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Escape Time: The Crucial Factor 
in C o l l i s i o n  A v o i d a n c e  
Situations and Systems 
Captain F. J. Wylie, O.B.E., R.N. (ret.) 

 
1. HISTORICAL.  Last year this Journal contained two articles by the writer 
in which he suggested the potential of fully automated radar plotting 
systems (FARP) in aiding collision avoidance. This was done by 
considering a number of past collisions and showing how different the 
behavior of the ships involved might have been had they been using FA 
RPs. This was an operational study and not a statistical analysis. He 
followed the line taken in previous articles starting as far back as 1965 and 
continuing in 1970 with some details of earlier automatic plotters and in 
197 2 with a comparison of manual and automatic plotting capabilities.4 
In  1974- and 1 97 5 there was a comparison of the different philosophies 
embodied in the later FARPs leading up to the studies of past collisions 
in 1977.1 

In these twelve years much has been said and written by way of study 
and criticism of the FARP, 6 not all of it well informed and disinterested 
and leading to conclusions based on the evidence adduced. Apart from 
this writer's efforts and from the fact that there are already several 
hundred satisfied users of FARP, much more has been said in its favor 
than against it. Typically the first comparative study by Liverpool Poly- 
technic of the principal plotting systems, 7 a practical examination by a 
group of 68 officers of widely different experience and nationality 
involving only very brief tuition and using simulated displays without 
the ergonomic advantages of the actual equipment, showed a very definite 
consensus in favor of the full vector FA RP. A study by quite a different 
source carried out on the Computer-aided Operations Research Facility 
of the U.S. Maritime Administration reached a similar conclusions It is of 
interest that the first could be said to be a professional conclusion and the 
second a more academic one. 

Through these years there has been quite a volume of articles and letters 
for and against FA RPs, though it is fair to say that most of the latter gave (to 
this writer) the impression that their authors were leaving no stone un- 
turned which might lead to delaying the inevitable. The Netherlands 
Maritime Institute in a Report i n 1979 said that in his articles on past 
collisions the writer was misleading shipowners; it is sincerely hoped 
that this article will show that the boot is on the other leg. The grounds 
for this hope concern a featu re of FA RP on which no previous article, 
study or analysis has laid the  proper emphas is , namely t h e  speed of  
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delivery of which those systems are capable and the speed necessary if the 
data computing system is to be effective. That manual plotting is too slow 
has been stated by several disparate sources.to 

2. THE TIME FACTOR. If the collisions referred to in the articles quoted  
are considered with this point in mind, it will be seen that in each encounter 
there was a terminal period in which the action taken by one or both 
ships was convulsive and irrational. It may be supposed that this is in the 
character of every collision except those,  w h i c h  occur (and they 
have) without human intervention. In the evidence available in the 
reports of Court cases it is not always obvious when this period began 
but in those used in the articles, and they were not chosen deliberately 
for any reason of this sort, the time which passed between the moment 
of realization that a high risk of collision existed and the collision was 
between five and fifteen minutes, with the average below ten. 

Escape Time and Planning Time. If, for purposes of study, this time interval 
Is called Escape Time, it may be divided into the time required for accurate 
observation, plotting (computation) and appraisal,  which may be called 
Planning Time, and that available to maneuver clear. As the maneuver 
required will not be known, in theory at any rate, until the planning is 
complete, it will be obvious that the Planning Time must be as short as 
possible. If, as seems reasonable for this study, the Escape Time is taken 
to be eight minutes, remembering that it may be much less, it may be 
agreed that the Planning Time should be thought of in seconds rather than 
minutes. Cases will come to mind in which it has been said, after the 
event, that if neither ship had altered, there would have been no collision. 
However, the planning would need to be completed before such a course 
could be conceived.  Before leaving this point it should be said that it is 
possible for the Escape Time to be too short to hope for anything but 
good fortune, but the object must still be to seek means to avoid such 
circumstances arising and to confine inevitability of disaster to a very small 
minority of meetings.  (See Appendix.) 

