the first concern of any radio communications operator is that of alerting,
which must take precedence over all other communications. Under GMDSS regulations all vessels
must be provided with two totally independent methods of distress alerting (see Figure 11.2). Of
course when alerting in a distress situation any method or available equipment may be used to attract
attention.

If time permits, a GMDSS alert is normally initiated and acknowledged manually using the primary
communications system. Such an alert is easily initiated by using the DSC equipment or simply by
pressing the distress alarm button on an Inmarsat mobile earth station (MES) terminal. In the event
that a disaster overwhelms a vessel before the DSC system can be used or a manual alert sent, a float
free satellite emergency position-indicating radio beacon (EPIRB) is automatically released and
activated. The alert message is then received by a COSPAS/SARSAT satellite, the position of the
casualty calculated and the data transmitted to earth when the satellite next passes within range of a
download station.

Once the RCC for an ocean region has been advised of a distress position it will use either terrestrial
or satellite communications to alert other vessels in the area of the casualty. This again implies the use
of DSC.

Because DSC forms such an integral part of GMDSS a description follows. Readers should
remember that DSC is a highly complex electronic calling system and only a relatively brief
organizational description can be provided here.

11.2.2 Digital Selective Calling (DSC)

Coast
radioc
station
HF, MF, VHF

Coast
sarth
station

GMDSS distress alerting relies heavily on the automated DSC system fitted in shore-based radio
stations and carried on all GMDSS equipped ships. DSC effectively enables a 24-h radio watch to be
maintained on specific terrestrial frequency channels. For ships at sea, DSC radio watch must be
maintained on the following frequencies.

INMARSAT 2 {7
networks
4

Rescue
centre
|

co-ordination
Nanonal/International

® VHF channel 70

® MF 2187.5 kHz — in Al and A2 areas

® HF 8414.5kHz and at least one other HF DSC frequency appropriate to the time of day and the
location of the ship in a A4 or/and A3 area for those ships not fitted with an Inmarsat MES.

Figure 11.1 General concept of the GMDSS. (Reproduced courtesy of the IMO.)
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Figure 11.3 DSC sequence of (a) a distress call, (b) a distress relay call and (c) a distress acknowledgement. (Reproduced courtesy of the

IMO.)
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On-scene SAR communications are, by definition, short range and will normally take place on VHF

petween the casualty and other ships or aircraft. Locating a casualty may be done in a number of

ways:

¢ At long range by precise latitude and longitude co-ordinates sent in the alerting message or by using
COSPAS/SARSAT fix co-ordinates.

¢ At short range using VHF radio direction finding triangulation (not a required part of the GMDSS)
or, if the casualty has activated a search-and-rescue radar transponder (SART), by using the
assisting vessel’s radar. A SART generates a series of signals that are easily identified by a 9 GHz
shipboard or aircraft radar. The radar display shows a line of 20 blips extending outwards for 8
nautical miles along the bearing line of the SART.

11.2.3 The space segment

satellite communications play a crucial role in the operation of GMDSS. Using satellites, suitably
equipped vessels are able to send a distress alert and receive an acknowledgement instantly and
reliably from virtually anywhere in the world.

To ensure full global coverage for alerting purposes, two satellite segments, the Inmarsat system
and the COSPAS/ SARSAT system, are in operation. The Inmarsat system uses geostationary
equatorial orbiting satellites whereas COSPAS/SARSAT uses polar orbiting satellites. Communication
via the Inmarsat system is instantaneous and two-way whereas the COSPAS/SARSAT system is
outward from the ship only.

COSPAS/SARSAT

COSPAS/SARSAT (Space system for search of distress vessels/Search and Rescue Satellite-aided
Tracking) is an international satellite-aided search and rescue system established and operated by
Canada, France, the USA and the USSR.

COSPAS/SARSAT satellites receive digital signals on 406 MHz (for maritime GMDSS EPIRBS)
from a casualty, electronically process them and then transmit the data back to a Mission Control
Centre (MCC). Various parameters including Doppler frequency shift are used to determine the
position of an alert transmitted from a maritime EPIRB, an aeronautical ELT (Emergency Locating
Transmitter) or a PLB (Personal Locator Beacon). When a COSPAS/SARSAT satellite passes over an
MCC, the data are transmitted to earth for onward transmission to an RCC where the distress position
is computed. Depending upon the relative position of a satellite with respect to the casualty there may
be some delay in downloading the information but this is insignificant when one considers that the
system allows for truly global distress alerting. See Figure 11.4 for the basic concept of this alerting
system.

INMARSAT

To give the reader an understanding of Inmarsat’s involvement in the GMDSS, a brief outline of the
satellite communication system follows. A full description of satellite communications and Inmarsat
can be found in the book Understanding GMDSS.

Over 40 countries are signatory members of Inmarsat and each one appoints an organization to
represent its investment and interests in the system. Inmarsat signatories are responsible for the
establishment and operation of the land earth stations (LES) that are the downlink stations
Communicating with Inmarsat satellites. Mobile users, on the other hand, purchase, install and operate
Mobile Earth Station (MES) equipment that has been constructed to Inmarsat-approved standards by
approved suppliers.
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‘ Inmarsat’s operations control centre (OCC) forms the nucleus of the system’s control. It is located
on the outskirts of London, England from where technical operators monitor the network for all three
ocean regions. Each of the ocean regions, Atlantic (AOR E/W), Indian (IOR) and Pacific (POR), is
served by one or more satellites in geostationary orbit approximately 36 000 km above the equator.
currently there are four satellites in each region, some are active and others are available for standby,
roducing coverage ‘footprints’ as shown in Figures 11.5 and 11.6.
There are several classes of MES and equipment available in the Inmarsat system of interest to

mariners.

o Inmarsat-A. This is physically the largest and oldest of the four and, although the technology has been
improved upon in the new digital Inmarsat-B MES, it still provides a good service for the many ships
that carry it. It is an analogue system providing two-way direct-dial phone, fax, telex, electronic mail
and data communications at 9.6 kbit s although a high speed data (HSD) option is sometimes fitted
giving rates up to 64 kbit s~L. The above-decks parabolic antenna is easily recognized on a ship by the
Jarge radome in which it is enclosed. Certified for use within the GMDSS.

178.0 E
- - ~ - -
e - N~
7z S
Ve N
V4 N
e
/7 AY
/ AN
Vi Pacific N, \
/ et S ‘
Vi D \

\
\
1
|
i
I
1
64.0° E

Figure 11.4 Basic concept of the COSPAS/SARSAT alerting system. (Reproduced courtesy of the

IMO.)

Figure 11.5 Earth total coverage from Inmarsat’s four geostationary satellite configuration./,
(Reproduced courtesy of Inmarsat.) /
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¢ Inmarsat-B. This MES is a smaller and more compact digital version of Inmarsat-A and may
eventually replace the older analogue system. Because of its use of digital technology, an Inmarsat-B
MES is able to communicate more efficiently and at much faster rates than an Inmarsat-A MES. Its
services include, two-way direct-dial high-quality phone, Group 3 facsimile, telex, and 64 kbit s~! and
56 kbit s~ high sped data. Enhanced terminals are also able to offer multiple channel access and other
high speed networks. Certified for use within the GMDSS.

o Inmarsat-C. A smaller and cheaper MES providing two-way data communications at 600 kbits™!. It
does not handle voice but provides two-way communications via telex or computer data services. The
electronics unit can be very small, similar in size to a laptop computer, and uses a small
omnidirectional antenna. Inmarsat-C has been approved for use within the GMDSS and supports
Enhanced Group Calling (EGC), the SafetyNET and FleetNET services. Other services include, two-
way messaging, data reporting and polling, position reporting, safety/emergency alerting and Internet
email. Certified for use within the GMDSS.

o Inmarsat-D and D+. Using equipment as small as a personal hi-fi system, Inmarsat-D offers two-way
data communications within the full coverage of Inmarsat satellites. It is a data-only system that is
able to store and display up to 40 messages of up to 128 characters each and is used for personal
paging and group calling as well as two-way communications. When a unit is integrated with a GPS
receiver, then labelled Inmarsat-D+, it is able to transmit position information for tracking and tracing
services.

¢ Inmarsat-E. In the GMDSS system, the Inmarsat-E system provides global alerting, via Inmarsat
satellites, from Emergency Position Indicating Radio Beacons (EPIRBs). A float-free EPIRB may
also incorporate a GPS receiver that is interfaced with the transmitter to provide location data.

o Inmarsat mini-M. Designed to use the spot beam power of Inmarsat-3 satellites, Inmarsat mini-M
equipment offers two-way digital phone, voice, fax and data services. Inmarsat mini-M equipment is
small and cheap to operate but it is not certified for use within the GMDSS service.
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Inmarsat provides the following services as part of the GMDSS radio net.

Ship-to-shore distress alerting

The Inmarsat system provides instant priority access to shore in emergency situations. A maritime
operator is provided with a distress button which when activated instantly sends a distress alert. The
message is recognized at a LES and a priority channel is allocated. The system is entirely automatic and
once activated will connect a ship’s operator directly with an RCC. Because the MES is interfaced with
the vessel’s satellite navigation equipment, the geographical location of the distress will also be
automatically transmitted.

AOR -W
SV-3 F2

054W
Figure 11.6 Footprint coverage of the earth’s surface from Inmarsat-3 four geostationary satellites. (Reproduced courtesy of Inmarsat.)

Shore-to-ship distress alerting

This may take one of three forms.

® An All Ships Call made to vessels in one ocean region.

® A Geographical Area Call made to vessels in a specific area. Areas are based on the IMO NAVAREA
scheme. A MES will automatically recognize and accept a geographical area call only if it carries a
specific code.

® A Group Call to Selected Ships alerting ships in any global area again providing specific codes have
been input to the MES. Calls are made using the Enhanced Group Calling (EGC) network.
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Enhanced Group Calling

The EGC system has been designed by Inmarsat to provide a fully automated service capable
addressing messages to individual vessels, pre-determined groups of ships, or all ships in spec
geographical areas. EGC calls may be addressed to groups of ships designated by fleet, f)
geographical area. A geographical area may be further defined as a standard weather forecagt areq
NAVAREA, or other pre-determined location. This means that in addition to efficient GMDSS ShOre-{oa
ship alerting, the system is also able to provide automated urgency and safety information, ag well as
fleet calls made by the owner.

ifieq
ag o

11.3 The NAVTEX system

11.3.1 Introduction

NAVTEX is not a position fixing system, it is an information network. The service forms an integry
part of both the Global Maritime Distress and Safety System (GMDSS) and the World Wide
Navigational Warning Service (WWNWS) operated by the International Maritime Organizatioy
(IMO). These broadcast systems are designed to provide the navigator with up-to-date navigationg|
warnings in English and, using the EGC SafetyNET message service, provide a means of shore-go.
ship alerting announcing distress and urgency traffic (Figure 11.7).