The operational requirement. At this point it seems necessary to define 
fairly closely the requirements of the master in terms of time or speed of 
delivery of computed information. In the first place it is generally 
agreed that the form of the report should be the closest distance to which 
the ships will approach each other on their present courses and speeds 
(CPA) and the time interval before this will occur (TCPA); this 
establishes the degree of risk. Further, the true course and speed of the 
other ship(s) will assist the choice of the action to be taken, if any. 
In the interest of reducing the Planning Time to an absolute minimum, the 
information, firstly, should reach the master at the earliest possible 
moment after the need for it is established; secondly, on arrival it should be 
as up-to- date as possible; and, thirdly, it should be renewed at the shortest 
possible intervals. Obviously, this can only be achieved if the 
observation is extremely rapid, the computation equally so and the 
supply of raw data is continuous. The meaning of 'continuous' in this 
context is that success 
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sive observations of range, bearing and time reach the computing system 
(human or electronic) at regular, short intervals (seconds). 

The time scale. To permit assessment of the efficacy of the various 
systems definite values need to be given to the tolerable and realistic 
limits of this time scale. In the writer's view the figure 15 seconds 
could just be acceptable i.e., the computed information should reach 
the master not more than 1 5 seconds after the urgent need for it is 
realized, the information should be not more than 15 seconds out-of-
date when it arrives and the renewal intervals should be not longer than 
15 seconds. It may be wondered why such a short renewal period is 
thought to be necessary. Ideally it should be zero, or say one scan 
(3sec). However, in the present context five scans (15sec) appears to be 
realistic. With an Escape Time of less than ten minutes, the paramount 
need before and after maneuvering action (even if the choice is to take 
no action) is initiated will be to watch closely and continuously 
(monitor) the behavior of the other ship. In- formation more than these 
few seconds late is likely to be too late. 

Early warning. One further aspect to be considered when comparing 
collision avoidance systems is the possibility of securing earlier recognition 
of high risk of collision and so increasing the Escape Time. The continuing 
incidence of collisions suggests that greater alertness of bridge staff in this 
respect is unlikely to be achieved by training alone; some form of 
proximity alarm seems to be necessary. 

Selection of targets. Before dealing in detail with the various systems it is 
necessary to enlarge somewhat on a few features on which comparison will 
be based. The first of these is echo selection. With the manual plot and 
with any system, which does not have automatic acquisition, the 
selection of echoes for plotting is the responsibility of the observer. With 
his extremely limited capacity in terms of the number of targets which 
he can observe and plot, the correct choice is vital and, in crowded 
waters, may be difficult and he will have the continual anxiety of 
verifying that it remains correct.  With FARP the selection is 
automatic. 

Form of display, importance of numerical i n f o r m a t i o n .  Another feature 
concerns the form of the display. It may be either graphical or both 
graphical and numerical. With manual plot the graphics are hand drawn 
and the numerical information, if any, is by manuscript of the observer. 
With FARP both are automatic as will be seen. The importance of the 
numerical information is a matter about which the student of plotting 
should be clear. With the manual plot the normal practice has been to 
present the information in the form of a graphical plot and to express the 
CPA and target course and speed numerically as well. Some of the 
modern radar equipments have special features which are held by their 
protagonists to obviate the need to plot; to obtain numerical values with 
these or any form of graphical computation, however, it is necessary to 
plot manually with the consequent delays in delivery.  In the writer’s view 
to monitor effectively, as already described, a numerical display with a 
very short renewal rate is an essential. 
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One further point in this connection. Many masters and officers will 

have experienced making a relatively calm, long-range disengagement 
from a threatening target using whatever means for planning were at their 
disposal. Extremely few will have had to escape at close range from an 
apparent madman who seems bent on having a collision. In the writer's 
personal experience, it is not easy to interpret immediately and with 
certainty, in circumstances of high tension, the irrational gyrations of 
another ship from its relative movement on a PPL By contrast, the 
numerical assessment is finite, providing a fixed point, however short 
lived, in a 'relatively moving world. It is something to hold on to, 
something on which to base comparisons and conclusions. 