NAVTEX services are based on the IMO’s 16 global NAVAREAS chart shown in Figure 11.8, Eacp,
NAVAREA is subdivided and covered by a number of transmission stations, A to Z. This geographicg|
spread of transmitters minimizes the risk of interference between transmitting stations in adjoining
areas.

The transmission schedule for NAVAREA1, Western Europe, is shown in Table 11.1 and the
transmitting station locations and coverage areas in Figure 11.9. Similar station groupings occur in other
parts of the world.

11.3.2 System parameters

Messages are transmitted on a frequency of 518kHz using narrow band direct printing (NBDP)
techniques. Modulation is by FM, F1B designation, using a 7-unit forward error correcting (FEC or
Mode B) at 100-bauds frequency shift keying (FSK) with a carrier shift of 170 Hz. The centre
frequency of the audio spectrum is 1700 Hz and the receiver bandwidth 270-340 kHz (at 6 dB).

Table 11.1 European TDM schedule for NAVTEX transmissions

Code Name Times of transmission

H Harnosand 0000 0400 0800 1200 1600 2000
S Niton 0018 0418 0818 1218 1618 2018
U Tallin 0030 0430 0820 1230 1630 2030
G Cullercoats 0048 0448 0848 1248 1648 2048
F Brest-le-Conquet 0118 0518 0918 1318 1718 2118
o Portpatrick 0130 0530 0930 1330 1730 2130
L Rogaland 0148 0548 0948 1348 1748 2148
T Oostende 0248 0648 1048 1448 1848 2248
R Reykjavik 0318 0718 1118 1518 1918 2318
J Stockholm 0330 0730 1130 1530 1930 2330
P Scheveningen 0348 0748 1148 1548 1948 2348
B Bodo 0018 0418 0900 1218 1618 2100
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Figure 11.7 Structure of the NAVTEX service. (Reproduced courtesy of the IMO.)
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Figure 11.8 NAVAREAS of the World Wide Navigational Warnings Service (WWNWS) showing the basic scheme for allocation of transmitter

identification characteristics. (Reproduced courtesy of the IMO.)
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Figure 11.9 NAVTEX coverage areas within NAVAREA1.

Marine safety information (MSI) is also transmitted by NBDP with FEC on 490kHz, in tropical
areas and there are future plans to use 4209.5 kHz to extend the service.

The NAVTEX primary frequency 518 kHz propagates mainly by surface wave and, if all other
factors remain constant, its range is determined by carrier power at the transmitter. NAVTEX
transmitters are designed to have an effective range of 400 nautical miles. This figure has been based
upon a transmitter carrier power of 1 kW and a receiver input sensitivity better than 1 pV and a 10 dB
signal-to-noise ratio. The accepted range for reception of NAVTEX broadcasts may be greatly
increased when the sky wave is returned from the ionosphere. Naturally the system is not designed for
sky wave reception and messages received via that route may be unreliable. In addition to limiting
range by capping the transmitted power, time division multiplex (TDM) of the carrier frequency is
also used to limit the chance of interference from neighbouring stations. A simple organizational
transmission matrix is used as shown in Figure 11.10.

NAVAREAs are subdivided into four groups each containing six transmitters each with a 10-min
allocated transmission slots every 4h. It should be noted that the matrix is designed for the
broadcasting of routine navigational information and that a large volume of data can be transmitted
n 10 min at a rate of 100 bauds. It is unlikely that all time slots will be allocated within one frame
in any one NAVAREA. Distress and vital warnings are transmitted upon receipt.

11.3.3 Signalling codes

Every NAVTEX message is preceded by a four-character header By, B,, B3, B4 and every NAVTEX
feceiver is able to read the codes and take action accordingly.
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. SCHEOULED TIMES (UTC)

Figure 11.10 Scheme for the allocation of transmission schedules. (Reproduced courtesy of the
IMO.)

@ B, is an alpha character identifying a specific transmitting station that is used by a receiver to
determine messages to be accepted or rejected. In order to prevent erroneous reception by a receiver
that happens to be in a position to receive two transmissions using the same B, code, each code’s
allocation is based on the NAVAREAS shown in Figure 11.8. Transmitters are allocated, according
to an IMO-adopted strategy, an alphabetical listing in sequence through each NAVAREA with no
two transmitters, in ground wave range of each other, bearing the same alphabetical character.

@ B,, another alpha character, identifies the different classes of message available (Table 11.2). The
B, code is used by the receiver to reject unwanted messages.

@ Subject indicators B; and B, indicate the numbering of the messages transmitted commencing with
00 and ending at 99. The use of the number 00 indicates a message that will be printed by all
receivers. This number is reserved for distress alerting.

11.3.4 Message format

A NAVTEX transmission data frame is shown in Figure 11.11. A 10-s synchronizing frame is followed
by the sequence ZCZC indicating the end of the phasing period. The B code characters indicate
coverage area, message type and numbering. Carriage return and line feed are included for NBDP
control. The message follows and is concluded with NNNN. More printer control signals follow
before the entire sequence is repeated.

11.3.5 Signal characteristics

FSK modulation is used to encode message data onto the 518 kHz carrier frequency. The FSK
modulator shifts the carrier frequency either side of 518 kHz by +85 Hz. Thus to encode a logic 0, the
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Table 11.2 NAVTEX subject indicator characters for code B,

Code Meaning

A Navigational warnings*

B Meteorological warnings*

C Ice reports

D Search and rescue information and pirate warnings®

E Meteorological forecasts

F Pilot service messages

G Formerly DECCA messages (This service is no longer in use)
H LORAN-C messages

I Formerly OMEGA messages (This service is no longer in use)
J SATNAV messages — GPS and GLONASS

K Other electronic navaid messages

L Navigational warnings additional to letter A*

v Notices to fishermen (USA only)

W Environmental messages (USA only)

Z No messages to hand

* Messages that cannot be rejected by a receiver.

Note: Subject indicator letters B, F and G are not normally used in United States waters
because the US National Weather Service includes weather warnings as part of a forecast.
NAVTEX meteorological warnings are broadcast under the subject character E.
Indicators V, W, X and Y are allocated by the NAVTEX Panel for special services.

Vamags Carriage return
i i One return
Phai'f‘fos'sg"a's zoze| S0 1BiB.BiB, | " | Message | NNNN +
fine feed 2 line feeds _l
i e e — ~//
I 1 { Carri i | Carri
; | y Carriage y ; | Carriage End of
Phasing signals ! one . omomed return j retum emissions
s IZCZC 1 §haEs B, B, B, B, M | Message | NNNN . & idle signals
| ! f fine feed ! t g line feeds| «xo...o>2 s
ey e e e [ SN SNSRI (T S

Figure 11.11 Data format of NAVTEX transmissions. (Reproduced courtesy of the IMO.)

carrier is retarded to 517.915 kHz and for a logic 1, it is advanced to 518.085 kHz conforming to CCIR
recommendation 540. In the receiver the 517.915 kHz signal is demodulated to an audio frequency of
1615 Hz representing logic 0 and the 518.085 kHz signal is demodulated to a logic 1 of 1785 Hz.

Each alphanumeric character is serially encoded as a 7 data-bit word (7-unit SITOR code) with a
data rate of 100 bauds.

Table 11.3 shows the complete NAVTEX coding standard that conforms to CCIR recommendation
476. There are, however, only 35 possible combinations using this code and consequently each data
string represents two possible characters. For instance, data string 0010111 may represent a T or a 5.
To eliminate this error, each 7-bit data character is preceded by the letter or figure shift codes.

To eliminate errors caused by noise in the transmission path the system employs the same
fransmission protocol as that used by marine radiotelex services, i.e. forward error correction (FEC).
Each symbol is transmitted twice, the first time known as DX (direct) and the second as RX
(tepeat).
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Table 11.3 NAVTEX coding standard the four-character header code that appears in all message preambles or alternatively may be selected
py an operator. An example of a routine message printed by a NAVTEX receiver may be as
Data input Hex Meaning follows.
Lesters Figures 7CZC SBO3 (phasing and identity information)
0001111 OF Carriage return 041402 UTC APR 02 (date and time)
0010111 17 T 5 T o . 1
0100111 27 8 9 NAVARE 56 (Series identity and consecutive number) }
1100011 47 0, J Dover Wight SW winds expected ‘
0011011 13 Line feed
0101011 28 No perforation storm force ten imminent.
1001011 48 H
0110011 33 Phasing signal q NNNN (end of message)
1010011 53 L >
1100011 63 V4 +
e: ‘
0011101 1D Space wher ‘
0101101 2D Letter shift . ‘
1001101 4D N ‘ 7CZC = phasing sequence
0110101 35 E 3 S = the transmitting station (Niton Radio)
1010101 55 R 4 ) _
1100101 65 D $ B = category of message (meteorological warning)
0111001 39 U # = message number
1011001 59 I 8 .
1101001 69 S 041402 = 04 (date) 14 (hour) 02 (minutes)
1110001 7 A UTC = Universal Time Co-ordinated
0011110 1E v =
0101110 2F X / APR = month
1001110 4E M ' . = year (2002)
0110110 36 Figure shift ST
1010110 56 G @ NAVAREA1 = series identity
1100110 62 Phasing signal b i = consecutive number (identifies the source of the report. Not the same as the
?(1)}118118 2 A S 0 NAVTEX serial number B; B,)
1101010 6A Y 6
1110010 72 W 2 Message text
0111100 3C K (
1011100 5C C : NNNN = end.
1101100 6C F Y%
1110100 74 J BEL . ; ; ..
1111000 78 Phasing signal a Full and complete details of the NAVTEX system can be found in the International Maritime

Organization’s NAVTEX Manual available from their office. See the web site www.imo.org

By referring to the coding standard it can be seen that all the 7-bit codes possess four logic Is

: ’ h 1 i : Table 11.4 Definition symbols for classes of modulation
and three logic Os. This enables the demodulator to identify and correct a single bit error in the

received signal. If either the DX or RX words are CO@ptgd, the processor will print the other a8 A3E Double sideband (DSB)

the correct character. If both are corrupted, an ‘*’ is printed to indicate that the character 1§ H3E Single sideband (SSB) full amplitude carrier

unreliable. R3E Single sideband (SSB) reduced carrier amplitude
J3E Single sideband (SSB) fully suppressed carrier
I2E SSB suppressed carrier NBDP and DSC

11.3.6 Messages G2E Phase modulation (PM) DSC channel 70 VHF

. ) ) . . . G3E PM radio telephony VHF
A NAVTEX receiver is designed with the ability to select the messages to be printed. Howeven FIB FM direct printing telegraphy DSC

various messages including distress alerts cannot be excluded. The message printed is determined by
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11.4 Glossary

AORE
AORW
DSC
EGC
EPIRB

FEC
FleetNET

FM

FSK

IMO
INMARSAT
IOR

ITU

MCC

MES

MRCC
MSI

NAVAREA
NAVTEX
NBDP

NCC
Priority-3
RCC
SafetyNET
SAR
SARSAT
SART

SES
SOLAS
TOR
UTC
WARC

Atlantic Ocean Region East satellite.