Continuity The only other feature which needs to be considered at this 
stage is continuity. It has already been suggested that the information 
renewal interval should not be more than 15 seconds, which implies that 
discontinuities in the supply of raw (uncomputed) data should be 
considerably less. Any change in the presentation on the PPI which 
involves changing the echo positions on the screen causes a hiatus, until 
the trails of echoes have built up from the new positions or the echo 
has moved significantly. Depending upon the equipment concerned, 
this occurs on change of mode, range scale, track length, resetting 
true motion, re- setting Image Retaining Panel. The same applies when 
there is a change of course and/ or speed by own ship or a target, which is 
being plotted manually; the plot has to stop and be recommenced. It also 
occurs on a change of course and/ or speed when relative markers have 
to be re-positioned. 

So, in all non-automatic systems there will be discontinuities, which may 
last, as long as three minutes and will seldom be less than 1 ½ minutes. 
Their happening may be predictable and may be postponed for a short time 
but never for long; this however will not apply in all cases, as for example 
after a change of own ship's course, when the hiatus will be particularly 
significant. 

The disability just described applies not only to the plotting process; 
any system which depends for all or part of its end-product upon visual 
discrimination on the PPI is bound to suffer from it. 

3. PLOTTING SYSTEMS. Enough has now been said about plotting to 
make it possible to assess the capabilities of the various systems. It is not 
disputed that the use of FARP confers an enormous reduction in operator 
workload; it has been pointed out here that it also greatly reduces anxiety-
load, which may be thought equally important from the viewpoint of 
coherent planning and action in emergency conditions. By excluding a 
field of possible human errors the FARP makes for greater accuracy. 

Sufficiently detailed comparison can be made if the available systems are 
placed in three categories:  manual plotting s y s t e m s ; electronically 
aided manual systems; fully automatic systems. 

The broad principles of radar plotting are described in  Chapter 9 of 
The Use of Radar at Sea and they still provide a valid basis for comparing all 
the systems. The following analysis may be thought labored, but, for a 
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valid comparison, it is necessary to show how the Planning Time is 
absorbed. 

4. MANUAL PLOTTING SYSTEMS. Selecting targets. Whatever form of plot 
is used the selection has to be made by the operator and, in a multi-target 
situation, kept up to date by him. Selection may involve some abbreviated 
form of plotting but, in any case, it will take a minute or two. 

Measuring range and bearing. Except when using a reflection plotter, this 
has to be done by the operator. It is generally accepted that three 
successsive observations are necessary, separated by 2-3 minutes, noting 
the time of each. With a reflection plotter the successive positions of the 
echo are marked on the screen. Although this saves some time the 
intervals between the positions have to be of similar length in order to 
obtain reasonable accuracy in drawing the track lines. 

Computing the data. The basis of the plot is the track line (true or 
relative) which is drawn through the observed positions and the velocity 
triangle is then completed on the same surface, which may be a sheet of 
paper, a chart, a special plotter such as RAS or BIAL or a reflection plotter. 
This should not take more than a minute or two for each target which it is 
thought necessary to plot. 

Displaying the result. The operator's drawing is the graphical display, 
which may be supplemented by measured numerical values of CPA and 
course and speed of target. This again should not take more than a minute 
or two per target. 

Discontinuities. The inevitable intervals, of 2-3 minutes between 
observations of range and bearing are in themselves significant hiatuses 
in the flow of data. The most obvious side effect of these is that in the 
event of a change of course or speed by own ship or the target, the plot 
has to be abandoned and re-started when the ship(s) is steady on the new 
course or speed. Other breaks in the flow of data occur when true 
motion display resets and when mode or range-scale is changed. A 
particular break may 
be unexpected and inevitable and its length is likely to be between 1t 
and 3 minutes; more, of course, if a new start has to be made in the plot.  
Up-to-dateness/ renewal rate. The renewal rate  (Computed data rate) will 
be 4 or 7 minutes according to whether two or three points in line 
are considered acceptable. (See Appendix). 
Trial maneuver.  The work involved is described on pages 1 4 6 -149 of 
The Use of Radar at  Sea.  It is hardly the kind of task to be undertaken 
manually when the escape time is short. 

4. ELECTRONICALLY AIDED MANUAL SYSTEMS. The RAYTHEON TM/ AC is an 
electronically aided manual plot,  w h i c h  merits individual description. 
It contains a mini-computer, which operates eight markers 
individually. The markers appear as bright spots on the screen,  which  
can be placed each on a different echo. Each marker has two 
components, one of which continues to mark the point at which the plot 
originated while the other moves from the origin in sympathy with own 
ship's movement. The two components of the marker and the current 
position of the echo provide 



	   7	  

NO.   3 ESCA P E  TI M E 443 

the three corners of the velocity triangle. An electronic digital clock 
indicates the plot time for each echo separately when selected by the 
operator. To facilitate measurement, the electronic bearing cursor has a 
movable point of origin as well as a range strobe, which moves in step with 
the variable range marker. Thus a bearing (or course) and distance be- 
tween any two points on the PPI can be measured in one operation. A 
reflection plotter is provided. 

Although computation is facilitated in this way, the plot is basically 
manual and will suffer most of the delays and discontinuities of a plot on a 
reflection   plotter. 

Two British radars need to be considered under the heading 
'Electronically Aided Manual Systems' because the impression given (to 
this writer) in related literature is that their specialist designs obviate the 
need to plot and so they may be assumed to be directly adequate aids to 
avoiding collisions. Any apparent criticism of these equipments in this 
paper is confined exclusively to the need to plot and to the time factor 
involved in that process. 

DECCA 66Ac. This equipment provides five 'relative motion' markers on 
the PPI, which can be placed individually on echoes whose movements need 
to be watched. Each marker is a bright line, one inch long and having 
a brighter spot at one end,  which  is placed on the echo. The line 
points directly towards own ship, so an echo, which moves straight down 
the line is on a collision course. If it diverges from it, it shows that the 
other ship will pass either ahead or astern of own ship's centre. This 
radar does not give any other direct information about that target 
without operator involvement. The marker remains in the same relative 
position with regard to own ship until it is re-positioned. The mode of 
the display is intended to be true motion. Relative motion is also 
available. 

Using the same function subdivisions as for Manual Plot: 
Selecting targets. The choice of targets to be 'marked' will be made by 

the operator after some preliminary examination. Probably the tendency 
will be to give attention mostly to the marked targets so it will be 
necessary to verify the choice at frequent intervals in crowded waters. 
The time taken will be the same as in Manual. 

Measuring range and bearing . This is not done in the ordinary course. If 
it is required for some purpose, the delays between observations will be 
the same as for manual with reflection plotter. If target courses or track 
directions are required, they will be measured with the parallel line 
cursor. 

Computing the data. Generally the operator may do a rough mental 
computation from the movement of the echo with respect to the line 
marker, which was placed on it. A line from the marker origin to the 
current position of the echo is the relative track and its extension will 
lead to the CPA; this line can be ascertained with the parallel line index 
though it will be indeterminate if the origin and the echo are not well 
separated. The true course of the target can be ascertained approximately 
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from the echo trail and its speed by comparing the length of its echo trail 
with that of own ship. The makers advocate the use of their flat-faced 
reflection plotter to obtain a better true plot. It will have the same time 
scale as any reflection plot. 

Displaying the result. Unless plotting manually there is no result to dis- 
play graphically except the juxtaposition of the marked echo and its 
marker, which is indefinite. There is no numerical display unless the 
operator extracts it from a plot. 

Discontinuities.  If a reflection plotter is used it will naturally have the 
same breaks as the conventional manual plot. If relying on visual 
appreciation only, there will be discontinuities when the true motion 
resets and when scale or mode are changed; anything, in fact, which shifts 
the position of the echo on the PPI other than its normal movement. 
Time has to be allowed for the echo to rebuild its trail or to move 
significantly; if ships are in fog and using 'safe' speeds this time will 
not be short. Further, if own ship alters course or speed all the 
markers in use will have to be re-positioned on their echoes; if a 
marked target alters, its marker will have to be reset. In each case there 
has to be a hiatus while the echo moves away from the newly 
positioned origin. This will take 
between 1 and 1/2 and 3 minutes. 

Up-to-dateness/ renewal rate. If a manual plot is made, the delays already 
mentioned will apply. If depending upon visual appraisal the delay will 
depend upon experience. The best is unlikely to be less than half t h e  
manual figures, the worst much more.    , 

Trial maneuver. There is no such facility and it would hardly be worth 
plotting it as described under Manual Plot if time were short. 