Atlantic Ocean Region West satellite.

Digital selective calling. A NBDP transmission system used for priority alerting,
Enhanced group call. A group calling system using Inmarsat-C terminals.
Emergency position indicating radio beacon. An automatic beacon released from a gp;
in distress to alert a shore station via the COSPAS/SARSAT network of satelliteg.
Forward error correction. An encoding system providing the ability to detect errorg in
a digital transmission system. Used in maritime text equipment.

Inmarsat EGC-based broadcast system permitting shipowners to transmit to some, or all
of their fleet.

Frequency modulation. A voice modulation system of a carrier wave.

Frequency shift keying modulation used in the NAVTEX service.

The International Maritime Organization.

The International Maritime Satellite Organization.

Indian Ocean Region satellite.

The International Telecommunications Union.

Mission Control Centre.

Inmarsat mobile earth station. The satellite communications equipment fitted on boarg
a ship.

Maritime Rescue Co-ordination Centre.

Maritime safety information. A broadcast service providing information for
navigators.

IMO designated global navigation area.

NBDP broadcast system transmitting navigational information on 518 kHz.

Narrow band direct printing. A narrow band transmission system used for teletype text
messages.

Network Co-ordination Centre.

Inmarsat designation for distress calls via satellite.

Rescue Co-ordination Centre.

Inmarsat EGC system for the transmission of maritime safety notices.

Search and rescue.

Search and rescue satellite-aided tracking.

Search and rescue radar transponder. A radar beacon that indicates its position in
response to surface or airborne radar signals.

Inmarsat ship earth station.

Safety of Life at Sea convention.

Telex over radio.

Co-ordinated universal time.

World Radio Administrative Conference. A sub-group of the ITU producing the
regulations governing the use of radio frequencies.

11.5 Summary

@ The GMDSS is effectively a world radio net in which vessels may communicate a distress situation
either via terrestrial or satellite communications.
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A network of Maritime Rescue Co-ordination Centres (MRCCs), one to each global designated
area, process the distress communication and co-ordinate SAR units.

Two-way satellite communication is via Inmarsat satellites located above the Atlantic, the Indian
and the Pacific Oceans.

Ship-to-shore alerting may be done via the orbiting COSPAS/SARSAT satellites on 406 MHz.
Distress alerting may also be achieved via the COSPAS/SARSAT system from a float-free
EPIRB.

On-board ship carriage requirements depend upon the GMDSS area in which the vessel is trading.
Areas are designated A1-A4.

Digital selective calling (DSC) is used extensively in the GMDSS for distress alerting and
communication. DSC operates on a range of transmission frequencies from MF to VHE.
Enhanced group calling (EGC), FleetNET and SafetyNET are all services operating within the
GMDSS.

NAVTEX is a broadcast service offering navigational and safety information.

11.6 Revision questions

1

[ N

O 00 3 O\

State the four designed areas of the GMDSS radio net and explain the difference between areas A3
and A4.

What are the major differences between the Inmarsat and COSPAS/SARSAT satellite systems?
All vessels must carry two independent methods of distress alerting. Explain the alternative
systems that are available for a vessel trading in area A3.

What information should the initial distress alert message contain?

If a disaster overwhelms a vessel before a manual distress alert can be transmitted, how is an
automatic alert activated?

How may this alert message be acknowledged by a shore-based station?

What is a SART and how does it provide position information to rescue vessels?

How may vessels in a specific ocean region be alerted of a casualty by a shore station?
NAVTEX provides navigational and other information for shipping. Over what range would you
expect to receive NAVTEX signals?

Which of the NAVTEX broadcast signals using subject indicators B; and B, cannot be rejected by
an operator?
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Computer functions

Introduction

The function of a computer is to perform operations on data (usually arithmetic or logical) according
to a set of specified instructions. The specified set of instructions is a computer program and is known
as software. The physical aspects of the computer system, such as the circuitry, monitor, keyboard,
printer, cabling etc., is known as the hardware. Computers can be categorized according to the
functions for which they are designed.

e Supercomputer. Mainly used for research and capable of ‘number crunching’ on a massive scale
with extremely rapid calculations.

e Mainframe. Mainly used in large commercial concerns such as banking and large automated plants
where large amounts of data have to be processed on a daily basis.

@ Minicomputer. Smaller version of the mainframe and suited to smaller scale businesses and
research establishments.

o Microcomputer/Workstation. Less complex than the others, although still powerful, they tend to be
operated by a single user. Workstations tend to be a dedicated version of the microcomputer and
could well operate faster and contain more memory.

This appendix will concentrate on the last of the computer types since it is the one most likely to be
used on board ship.

The heart of a computer is its central processing unit (CPU) which, for a microcomputer, is a
microprocessor. More detail on the microprocessor is included later. It is sufficient for the moment to
say that it is a circuit available as a single integrated circuit (IC) ‘chip’ which, when connected with
other IC chips, can produce the microcomputer. A basic system is discussed below.

Basic system
Essentially, the microcomputer consists of three elements as shown in Figure Al.1.

In addition to the three hardware elements, there are three sets of connections, known as buses, that
interconnect the chips. Details of each bus and its function are as follows.

® Data bus. Provides a path for the data which is to be processed. The data is usually in ‘words’
which can be anything from 4 bits to 32 bits in length. A ‘bit’ is a contraction of ‘binary digit’ and
can have the value of 1 or 0; thus a combination of 1s and Os in a word can represent specific data.
It can be shown that for a 4-bit word there are 2* or 16 possible combinations ranging from 0000
to 1111. Obviously with 8, 16 or 32-bit words the number of combinations will be increased. A




394 Electronic Navigation Systems Y

Address Bus

Memory [Data Bus) Micro- /pata Bus\InPut/Output

processor ports
Figure A1.1 A basic microcomputer system.

Control Bus
group of 8 bits is known as a byte while 4 bits is a nibble. Thus two nibbles make a byte. A group
of 16 bits is said to be made up of 2 bytes, etc.

@ Address bus. The memory device will consist of a number of memory cells which can be uniquely
identified by an address. The memory cells can contain data or program instructions and each cell
could contain several bits.

As shown in the basic system diagram of Figure A1.1 the input/output (I/O) chip is also accessed
via the address bus. This arrangement is known as memory-mapped I/O. An alternative
arrangement allows the microprocessor to be connected to the I/O with a dedicated bus structure
giving what is known as dedicated or port addressed I/O.

The size of the address bus can vary; for an 8-bit system the address bus would be typically 16
bits wide giving 2'6 or about 64 000 (64 kbyte) address locations. For a 16-bit system the address
bus is typically 20 bits wide giving 1 Mbyte (one million) addressable locations. When an address
is accessed by the microprocessor, all other address locations are disabled so that the
microprocessor communicates with only one address location at a time.

@ Control bus. This bus carries the signals required to synchronize the operations of the system. For
example, if the microprocessor needs to read data from (or write data into) a memory location, the
control bus carries the necessary signal. The signal in this case is the Read/Write (R/W) signal,
which is sent from the microprocessor to allow the necessary data movement to be carried out. The
microprocessor would send a logic 1 via the control bus if a read operation were to be performed
from the memory location whose address was currently on the address bus. For a write operation
the signal would be a logic 0, as indicated by the bar over the letter W, i.e., W, indicates an operation
carried out with a signal that is active low.

Some I/O elements can send signals to the microprocessor via the control bus; such signals
include interrupts, where the system is designed to respond to an external event, and Reset, where
the system could be reset to a specified start condition.

The most important signal carried by the control bus is the system clock which, operating at
frequencies up to 1 GHz, provides the necessary synchronization for the system to operate. The
clock is crystal controlled and, although not shown on the system diagram above, is an integral part
of the microprocessor block.
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Microprocessor

As stated earlier this is a device responsible for executing arithmetic and logical operations and for
controlling the timing and sequence of operations. A basic block diagram is shown in Figure A1.2.

The ALU is the arithmetic and logic unit while the control unit undertakes the timing and sequence
functions. Additionally there are registers which can hold data while data manipulation takes place.
Registers also assist in the role of program execution. A register is simply a store which can contain
a set of logic states, i.e. logic 1 and logic 0.

Microprocessor

| control Unit System Control;Bus
A

Registers <

<
System Address and

| ALU Data Buses
\
Clock

Figure A1.2 Block diagram of a microprocessor.

The ALU performs arithmetic manipulations, such as binary addition, subtraction and, possibly,
multiplication and division. Also the logical functions such as AND, OR, NOT and Exclusive-OR can
be implemented. The ALU consists of gates which are organized to receive binary inputs and provide
binary outputs according to the instruction code in force, i.e. for the addition process the gates are
arranged as an adder while for the AND process the gates are arranged as an AND gate etc.

The control unit provides the essential timing of operations within the system including the process
of ‘fetch and execute’ whereby an instruction is fetched from memory and caused to be executed. This
is known as the instruction cycle.

The register group contains the data that the processor needs while performing the task of executing
a program. Information held by the registers includes the program counter (PC) which allows the
processor to keep track of its position within the program. Other registers include the accumulator and
the stack pointer. There are many types of microprocessor available, and the registers and the names
given to them may vary from device to device.

Memory devices

Memory is necessary to store the program instruction codes, the data used in computation and the
results of the computation. The memory devices can consist of one or more ICs which can be
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interconnected to provide the necessary unique location addresses required by the system. Devices faj
into two basic categories: random access memory (RAM), perhaps better described as read/write
memory, and read only memory (ROM).

For RAM there is a matrix assembly of flip-flops each forming a memory cell and, for this type o
memory, it is possible to determine the contents of any cell by a read operation or to change the
contents of a cell by a write operation. The read operation is non-destructive since reading will gy
alter the contents of a cell. However RAM is volatile since removing the power supply from the
memory will destroy the contents; restoring the power supply will allow the cells to once again haye
particular values (logic 1s and logic Os) that will not be the same as before the removal of the
power.

RAM can be static (SRAM) or dynamic (DRAM); in the latter case use is made of stored charge
on a capacitor and since such charge can leak away in time, the cells need to be constantly refresheq
to maintain the state of charge. ROM also has a matrix array of cells but is non-volatile in that the
contents, written by the manufacturer or the customer, will not vary and can be read to give the valye
of its contents.

In the normal way ROM cannot be written into since its purpose is to provide a pre-determineq
fixed value for its contents. However, some ROMs are capable of having their contents altered. By 5
process known as field programming, users may purchase a ROM containing all 1s, or all Os, in each
cell, and by an electrical process cause certain cells to change value to obtain the required contents,
Such a memory is a programmable read only memory (PROM). A PROM once programmed has its
memory fixed for good. An erasable PROM, or EPROM, can have its contents removed, by using
electrical means or UV light, and new contents put in place.

Typically RAM is available in units of 8, 16, 32, 64 and 128 Mbyte and combinations can be used
to produce the desired system memory capacity. Secondary, or auxiliary, memory storage devices are
available in the form of magnetic tape and disks which are non-volatile. Hard disk drives are available
in excess of 30 Gbyte capacity while floppy disk drives exist in 3.5- and 5.25-inch format. Programs
are available on floppy disks and CD-ROMs which can be loaded into computer systems for storage
on the hard disk if desired. CD-ROMs are also available as memory storage devices that can be written
to once (CD-R) or written to, erased and rewritten to (CD-RW).

Memory organization

A complete computer system needs both RAM and ROM. A memory map will show how the memory
locations are divided between the different types of memory. For a system operating with 8 bits of data
and a 16-bit address bus, the memory map would extend from location 0000 to location FFEE. This
representation of the memory location is known as hexadecimal and provides a simple way of
identifying a location without the need to specify all 16 digits of the actual address. T here are 16 total
variations represented by 4 bits (i.e. 24 = 16), but only 0 (0000) to 9 (1001) can be represented by
decimal numbers and the remaining six combinations (1010) to (1111) are represented by alphabetic
figures A to F, respectively. Thus 16 bits can be represented by four hexadecimal alphanumeric
figures. Thus the first memory location is 0000 0000 0000 0000, represented in hexadecimal form by
0000, while the last is 1111 1111 1111 1111, represented by FFFE. A typical memory map for an 8-bit
system is shown in Figure A1.3.

The operating system sits at the top of memory. This system ensures that the facilities of the
machine are co-ordinated and also contains information regarding the start address for routines which
are executed at reset or external interrupt.

R
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FFFF
Operating System ROM
Software Language ROM
Video Display RAM TR
User RAM
Operating System RAM
0000

Figure A1.3 Memory map for a system with a 16-bit address bus.

The visual display unit (VDU) screen supported by the system can have any screen location
identified by a particular memory address in RAM. The size of the video RAM depends on the system
used and its graphics resolution requirements. The operating system also requires some RAM which
should not be used by the system user.

Larger systems with 16 data bits and 20 address lines would have 1 Mbyte of addressable memory
with a typical memory map as shown in Figure Al.4.

64k System ROM Bk

192k ROM Expansion

128k RAM Video
Display

AQ0000

384k RAM
Memory Expansion

40000

256k System RAM

Figure A1.4 Memory map for a system with a 20-bit address bus.
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Input/output (1/0)

The system will need an interface with the ‘outside world’. The I/O interface allows the connectigy
of input data via, say, a keyboard and sensors which can transpose information such as movement,
pressure, temperature etc., into electrical signals. For output data there could be, say, a monitor to
display instructions/data and outputs that can feed external devices, such as relays, solenoids, LEDg
etc.

As mentioned earlier it is possible to ‘memory map’ the 1/O interface so that data read from the
interface comes directly from the external device while data transferred to the interface is data feq
directly to the external device. The T/O interfaces are usually referred to as 1/O ports. Mogt
microcomputer systems have ICs which perform the function of I/O ports and some are programmabe
which means that the operating mode may be changed to suit the particular system requirements,

If the microcomputer is used to monitor and control an external quantity (such as pressure,
temperature, displacement etc.) The signals produced by the transducer are likely to be analogue ip
form. Such a signal would need translating into a digital signal using an analogue-to-digital converter
(ADC) before the input can be fed to the input port of the microcomputer. Once the computer hag
evaluated the received data, it is likely to send a control signal back to the transducer to maintain or
amend the quantity being measured. The control signal is digital in form and must be translated intg
analogue form using a digital-to-analogue converter (DAC) before being applied to the transducer, A
possible arrangement is shown in Figure AL.5.

ioi Input /\_/
Analogue Digital
signal signal port
TRANSDUCER 2> ADC > r
A Control
software
RAM
Qutput
port
DAC o”— <
Analogue control Digital
signal signal
Microcomputer

Figure A1.5 Control of an external transducer parameter by a microcomputer.

The ports may be serial, for moving data a bit at a time, or parallel, where data is moved in a block,
with the rate of transfer determined by the system clock.

Local Area Networks (LANS)

It is often required to interconnect microcomputers/workstations to form a network which, if distances
involved are small, is known as a Local Area Network or LAN. A LAN is typically used to share data
and peripherals and to allow communication between stations. It is possible, for instance, to US€
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several outlets to display data, for example ECDIS chart information, to areas other than just a single
station.

Interrupts

A microcomputer system may be operated in such a way that the processor is able to respond to a
servicing request from an external device as required. Such requests are usually asynchronous in that
they are transmitted in an arbitrary manner without being synchronized by an external clock. Two
techniques are polling and interrupt.

e Polling is a technique whereby the external devices are interrogated in turn on a priority basis to
determine which device made the servicing request. The servicing request will cause the processor
to stop its normal program and move to a polling subroutine. After the servicing is carried out the
return from subroutine will restore the processor to the task it was engaged in prior to the servicing
request being made.

e Interrupt is a technique that causes an interrupt signal to be sent to the processor itself. Such a signal
causes the processor to suspend its current operations and transfer to a servicing routine for the
device requesting the interrupt. The routine is similar to a subroutine except that it is initiated by
hardware instead of software.

Software

The computer will operate according to a program that contains a set of sequential instructions. The
categories of programming are:

1 machine code
2 assembly language
3 high-level language.

1 and 2 above provide what is known as ‘low-level’ programming while 3 provides ‘high-level’
programming. Machine code is in the form of a set of logic 1s and Os on which the processor operates.
Assembly language uses mnemonics which represent the required machine code, with the required
transition from assembly language into machine code being performed by an assembler. A computer
operator controlling the processor via a keyboard will use a high-level language to produce what is
known as source code which is translated into machine code by instructions stored in ROM.

A similar translation process is necessary for changing the machine code results of programming
back to a form which can be understood by the operator. The translation process with a high-level
language is undertaken by a compiler or interpreter. The difference in level between assembly and
high-level languages is that:

@ in assembly language, each symbolic code instruction is related to one machine code instruction
® in high-level language, the compiler can deal with complex symbolic instructions each of which
would convert to several machine code instructions.

The language BASIC (beginner’s all-purpose symbolic instruction code) is an interpreted high-level
language. The source code consists of line-numbered instructions and during program execution each
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line is converted into machine code prior to execution. No complete machine code translation of the A2
complete source code is produced and program execution is slow but has the advantage that it is easily

hanged. T
) aI\ir‘fleguages such as ADA, C, FORTRAN and PASCAL are compiled with the source code firgg Glossa ry Of mlcroprocessor and

i i i he language rules. The compiler then translates the soy = =
produced using an editor according to t g : . rce d
programme into machine code form which is termed the object code. The main advantage of compijeg Ig Ital te rm S
high-level languages is that of transportability of the codes between microcomputers that use the sam;
family of microprocessors.

This appendix is not intended to be a complete listing of terms relating to microprocessor and digital
systems. The aim is to give a brief outline description of those terms found in the various chapters so
that each section can be understood without the need to refer to specialist texts. Should the reader wish
to go further than this then obviously textbooks dealing with these topics can be used.

Using the glossary

Many terms are referred to by an abbreviated form, or acronym, and where applicable the definition
appears under this heading. The heading under the full version of the term will direct the reader to the
acronym version. ‘

Certain terms are included more than once, although under different headings, with cross-references
to link the headings. Cross-references are only used when it is felt necessary, for easier understanding,
to expand a particular definition.

ADC Analogue-to-digital converter. A device that samples an analogue signal and
converts the observed analogue level to digital form. The digital form is made up
from several binary digits, or bits.

Active A signal may be described as active high or active low to indicate which of the
two logical levels (logic 1 or logic 0) causes the digital circuit to be enabled.

Address A coded instruction that specifies the location in memory of stored data.

Algorithm A set of rules laid out in a logical sequence to define a method of solving a
particular problem.

Alphanumeric A system where the required information is in a combination of alphabetic
characters and numbers.

Analogue A system where the signal can be considered to vary continuously with time. A

digital system on the other hand may be considered to consist of a finite number
of discrete levels. The number of levels may only be two as in the case of a binary

system.

Analogue-to- See ADC

digital converter

AND gate For a description of a gate see under that heading. An AND gate is an electronic
circuit of two or more inputs which will only generate an output at logic 1 if all
the inputs are at logic 1. All other combinations of input signals will give a logic
0 output. The performance of an AND gate may be defined in terms of a truth
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ASCII

Basic

BCD

Binary
Bit

Buffer

Bus

table which lists the output level for all possible input combinations. The trugh
table for a two input AND gate is:

»—n»——tOO}
—_ O = O W
ol = == |

where A and B are the inputs and F is the output.

American Standard Code for Information Interchange. This is a common code
which gives a 7-bit word to define letters, numbers and control characters.
Beginner’s all-purpose symbolic instruction code. This is a high-level language
that enables the computer user to program the system using an easily understooq
set of instructions. Within the computer memory there is a ‘translator’ whicp
converts the BASIC language into the binary signals, or machine code, which the
machine understands.

Binary Coded Decimal. A system of representing the numbers 0 to 9 inclusive by
a binary equivalent. The relationship is as shown:

Decimal number Binary coded value

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

O oo ~JoWn bk WiN—O

A system of numbers using a base 2, whereas the decimal system uses base 10.
The binary system only requires two symbols, i.e. 1 and 0.

Contraction of binary digit. A single bit may be a logic 1 or logic 0 and is usually
represented by the presence or absence, respectively, of a voltage level.