KELVIN HUGHES SITUATION D I S P L A Y .  The purpose of this unusual 
radar is to provide enhanced true or relative echo trails. The radar 
picture is produced on a non-persistent 3-in cathode ray tube and is 
projected on to a sensitive screen called an Image Retaining Panel. A 
television camera scans the IRP and the picture thus obtained is shown 
on the bridge display, which is non-persistent. When true trails are 
required, the IRP is moved at a rate proportional to own ship's speed. 
For either true or relative trails, the IRP is rotated with alterations of 
own ship's course. For obvious mechanical reasons the forward travel of 
the IRP is limited and when it has reached nearly half the maximum 
possible it is automatically returned to the start. The operator is given 
warning of imminent resetting and is able to override the automatic reset 
for one further period. The reset period is three minutes when the range 
scale is three miles or less and six minutes when it is six miles or more. 

The position of own ship is fixed at the center of the scale on the PPI, 
the true or relative mode being shown by the directions of the echo trails. 
Simple plotting on the tube face is possible, though crude and inaccurate 
due to parallax. 

Selecting targets. The operator will have to decide which are the most 
threatening targets.  To do this he may wish to change the mode from 
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true to relative; when he does so the IRP resets and begins afresh to build 
up the trails required, so there will be a delay of 2-3 minutes depending 
upon speeds. A similar delay will occur when changing back to true mode. 

Measuring range and bearing. This is not done unless they are required for 
a manual plot or for some individual purpose. Electronic bearing cursor 
and range rings are provided. 

Computing the data. As already stated, the operator can draw a crude plot 
on the tube face as on a reflection plotter with similar time delays. He can, 
of course, do a transferred manual plot with all its time delays. 

Displaying the result. There is no graphical display of computed 
information and no numerical display but, if he plots, the operator can 
measure from the plot the CPA and target course and speed. 

Discontinuities. These are numerous since, if the IRP is allowed to reset 
every three minutes, a discontinuity lasting about two minutes while the 
trails build up sufficiently will occur each time. The IRP resets with 
similar effect when there is a change of mode or range scale. 

Up-to-dateness/ renewal rate. If a plot is made the rate will be as for 
manual plotting.  If depending upon visual appraisal the rate will be in- 
determinate but not much better than for manual plot. 

Trial maneuver.  No such facility is provided.  To work out a new 
course or speed manually would take too long if the Escape Time is short. 
In Rowsell's paper Situation Display is referred to as a 'stored history' 
system, which method is extolled by Butt in his concluding remarks. 6 
While the  term i s  certainly applicable to the  Marconi P r e d i c t o r   
(see below) it is, in the writer's view, misleading to attach it to a system 
which stores for such short periods, during the whole of which the trail 
lengths 
are building up. 

. AUTOMATIC SYSTEMS. There are a number of Fully Automatic Radar 
Plotters, of which the better known are Digiplot (Iotron) CAS (Sperry), 
MABS (IBM) and Databridge (Norcontrol). The Marconi Predictor is an 
automatic plotter but not in the fully computerized sense that the term is 
used for others  (see below). It will be described in this section. For 
reasons,  w h i c h  will appear, the Sperry CAS is also treated 
separately. To avoid going into great detail with each of the other three 
Fully Automatic Systems, Digiplot will be treated as descriptive of 
all. They do, of course, differ in many ways, technical and ergonomic, 
but the principal claims to speed and versatility are common to all. 

PREDICTOR.  This equipment is described in Chapter 7 of The Use of 
Radar at Sea. It displays a continually up-dated 3-position track following 
the current position of the echo; it does this for all echoes on the screen 
simultaneously. The track length is either! ! ·, 3 or 6 minutes at the 
operator's choice and so the intervals between the four positions are.  , 1 and 
2  minutes  respectively.  The presentation i s  permanently c e n t e r e d  and 
will show either true or relative tracks. Under the previously used 
function headings: 

Selectin9 tar9ets. All targets on the PPI are tracked. The radar signal is 
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recorded on a magnetic tape from which the past positions of echoes are 
transferred to the PPI at the intervals corresponding with the plot interval 
chosen. 