An electronic circuit connected between other circuit elements to prevent
interactions between those elements. The buffer may also provide extra drive
capability. A buffer may be used also as a temporary storage device to hold data
that may be required at a later time while the computer is engaged on other
tasks.

A collection of conductors used to transmit binary information in parallel around
the system. For microprocessor applications there would be an Address bus used
by the central processing unit (CPU) to identify storage locations and a Data bus
used for the transmission of data around the system.

. |

Byte

Character

Character
generator

Chip select
Clock
Code

Coincidence
gate

Command
Computer

Computer
language

Converter

Counter

CPU

Data
D-type
flip-flops

Decoder

Dedicated

Demultiplexer

Glossary of microprocessor and digital terms 403

A collection of 8 bits. In a microprocessor system using 8-bit data buses and a
16-bit address bus, then the data can be contained in one byte while the address
needs two bytes to define it.

The letters A—Z, numbers 0-9 and other special symbols used by a computer or
microprocessor system and coded for use by the system.

The electronic circuitry required in order to prepare a character for display
purposes. Such generators possess memory where the binary-coded characters
can be stored.

An input to an integrated circuit which, when active, allows the integrated circuit
to be operative. If the input is not active then the integrated circuit is inactive.
This control signal is sometimes called a ‘chip enable’ input.

A periodic timing signal used to control a system.

A set of rules allocated to groups of bits. The combination of the bits in a group
gives a unique meaning based on following the rules.

An electronic circuit used to indicate, by means of a certain output level, when
two inputs are identical. When the inputs are binary in form then all bits of one
input should be coincident with the corresponding bits of the other input before
the required output level is generated. An Exclusive-NOR gate could be used for
this purpose.

A signal, or group of signals, used to begin or end an operation.

In the case of a digital computer the basic system consists of a central processing
unit (CPU), memory, input and output units and a control unit. The computer is
able to perform such tasks as: manipulate data, perform arithmetic and logical
operations on data and store data.

A set of conventions, rules and representations used to communicate with the
computer system. The language may be low-level, such as assembler (uses
mnemonics), or high-level, using user-orientated language like BASIC.

See under the headings of analogue-to-digital converter (ADC) or digital-to-
analogue converter (DAC).

A circuit used to count the number of pulses received. The counter may be
arranged to start from zero and count from there in increments of one (up-counter)
or to start from the counter maximum capacity and decrement from that value one
pulse at a time (down-counter).

Central processing unit. Part of a computer system which contains the main
storage (registers), arithmetic and logic unit (ALU) and control circuitry.
Sometimes referred to simply as the processor.

Information or signals, usually in binary form.

An electronic circuit which on receipt of a clock pulse will give an output logic
level the same as that present at the input terminal prior to the arrival of the clock
pulse. It is widely used as a data latching buffer element.

An electronic circuit which has several parallel inputs and the ability to recognize
one or more of the possible input combinations and output a signal when these
combinations are received. All signal levels are binary.

A dedicated system is one designed to perform a specific operation, i.e. a
dedicated microprocessor system is programmed to perform only one specific
task.

A device used to direct a time-shared input signal to several outputs in order to
separate the channels.
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Digital
DAC
Disable
Display
Driver
Enable

Encoder
EPROM
Exclusive-OR
gate

Filament display

Flag

Flip-flop

Gate

Hard copy

Input/output
ports
Integrated
circuit (IC)
Interface
Interrupt

Interrupt
masking

Information in discrete or quantized form, i.e. not continuous as in the case of ap
analogue signal.

Digital-to-analogue converter. An electronic device for converting discrete signg)
levels into continuous form.

A control signal that prevents a circuit or device from receiving or sending
information.

A means of presenting information required by a user in visual form. Includeg the
use of CRT (cathode ray tube), LED (light emitting diode), liquid crysta, gas
discharge and filament devices.

An electronic circuit that provides the input for another circuit or device.

A control signal that allows a circuit or device to receive or transmjg
information.

This is the inverse process of decoding. An encoder has several inputs but only
one is in the logic 1 state. A binary code output is generated depending on whicy,
of the inputs has the logic 1 level.

Erasable and programmable read-only memory. A memory circuit with storeq
data which can be read at random. The data are capable of being erased and the
chip reprogrammed with new data.

A circuit with two inputs and an output which can be at logic level 1 when eithey
of the two inputs is at logic 1 and logic 0 if neither or both the inputs are at logic
level 1.

A 7-segment filament wired element whereby an alphanumeric character may be
displayed when certain of the filaments are caused to be lit.

A flip-flop that can be set or reset to inform of an event that has occurred or 3
condition that exists within a system.

An electronic circuit having two stable states that can be used to store one bit. The
circuit uses two gates, the output from each being cross-coupled as an input to the
other. The output from one gate is usually referred to as the Q output while the
output from the other gate, being the complement of the first output, is called
Q.

This is a circuit with two or more inputs and an output which allows a logic level
1 to exist at the output, or not, as the case may be, when certain defined criteria
are met.

Printed or graphical output produced on paper by a computer system thus
allowing a record to be kept.

These circuits allow external circuits to be connected to the computer internal bus
system.

A small ‘chip’ of silicon processed to form several elements directly
interconnected to perform a given unique function.

A common boundary between systems to allow them to interact.

A computer input that temporarily suspends the main program and transfers
control to a separate interrupt routine. Interrupt inputs to the microprocessor
systems discussed in the main text are usually referred to by acronyms such as
IRQ (interrupt request) and INT.

A technique that allows the computer to specify if an interrupt will be accepted.
IRQ and INT are maskable interrupt inputs whereas NMI (non-maskable
interrupt) is not.

k.

Keypad (or
Keyboard)
Language
Latch
Logic

Logic level

Magnetic tape
Mask bit
Memory

Microprocessor
Monostable

MPU

Multiplexing

NOT gate
Octal latch

OR gate

Port
Printer

Program
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A unit which forms part of an input device. This may have a full QWERTY type
key layout or be a simplified arrangement to suit the needs of the system.

See computer language.

A temporary storage element, usually a flip-flop.

Electronic circuits which control the flow of information through the system
according to certain rules. These circuits are known as gates since the ‘gates’ are
opened and closed by the sequence of events at the inputs.

Using binary notation the levels may be logic 1 or logic 0. According to the rules
mentioned in the definition of logic, level 1 is taken to mean a logical statement
is ‘true’ while level 0 means the logical statement is ‘false’.

A flexible, standard width, magnetic powder coated tape which can be used to
store, and retrieve, binary-based data.

With reference to an interrupt request, an internal flip-flop in the MPU can be set
to disable an interrupt (interrupt masked) or reset to allow the interrupt to be
accepted.

In a digital system, it is that part of the system where information is stored.
See MPU.

An electronic circuit which has only one stable state. The circuit is normally in the
stable state and is triggered into the unstable state where it remains for a period
of time determined by a CR time constant value of external components. After
this period of time the circuit returns to the stable state.

An IC that can be programmed with stored instructions to perform a wide variety
of functions, consisting of at least a controller, some registers and an ALU
(arithmetic and logic unit). Thus the MPU contains the basic parts of a simple
CPU.

A method of selecting one of several inputs and placing its value on a time-
shared output.

An inverter. A circuit whose output is high if the input is low and vice versa.
An integrated circuit package that offers eight separate flip-flop (or latch)
circuits.

For a description of a gate see under that heading. An OR gate is an electronic
circuit of two or more inputs which will generate an output at logic 1 if any one
or all of the inputs are at logic 1. Only when all inputs are at logic 0 will the output
be at logic 0. The performance of an OR gate may be defined in terms of a truth
table which lists the output level for all possible input combinations. The truth
table for a two-input OR gate is:

A B F
0 0 0
0 1 1
1 0 1
1 1 1

where A and B are the inputs and F is the output.

Terminals (input and output) which allows access to or from a system.

The output peripheral of a computer system which allows a hard copy to be
obtained.

A sequence of instructions logically ordered to perform a particular task.
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PROM

Pulses
Quad gate
RAM
Readout

Read/Write

Register
Reset
ROM

Self-test

Sensor

Seven-segment
display

Shift register
Signal
Software
Storage
Subroutine
Tape

Test

VDU

Programmable Read Only Memory. This is the type of memory used ¢ hol
microprocessing instructions. It is a form of ROM that can be programmeq BY the
supplier and not the user.

Those signals used to energize a circuit digitally. There is a transition in signgy| leve]
between discrete values and each level is maintained for a period of time,

An integrated circuit package which offers four separate gate circuits of a Particy]y,
type.

Random Access Memory. A memory that can be read from and written into,

A presentation of input information from a computer. It can be displayeq on g
screen, stored on tape or disk or be a hard copy when it is usually referred to as g
printout.

Can refer to the type of memory element (RAM is sometimes referred to as read/
write memory) or to the signal input line to a RAM chip, the logic level on which
determines whether the memory is read or overwritten.

A group of memory cells used to store groups of binary data in a microprocessor.
This could be an input to a flip-flop to bring the Q output to a logic 0 state or thyy
facility which allows a microprocessor to be returned to a pre-determined state,
Where the point of return is situated in memory depends on the system.

A memory element containing information which cannot be altered undep
computer operation. The data can only be read by the computer.

In some equipment this is a facility by which when power is first applied the system
is checked by running through a special software routine. If a faulty area is found
some indication is made to the user.

A device, possibly a transducer, which converts physical data into electrical signal
form. If digital in form the electrical signal can be processed by the computer
directly while if analogue in form, it requires analogue-to-digital conversion
(ADC) before being applied to the computer.

That form of display element comprising seven segments where each segment can
be individually energized. The element is thus able to display a variety of
alphanumeric characters depending on which segments are energized.

A register in which the stored data can be shifted, a bit at a time, to the left or
right.

An electrical variation, either continuously variable or variable between discrete
levels, which can be interpreted as information.

A program which can be loaded into a computer system and resides in RAM. Such
programs can be loaded and changed at will.

A term used to describe any device capable of storing data. Memory elements are
storage devices.

Part of a master program which can be entered frequently from the master program.
Used to save programming space where a part of a program is repetitive.

The media, either paper or magnetic, used to store binary coded data for a computer
system.

The routine for establishing that a device or system is responding as it was designed
to do.

Visual display unit. An input/output peripheral, which has a keyboard for data input
and a monitor screen for viewing both the input data and any outputted data. The
system usually includes buffer storage facilities so that data may be loaded off-line.
Often used to communicate directly with the computer in real time.

Y

A3
Serial data communication

with a wide variety of electronic devices available to perform specific functions there is a need to
interconnect the devices so that efficient error-free communication can occur. This appendix will look
at the RS-232, RS-422, and RS-485 standards as well as the NMEA 0183 interfacing protocol since
they are the ones that are most often used in the marine environment.

Serial communication

Data in digital form has voltage levels that define a logic 1 and logic 0 level; a binary digit, often
abbreviated to the term ‘bit’, will be either 1 or 0. A byte of data is made up of 8 bits while two bytes
would comprise 16 bits, etc. If we assume that data comprises a single byte then the data may be sent
through a parallel port of a device where all 8 bits would be transmitted simultaneously. The data is
transmitted quickly but the required cable is bulky because eight separate wires are required, one for
each bit. If a serial port is used then each bit of the data is sent in turn over a single wire. The time
taken to transmit the data is eight times longer than the time taken using a parallel port but fewer wires
are needed. In fact full duplex (simultaneous transmission in both directions) is possible with just three
wires, one for sending, one for reception and a common signal ground. RS-232 is a good example of
a full duplex arrangement.

Half duplex devices can transmit data in both directions but not at the same time, i.e. one device
transmits while a second device receives; at some other time the direction of transmission can be
reversed. RS-485 is an example of a half duplex arrangement while RS-422 can operate in either full
duplex or half duplex as required. Simplex transmission (i.e. in one direction only), where one device
always transmits and the connected device always receives, would require just two wires.

Serial data can be transmitted in two ways.

@ Synchronous. In this arrangement the interconnected devices initially synchronize with each other
and continually send characters to keep synchronization even when data is not being
transmitted.

® Asynchronous. In this arrangement the sending and receiving devices are not synchronized and
each byte of data sent must be identified by a start bit inserted before the data and a stop bit at the
end of the data. The extra bits involved means that this type of transmission is slower than the
synchronous form although it does not need to transmit idle characters to maintain
synchronization.

When transmitting a data byte it is possible to insert an extra bit, known as a parity bit, alongside the data.
The logic value of the parity bit can be changed so that the number of data bits sent can be identified as an
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even or odd number. As an example if even parity is used and the data byte is, say, 00101100 thep the
parity bit sent would be 1; if the data byte is, say, 01100110 then the parity bit sent would be (), The
converse would be true if odd parity were chosen. The use of a parity bit allows a degree of error-chegy
on received data. Suppose a data byte 00001100 is received together with a parity bit 1, it follows that
using even parity, one of the data bits received is incorrect although it is not specific as to which Onej
Also if two data bits are incorrect the parity bit would not show any error at all.

Data transmission rates are quoted in bauds, a unit named after the Frenchman Jean Baudot whg i
credited with devising an original 5-bit code for alphabetical characters in the latter part of the 19¢,
century. The baud rate defines the number of times per second that a line changes state. The baud rage
may be the same as the bit rate (i.e., number of bits™ transmitted) but there may be circumstanCeS
where bit rate and baud rate are not the same.

RS-232 Serial Interface

The original Recommended Standard-232C was approved in 1969 by the Electronic Industrieg
Association (EIA) for interconnecting serial devices. In 1987 the EIA produced a new version of the
standard which became the EIA-232D. By 1991 the EIA had joined forces with the Tele-
communications Industry Association (TIA) and the standard became known as the EIA/TIA-232E,
However, the increasing length of the title was too much for most users and the standard is sti]
commonly known as the RS-232C or as simply the RS-232.

The RS-232 standard specifies the physical interface, together with associated electrical signalling,
between serial transmitting/receiving Data Communication Equipment (DCE) and Data Terminal
Equipment (DTE). A computer, for example, is a DTE device, as are printers and terminal equipment,
while other, remote, devices such as a modem are DCE devices. A typical arrangement is shown in
Figure A3.1.

The type of signal is known as single-ended unbalanced because each signal line has a voltage level
that is set with respect to signal ground. RS-232 drivers (transmitters) are specified with an output
voltage more negative than —5 V for a logic 1 level and more positive than +5V for a logic 0 level.
The defined maximum output voltage of a driver stage on open-circuit is + 25 V. The RS-232 receivers
will interpret a voltage level more negative than —3 V as logic 1 while a voltage level more positive
than +3 V is a logic 0. This permits a noise immunity of 2'V for the transmission. If a parallel port is
used then a Universal Asynchronous Receiver Transmitter (UART) must be placed between the
transmitter (and/or receiver) and the RS-232 interface.

The maximum transmission rate for the standard is defined as 20 kbaud with a cable length not
exceeding 15 m; the cable length can be increased for lower baud rates and if shielded cable is used.

RS-232

1
Driver :interface:

|
|

Receiver

& sl w——

1

Figure A3.1 Driver and receiver circuit connected via an RS-232 interface.
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Figure A3.2 Typical arrangement for the transmission of an ASCII character using the RS-232
standard.

Voltage levels could be in the range +5 to £15V for the loaded driver stage. If a voltage level of 10
V is assumed and with the data transmitted as an 8-bit group consisting of 7 data bits and a parity bit,
the arrangement would be as shown in Figure A3.2. The 8-bit group is framed by a start bit at logic
0 and a stop bit at logic 1. If the group represents an ASCII character then the use of 7 bits can only
allow ASCII values up to 127.

The RS-232 standard supports two types of connectors, a 25-pin D-type connector (DB-25) and a
9-pin D-type connector (DB-9). The pin assignments for a DB-25 connector is shown in Table A3.1

Table A3.1 DB-25 pin assignment

Pin Signal Source Key
1 - - Frame ground
2 TD DTE Transmitted data
3 RD DCE Received data
4 RTS DTE Request to send
5 CTS DCE Clear to send
6 DSR DCE Data set ready
7 SG - Signal ground
8 DCD DCE Data carrier signal
9 - - Positive voltage
10 - - Negative voltage
11 - - Unassigned
12 SDCD DCE Secondary DCD
13 SCTS DCE Secondary CTS
14 STD DTE Secondary TD
15 TC DCE Transmit clock
16 SRD DCE Secondary RD
17 RC DCE Receive clock
18 - - Unassigned
19 SRTS DTE Secondary RTS
20 DTR DTE Data terminal ready
21 SQ DCE Signal quality detector
22 RI DCE Ring indicator
23 DRS DTE/DCE Data rate selector
24 SCTE DTE Clock transmit external
25 - - Busy
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Table A3.2 DB-9 pin assignment

Pin Signal Key

1 DCD Data carrier detect
2 RD Received data

3 TD Transmitted data

4 DTR Data terminal ready
5 SG Signal ground

6 DSR Data set ready

7 RTS Request to send

8 CTS Clear to send

9 RI Ring indicator

Typically in many applications only nine of the DB-25 pins are important and the DB-9 connectqy
reflects this as shown in Table A3.2.

Considering the DB-25 connector, signals are carried as single voltages referred to a common eartp
point SG (pin 7). The TD (pin 2) connection allows data to be transmitted from a DTE device to 4
DCE device; the line is kept in a mark state by the DTE device when it is idle. The RD (pin 3)
connection is the one where data is received by a DTE device; the line is kept in a mark state by the
DCE device when idle.

Pins 4 and 5 are the RTS and CTS connections, respectively, and provide handshaking signals. The
DTE device puts the RTS line in a mark state when ready to receive data from the DCE; if unable to
receive data the DTE puts the line in a space state. For CTS the DCE device puts the line in a mark
state to inform the DTE device it is ready to receive data; a space on the line indicates the DCE ig
unable to receive data.

The DSR/DTR connections (pins 6/20, respectively) are used to provide an indication that the
devices are connected and turned on. DCD (pin 8) is used to indicate that the carrier for the transmit
data is on. The DCD and RI (pin 22) are only used in connections to a modem. The state of the RI
line is toggled by the modem when an incoming call rings the user’s telephone.

If the RS-232 link is used to connect devices operating with transistor—transistor logic (TTL) levels
then interface integrated circuits (ICs) must be used to convert the TTL logic levels to the RS-232
standard and vice versa.

RS-422

The use of RS-232 is universal and popular but it does have its limitations. The use of a single line
to carry the signal does make it susceptible to noise. Screening the cable can mitigate external noise
but will do nothing to stop internal noise. An improved standard introduced by the EIA is the RS-422,
which uses a balanced line interface. A pair of lines (Line A and Line B) are used to carry each signal
and data is encoded/decoded as a differential voltage between the two lines. See Figure A3.3.

Voltage levels at the driver stage output are typically between 2 and 6V across the A and B
terminals while at the input to the receiver stage the voltage levels are in the range 0.2—6V. The lower
threshold voltage is to allow for signal attenuation on the line.

Logically, a ‘1’ (‘Mark’ or ‘off’ state) is a voltage on line A which is negative with respect to line
B, while a ‘0’ (‘Space’ or ‘on’ state) is a voltage on line A which is positive with respect to line B.
Using RS-422, up to 10 receivers may be connected to one driver stage.
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RS-422 :
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Figure A3.3 Driver and receiver circuit connected via an RS-422 interface.

Because the voltage is differential, the interface is less likely to be affected by differences in ground
voltage between transmitter and receiver. Also if the lines are twisted together the effect of external
noise will be the same in each line and hence eliminated. This is known as common-mode rejection.
Common-mode signals are defined as the average value of the sum of the voltages on the A and B
lines. RS-422 can withstand a common mode voltage of +7 V.

The use of RS-422 allows higher data rates to be transmitted over longer dlstances A maximum
length of 1300 m is recommended at 100 kbaud, while for distances up to 13 m it can deliver signals
at 10 Mbaud.

RS-485

This is also a balanced arrangement similar in detail to RS-422. The RS-485 standard allows up to 32
devices to communicate at half duplex on a single pair of wires, with devices up to 1300 m apart at
120 kbaud, in what is known as a multidrop network. Figure A3.4 shows the arrangement.

| I
| RS-485 |
| interface |
Driver ! !

> T 1 i
o]

ENABLE
ENABLE

Receiver Driver

;v___/

Other nodes

Figure A3.4 Typical arrangement for an RS-485 two-wire multidrop network.




412  Electronic Navigation Systems ‘

It can be seen from Figure A3.4 that each device has an ‘enable’ input. Since only one driver Stage
can be connected to the line at any time, an ‘on’ signal on the enable input will connect that driver
to the line while all other drivers have an ‘off” signal on their enable line. This puts their outputg 0
the line in a high impedance state, effectively disconnecting them from the line. At the same time the
associated receivers will have an on signal on their enable line allowing them to be connected tq the
line and receive a transmission from the connected drive stage. This change in signalling on the enable
line can be achieved using hardware or software techniques. The range of common mode voltage
levels that the system can tolerate is increased to +12 V to —7 V. Since the driver can be disconnected
from the line it must be able to withstand this common mode voltage level while in the high
impedance state.