Measuring range and bearing. The operator does not do this unless the 
data is specifically needed. 

Computing the data. True or relative tracks at choice are computed 
automatically. 

Displaying t h e  result.  The tracks are displayed as  four bright spots  
including the latest echo paint.  There is no ahead prediction and no 
numerical display of information. The tracks are up-dated every ten 
seconds. Discontinuities. Presuming that the equipment has been switched 
on for some minutes, when a track is required it will appear in ten 
seconds. A change from true track to relative or vice versa will also be 
complete in ten seconds. If the track length or the range-scale is altered 
the magnetic tape recording will need to be started again. The length of 
the subsequent 
hiatus will depend on the track length in use or selected. 

Up-to-dateness/ renewal rate. As appreciation of a change of target 
movement i s  dependent o n  visual d i s c r i m i n a t i o n  o f  i t s  computed 
t r a c k , i t  i s  
probably fair to say that the renewal rate (or computed data rate, if 
preferred) will equal the plot interval in use, T of 1 or 2 minutes. 

Trial maneuver. The relative tracks predicted as a result of a proposed 
change of course and/ speed can be displayed. 

6. FULLY AUTOMATIC SYSTEMS (FARP). As has been said, the following 
description refers particularly to Digiplot. The articles on display 
philosophy already referred to5 indicate the  principal d i f f e r e n c e s  
between it and the other computerized plotters. Considering D ig ip lo t  
under the same function headings as have been used already: 

Selecting targets. There is fully automatic acquisition out to a range of 1 7 
miles. Manual selection and rejection are provided additionally. It 
examines ship-sized echoes (which may be from navigational marks and 
very small land targets as well as ships), ranks the closest 2 00 in order of 
threat and selects the closest +o for tracking and computation. The 
selection is checked every scan. Selection is controlled for both quality 
and quantity. To be acquired for automatic plotting, a target must return 
at least one echo every six scans. If it does so and is within the closest +o, 
tracking will commence. The selecting process takes from 1o to 60 

seconds. Tracking will stop if the echo ceases to meet the qualification 
but will recommence if the echo re-establishes itself. 

Regarding quantity, there may be a profusion of echoes somewhere 
within the maximum acquisition range (17 miles), which could upset the 
computer's selection of the echoes for tracking. To prevent this 
happening, 'limit lines' are provided. These are chordal lines,  
w h i c h  can be placed on the PPI at any range and at any angle. They 
prevent any echoes from beyond them from reaching the computer. 
They do not operate in the 'look ahead' sector, 11 degrees either side of 
right ahead. To prevent acquisition of false echoes from sea clutter two 
controls are provided, a 
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Minimum Tracking range and a Minimum Acquisition range. Naturally, 
the settings of both these require to be kept to the effective minimum. 
Finally, no echoes are acquired beyond the nearest edge of land, on any 
bearing except in the 'look ahead' sector in order to plot beyond a bridge 
as it is approached. 

Measuring range and bearing. This is done automatically. 
Computing the data . This is done automatically, inputs from the ship's 

radar, gyrocompass, speed log and an electric clock being fed to the 
computer. A speed setting may be selected by the operator as an alterna- 
tive. The raw radar data is up-dated every scan (3 seconds) and filtered 
over a period of five scans to prevent small, inadvertent and temporary 
changes of course (yaw) and other transient errors misleading the 
observer. 

Display'!}'ing the result. There are two forms of display, graphical 
and numerical. The computer provides a complete, synthetic, sunlight-
view- able picture of the land echoes and up to 40 ship-sized echoes, 
which may be displayed by itself on a bright, non-persistent PPI or 
superimposed upon a live radar display in the relative mode. The latter is 
known as an 'intrinsic' display. A distinctive feature of the graphical 
display is the use of vectors to indicate the movement of the echoes. A 
vector is a line (electronic) stemming from the echo, its direction 
indicating the course (True or Relative) of the target and its length 
projecting ahead the distance run in a time selected by the operator and, 
therefore, i t s  speed. This selection is made by the future-position time 
control, which operates in one-minute steps and controls the vectors of 
all tracked echoes simultaneously. The forward ends of the vectors 
indicate the predicted positions of those targets at the end of the time 
interval selected. This display shows, therefore, how the whole situation 
is expected to develop in the time chosen and how close other ships are 
likely to approach own ship and each other. The display responds 
instantly to changes of mode and range scale and there is no smearing. 