An alternative wiring arrangement allows full duplex operation by having one ‘master’ port wit
the driver connected to each of the ‘slave’ receivers using one twisted pair. In turn each slave driyey
is connected to the master receiver using a second twisted pair.

All the above descriptions are of the hardware requirements for particular RS connections. There
is also a software requirement that has not been discussed because such a requirement depends on the
particular application.

NMEA interfacing protocols

The National Marine Electronics Association (NMEA) has established standards to be employed by
the manufacturers of marine electronic equipment to ensure compatibility when different equipment
is fitted together on a ship. The NMEA Standard 0180 was published in late 1980, NMEA 0182 ip
early 1982, followed by NMEA 0183 which has had several revisions, the latest of which is version
2.30, issued in March 1998. There are differences in transmission parameters between the various
NMEA standards which means that NMEA 0183 is not directly compatible with its predecessors,

NMEA 0180 and 0182 standards are concerned with connections between Loran-C receiver and an
autopilot using a simple or complex data format. The former consists of a single data byte transmitted
at intervals of between 0.8 and 5 s at 1200 baud using a parity bit and bit 7 always set to zero. The
complex data format uses a block of data of 37 bytes of ASCII characters transmitted at intervals of
2-8s with bit 7 always set to one.

NMEA 0183

This NMEA standard specifies the signal parameters, data communication protocol and timing
together with sentence formats for serial data bus transmission rates of 4800 baud. The serial data
communication between equipments is unidirectional with one ‘talker’ and possibly many ‘listeners’.
The data uses ASCII format and typically a message might contain between 11 and 79 characters in
length and require transmission at a rate no greater than once every second.

The arrangement for interconnecting the ‘talker’ to the many ‘listeners’ requires just two wires
(classified as signal lines ‘A’ and ‘B’) and a shield. The ‘A’ line of the talker should be connected in
parallel to the ‘A’ lines of every listener, and similarly each listener ‘B’ line is connected in parallel
to the talker ‘B’ line. The listener shield connections should be made to the talker chassis but not to

each other.

The talker signal is required to be similar in form to that shown in Figure A3.2 but there are eight
data bits and no parity bit. The talker device must have its drive capability defined in order to establish
the possible number of listener devices it can drive. Each listener device should contain an opto-
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jsolator and protective circuit which limits current, reverse bias and power dissipation at the point of
optical coupling.

The standard defines the logic 1 state in the range —15 V to +0.5 V while the logic O state is in the
range +4—15 'V, while sourcing is not more than 15 mA. The receiver circuit should have a minimum
differential input voltage of 2.0 V and should not draw more than 2.0 mA from the line under those
conditions. The voltage conditions on the data bus should be in accordance with the RS-422
specification.

As described for Figure A3.2, the data bits use the 7-bit ASCII format and for this standard the
data bits d0—d6 will contain the ASCII code, while data bit d7 is always set to 0. The ASCII
character set consists of all printable ASCII characters in the range 20h—7Eh except for those
characters reserved for specific formatting purposes. The individual characters define units of
measure, indicate the type of data field, type of sentence etc. A sentence always starts with the
character ‘$” followed by an address field, a number of data fields, a checksum, and finishes with
carriage return/line feed.

A field consists of a string of valid characters located between two appropriate delimiter characters.
An address field is the first field in a sentence and follows the $ delimiter. The types of address field
include the following.

e Approved address field. This consists of five digits and upper-case letter characters. The first two
characters are the talker identifier. The following three characters are used to define the format and
type of data.

@ Query address field. This consists of five characters and is used to request transmission of a specific
sentence on a separate bus from an identified talker. The first two characters represent the talker
identifier of the device requesting data , the next two characters represent the talker identifier of the
device being addressed, while the final character is the query character Q.

@ Propriety address field. This consists of the character ‘P’ followed by a three-character
manufacturer’s mnemonic code, used to identify the talker issuing a propriety sentence.

Other fields include the following.

@ Data fields. These are contained within the field delimiters °,’. Data field may be alpha, numeric,
alphanumeric, variable or fixed length or constant, with a value determined by a specific sentence
definition.

@ Null fields. This is a field where no characters are transmitted and is used where the value is
unavailable or unreliable.

@ Checksum field. This will always be sent and is the last field in a sentence and follows the
checksum delimiter character “*’. The checksum is the 8-bit Exclusive-OR (XOR) of all characters
in the sentence including the ‘$’ and ‘*’ delimiters. The hexadecimal value of the most significant
and least significant 4 bits of the result is converted to two ASCII characters (0-9, A—F(upper
case)) for transmission with the most significant character transmitted first.

Sentences may have a maximum number of 82 characters which consists of the maximum 79
characters between the starting delimiter ‘$” and the terminating <CR><LF>. The minimum number
of fields in a sentence is one. The first field shall be the address field, which identifies the talker and
the sentence formatter, which specifies the number of data fields in the sentence, the type of data
within them and the order in which they are sent. The maximum number of fields in a sentence is
limited only by the maximum length of 82 characters. Null fields may be present in a sentence and
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should always be used if data for that field is unavailable. A talker sentence contains the fOllOwing
elements in the order shown:

$aaccc,df1,df2,df3*hh<CR><LF>

where

$ is the start of the sentence,

aa are alphanumeric characters which identify the talker,

cCe are alphanumeric characters identifying the sentence formatter which gives the data type

and string format of following fields

is the field delimiter which is present at the start of all fields except the address ang

checksum fields. The field delimiter will still be present even if a null field jg

transmitted,

df1/2/3  represent the data fields which contain all data to be transmitted. The data field sequence
is fixed and is identified by the ‘ccc’ characters in the address field. Data fields may be of
variable length,

* is the checksum delimiter which follows the last data field. The two characters following
represent the hex value of the checksum,
hh is the checksum field,

<CR><LF:is the end of the sentence.
An example of a talker sentence is given for a rudder order output message:

$AGROR,uxx.x*hh<CR><LF>

where:

AG is a general autopilot,

ROR is autopilot rudder order,

u is sign, negative for left order, omitted for right or zero order,

XX.X is automatic rudder order up to 45.0°, empty if unavailable. The field here is for a
variable number and the use of a decimal point gives a value to one decimal place,

hh is ASCII hex 8-bit XOR of characters after $ through to the letter before ‘*’,

<CR><LF> is the end of sentence marker.
Hence, if sentence reads:
$AGROR,-10.2*hh
it indicates an automatic rudder order of 10.2° left.
A ‘query’ sentence is used when a listener device requests information from a talker. As an example

a query message could be transmitted to a GPS receiver to request ‘distance to waypoint’ data to be
sent. The general form of a query sentence is:

$aaaaQ,ccc*hh<CR><LF>

where the first two characters after the ‘$° start symbol represent the talker identifier of the request.
The next two characters represent the talker identifier of the device from which data is requested. ‘Q’
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identifies that the message is a query and ‘ccc’ contains the approved sentence formatter for data being
requested. An example could be:

$CCGPQ,GGA*hh

where the computer (CC) is requesting the GPS receiver (GP) to send data using the mnemonic GGA
which represents global positioning system fix data. Such data would then be transmitted at 1s
intervals.

A ‘proprietary’ sentence may be used by a manufacturer to transfer data which, although using the
sentence structure of the standard, does not come within the scope of approved sentences. The general
form of the proprietary sentence is:

$Paaa,df1,df2*hh<CR><LF>

where ‘P’ indicates a proprietary message and ‘aaa’ is the manufacturers code, i.e. FUR for Furuno,
SMI for Sperry Marine Inc. etc. ‘df1,df2’ represents manufacturer’s data fields that must still conform
to the valid character set of the standard.

Details of characters used for data content, talker identifier mnemonics, approved sentence
formatters for data fields, field types and manufacturer’s mnemonic code identifiers are too numerous
to list here. Some of the detail can be found in those chapters relating to equipment where the NMEA
standard is used. Also manufacturer’s manuals should contain references where applicable.

NMEA 2000

The NMEA has established a working group to develop a new standard for data communication
between shipborne electronic equipment. The working group will liaise with the International
Standards Organization (ISO), the International Electrotechnical Commission (IEC) and the
International Maritime Organization (IMO) to develop a new standard, NMEA 2000, to meet the
needs of ships in the 21st century.

NMEA 2000 is expected to be a bi-directional, multi-transmitter, multi-receiver serial data network
with the ability to share commands, status and other data with compatible equipment over a single
channel link. The capacity of the new system is expected to be much greater than the current NMEA
0183 standard and testing has already begun with a few manufacturers participating in trials. It is
anticipated that NMEA 2000 should be available by the middle of 2001.
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A4 Other services

The United States Coast Guard
Navigation Center (NAVCEN)

Other files of interest to navigators on the NAVCEN site are:

@ RNAV radio frequency spectrum issues
@ local Notices to Mariners

@ maritime telecommunications

@ Federal Radio navigation plan.

Contact
NAVCEN provides quality navigation services that promote safe transportation, support the commerce The easiest way to contact NAVCEN is via the web. The primary site is http://www.navcen.uscg.mil.
of the United States and directly benefit worldwide international trade. As a centre of excellence, If you do not have access to the net, NAVCEN’s mailing address is: The Commanding Officer, USCG
NAVCEN is proud to be at the forefront of US transportation and navigation initiatives, leading the NAVCEN, 7323 Telegraph Road, Alexandria VA22315.

nation and the international maritime communities into the 21st century. Below is a full list of services and contact numbers.

Radionavigation and information services Table A.4.1
NAVCEN controls and manages Coast Guard radionavigation systems from two sites: Alexandria, Service Availability Info type Contact no.
Virginia, and Petaluma, California. NAVCEN provides worldwide users with reliable navigation
signals, timely operational status, general navigation and other information. NIS watchstander 24 hours a day User inquires Phone (703) 313-5900 Fax
(703) 313-5920
Internet 24 hours a day Status Fore/Hist/ http://www.navcen.uscg.mil
GPS Outrages/NGS Data/ ftp://ftppp. navcen.uscg.mil
Omega/FRP and
NAVCEN gives access to a massive amount of information on GPS. The NAVCEN website lists the Misc.info
following GPS data files. Internet Mirror Site 24 hours a day Status GPS/DGPS http://www.nis-mirror.com
Outrages/
@ Press releases NIS Voice Tape 24 hours a day Status forecasts historic (703) 313-5907-GPS
@ Status messages Recording
@ Active Nanus WWV Minutes 14 & 15 Status forecasts 2.5, 5, 10,15, and 20 MHz
® YUMA Almanacs WWVH Minutes 43 & 44 Status forecasts 2.5, 5, 10, and 15 MHz
@ SEM Almanacs . .
USCG MIB When broadcast Status forecasts VHF Radio marine band
NIMA Broadcast When broadcast received Status forecasts
DGPS Warnings
NIMA Weekly Published & mailed Status forecast outrages (301) 227-3126
NAVCEN operates the DGPS service, consisting of two control centres and more than 50 remote Notice to Mariners  weekly
broadcast sites. The DGPS service broadcasts correction signals on marine radiobeacon frequencies to NAVTEX Data All Stations Broadcast 6 Status forecast outrages 518kHz
Broadcast times daily at alternating

improve the accuracy and integrity of the GPS (see Chapter 5).

LORAN-C

Atlantic and Pacific LORAN-C user notifications and system health information is listed on the
NAVCEN site (see Chapter 4].

times
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Acoustic correlation speed log, 57
Adaptive autopilot, 330
Adcock antenna, 352
ALPHA transducer array, 69
Antenna, 14
azimuth gain plots (AGP), 347
directivity, 18
efficiency, 19
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half wave, 16
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polar diagrams, 17
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radiation patterns, 17
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Apogee, 145
ARCS, 204, 225
Autocorrelation of random waveforms, 169
Automatic Identification System (AIS), 194, 243
Automatic Navigation and Track-keeping System
(ANTS), 197, 209
Automatic steering, 320
adaptive autopilot, 330, 333
basic autopilot system, 324
confined water mode, 333
course changing controller, 333
deadband, 327
derivative control, 322
integral control, 324
NFU & FU, 327
open sea course keeping, 332
operator controls, 326
overshoot, 327
permanent helm, 326
phantom rudder, 329
principles, 320
proportional control, 322

Ballistic error, 284
Beamwidth, 33

Bearing displays, 364
BITE, 79, 296, 341

Blink, 99

Bottom heavy control, 272

Carriage requirements, 369
C/A-code, 149
CCIR, 5
CCIT, 5
Chart accuracy, 239
Chartpoints, 250
Clarinet Pilgrim, 112
Class notations, 195
Compass, 264
errors, 281
Compass repeaters, 307
stepper systems, 307
synchro systems, 309
Confined waters mode, 333
Controlled gyro, 271
COSPAS/SARSAT, 375

Course changing controller, 333

Cycle matching, 101

Damping error, 284
Deadband, 327
Depth sounding systems, 22
Depth sounder, 35
beamwidth, 33
chart recorder, 37
CW system, 32
PRF, 33
pulse duration/length, 33
pulsed system, 32
Derivative control, 322

Det Norske Veritas (DNV), 190
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Diffraction, 9
DGPS, 162
Dilution of Precision (DOP), 157, 176, 178
Dipole antenna, 16
Direction finding, 346
Distress alerting, 371, 379
D-ionospheric Layer, 10
Doppler:
principle, 60
speed measurement, 63
Doppler speed log, 63, 72
Drift, 270
Digital Selective Calling (DSC), 371
Dual fuel systems, 238

Echo sounder, 35

EHF band, 6

E-ionospheric Layer, 10
Electromagnetic speed log, 52

Electronic Chart Display and Information System

(ECDIS), 234
Electronic charts, 224

signal parameters, 183
space segment, 183
user equipment, 184

GMDSS, 369

areas, 371

carriage requirements, 369
COSPAS/SARSAT, 375

distress alerting, 371, 379

Digital Selective Calling (DSC), 371
Enhanced Group Calling (EGC), 380
INMARSAT, 375

system, 369

GPS, 147

accuracy, 156

antenna systems, 165

auto correlation of random waveforms, 169
C/A-code, 149

control segment, 148

Differential GPS, 162

Dilution of Position (DOP), 157

frequency stability, 153

L1 and L2 carrier frequency, 150
navigation data message, 150, 151

settling time, 280

speed correction, 304

starting, 306

repeaters, 307
Gyroscopic principles, 264

inertia, 264

precession, 265

HDOP, 159, 176
HF band, 6

Inclination, 147
Integral control, 324
Integrated bridge systems, 189
bridge equipment tests, 201
bridge working environment, 196
class notations, 195
design criteria, 190
examples of integrated bridge systems, 201
nautical safety, 194
ship manoeuvring information, 198
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Loop antenna, 348
Loran, 88
Additional Secondary Factor (ASF), 104
blink, 99
charts, 102

Clarinet Pilgrim, 112
correction tables, 104
coverage, 112

cycle matching, 101
emission constraints, 97
envelope matching, 102
frequency, 93

lines of position (LOP), 89
Loran-A, 88

Loran-C, 93

Loran-C receiver, 115
notch filters, 115, 121
phase coding, 99

position fixing, 107

pulse groups, 96

pulses, 88

root mean square (rms) error, 112
skywave reception, 101

Automatic Identification System (AIS), 243 P-code, 149 standards, 193

chart accuracy, 239 position fix, 154 qualifications and operational procedures, 198

chart systems, 234 pseudo-random noise code (PRN), 149, 168 International Association of Classification Societies Magnetic repeating compass, 310
chart types, 227 pseudo range measurement, 156 (IACS), 190 construction, 310

“Navmaster” Electronic Navigation System, 249 satellite pass predictions, 157 International Association of Lighthouse Authorities fluxgate, 310

updating electronic charts, 242
Electrostrictive transducer, 27
Enhanced Group Calling (EGC), 380
Envelope matching, 102
Errors:

gyrocompass, 281

Loran-C, 103, 107

Fading, 13

Federal Communication Commission (FCC), 6

F1 and F2-ionospheric layers, 10
Fluxgate, 310
Follow-up modes, 327
Free gyroscope, 267
Frequency:
bands, 6
navigation, 1
spectrum, 1

GLONASS, 183
ground segment, 183
position fix, 183

signal parameters, 149
space segment, 147
SPS and PPS data, 154
system errors, 158

SV constellation, 148

GPS receivers:

design, 166
displays, 174, 177
specifications, 166
system, 168

Ground radio wave, 8
Gyrocompass:

controlled gyroscope, 271
damping error, 284

drift and tilt, 270

errors, 281

equipment, 287, 292, 299

free gyroscope, 267

follow-up systems, 281, 289, 296
gravity control, 271

latitude correction, 304
maintenance/trouble shooting, 297
north-seeking gyro, 271
north-settling gyro, 273

(IALA), 162, 246

International Electrotechnical Commission (IEC),

189

International Frequency Registration Board (IFRB), 5
International Hydrographic organisation (IHO), 224

International Maritime Satellite Organisation
(INMARSAT), 375

International Standards Organisation (ISO), 189
International Telecommunications Union (ITU), 5,

162, 190
Ionized layers, 10
Ionosphere, 10

Janus transducer assembly, 64

Kepler’s Laws, 144

L1 carrier frequency, 150
L2 carrier frequency, 150
Latitude control error, 284
LF band, 6

Magnetometer compass, 315
Magnetostrictive transducer, 29
Manoeuvring error, 284

Master compass, 264

MF band, 6

Mobile Earth Station (MES), 375

National Oceanic and Atmospheric Administration
(NOAA), 224
NAVAREA, 383
Navigation data message, 150, 151
Navmaster Electronic Navigation System, 249
NAVSTAR (GPS), 147
NAVTEX, 380
messages, 386
message format, 384
signal characteristics, 384
signalling codes, 383
Navy Navigation Satellite System (NNSS), 143
NMEA, 412
NINAS, 9000 IBS System, 207
Non-follow-up mode (NFU), 327
North-seeking gyro, 271
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North-settling gyro, 273
Notch filters, 115, 121

Office of Coast Survey (OCS), 224
Open sea course keeping, 332
Orbital:

apogee, 145

inclination, 147

perigee, 145

period, 146

velocity, 145
Overshoot, 327

Passage plan, 252

Perigee, 145

Permanent helm control, 326

P-code, 149

PDOP, 159, 176

Phantom rudder, 329

Phase coding, 99

Piezo electric transducer, 29

PITOT tube, 46

Polar diagram, 17

PPS, 154

Precession, 265

Pressure speed log, 46

Proportional control, 322

Project Galileo, 185

Pseudo range measurement, 156

Pseudo random noise code (PRN), 149, 168
Pulse duration/length, 33

Pulse repetition frequency (PRF), 33, 89
Pulse transmission, 32, 98

Radio frequency, 4
bands, 6
spectrum, 5

Radio wave:
diffraction, 9
E-field, 3
frequency, 4
H-field, 3
propagation, 1, 8
radiation, 2
refraction, 11
velocity, 4
wavelength, 4

Raster data, 225

RDF, 346
Adcock antenna, 352
bearing presentation, 364
computerized system, 361
dipole antenna, 352
errors, 355
loop antenna, 348
sense determination, 352
servo equipment, 359
VHF channel scanning, 365
Receiver:
GPS, 166
Loran-C, 115
Reciprocity, 15
Repeater systems, 307
Reverberation noise, 26
Rolling error, 282
Rudder limit, 327
Rules for Nautical Safety, 194

Satellite:
clock error (frequency stability), 153
navigation, 144
pass predictions, 157
theory, 144
Selective availability (SA), 154
SHF band, 6
Signal fading, 13
Signal-to-noise ratio, 112
Sky wave, 10, 88
Sound in seawater, 22
attenuation, 23
frequency, 23
noise, 24
velocity, 24
Space wave, 12
Speed error correction (gyro compass), 304
Speed measurement, 46
acoustic correlation log, 57
CW system, 70
Doppler log, 63, 72
electromagnetic log, 52
pressure tube log, 46
pulsed system, 71
SPS, 154
Standing wave ratio (SWR), 17
Starting a gyrocompass, 306
Stepper systems, 307
Surface radio wave, 8
Synchro systems, 309

Transducer, 27
ALPHA, 69
electrostrictive, 27
Janus, 64
magnetostrictive, 29
piezo electric, 29

Tilt stabilization, 270

Top heavy control, 271

UHF band, 6

UK Hydrographic Office (UKHO), 224
User Equivalent Range Error (UERE), 160
USCQG, 88, 228, 416

VDOP, 159, 176
Vector data, 226
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VHF
band, 6
range, 12
Virtual ship principle, 332
VLF band, 6
VMS-VT IBS system, 212
Voltage standing wave ratio (VSWR), 17
Voyager IBS system, 201

Wavelength, 4

WDGPS, 165

World Administrative Radio Conference (WARC), 5

World Wide Navigation Warning Service
(WWNWS), 382