The numerical display, known as the Digital Readout, gives the details 
of target movement in paired items viz., CPA distance and time to CPA, 
true course and speed, true bearing and range. It does this for one target at 
a time, selected by the operator. The appearance of the information is 
immediate on demand.  It will also show own ship's course and speed. 

Discontinuities. There are none. 
Up-to-dateness/ renewal rate.  As has been said the raw data rate i s  3 

seconds and the computed data rate five scans or 15 seconds. When an 
echo is first acquired, it takes one to three minutes to be fully vectored, 
depending on range rate. The greater the closing range rate, the faster the 
full vector is displayed. The range of acquisition is not governed by the 
range scale in use on the PPI and will often be greater than the latter; 
so that when the echo appears on the PPI it will already be fully 
vectored. (See also Sperry CAS-Discontinuities). 

Accuracy. As with manual systems all predictions from the plot depend 
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upon accurate readings of target range and bearing and of time as well as 
accurate performance of the gyro compass and the speed log. The 
accuracy of the computer will be well within that of the other 
instruments. It will give collision avoidance parameters with a 
confidence of 99·9 per cent. The accuracy of the digital readout is 
claimed to be within one degree in bearing and o· 1 miles in range; 
target true course within 1-3 
degrees and target speed within  ± 1o per cent or  ± o· 5 knots, whichever 
is greater. 

Trial maneuver.  A proposed change of course and/or speed may be 
inserted on the controls and also a proposed time delay. On pressing the 
activating button, t h e  relative vectors of all tracked t a rge t s  will move 
round to the directions appropriate to the change.  Own ship's dynamics 
are built into the operation which will last as long as the actual maneuver, 
speeded up thirty times. A conventional static vector triangle may also be 
viewed to evaluate proposed course and speed changes and time delays. 
Collision risk alarm. This heading was not shown under the non-fully 
automatic systems because they have no such facility. In Digiplot the alarm 
has two controls, one which sets a CPA distance and the other a time to 
CPA. Any closing target,  w h i c h  i s  p r e d i c t e d ,  to pass within 
the distance set in less than the time set will trigger the alarm. The 
main object of setting a time is to avoid the alarm being triggered by 
targets too distant 
to present an immediate threat. 

SPERRY CAS. This equipment is dealt with separately from the foregoing 
group because i t  operates on a different principle.  Whereas 
D i g i p l o t , MABS and Databridge display time related vectors  (they all 
terminate at the end of the selected time interval), the CAS vectors 
terminate in predicted areas of danger (PADS); Digiplot et al. indicate 
where and how fast each of the tracked targets, as well as own ship, are 
going while CAS indicates where own ship should not go.  On a true 
motion, course up- ward display a number of targets, manually acquired 
up to a maximum of twenty  (forty in later models), i s  shown in their 
current positions and also at predicted future positions at which they, at 
their present courses and speeds, would meet own ship if she were to 
alter course directly and immediately towards one of those positions.  In 
addition to calculating those predictions the  computer also calculates an 
area round i t , based upon an operator-selected CPA distance and allowing 
for the size of own ship and possible instrumental errors. This forms an 
elliptical area (circular for a stationary target),  which is drawn on the PPI 
by the computer and is called a PAD. A line joining the current position of 
the echo to the PAD represents t a rge t  t r u e  course and a dashed 
portion o f  it the next s ix  minutes of the target's travel.  Should it not 
be possible for the ships to collide in the circumstances stated, no PAD 
will be drawn but the six--minute vector will be a solid line. Obviously 
the terminal points of the vectors in the PADs bear no relation in time to 
one another, though the ends of the six-minute sections do so. The length 
of the latter is not variable. Selecting targets. This is done by the operator 
and must be kept up-to- 
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date by him. The maximum number which can be selected is 20 though 
an optional extra tracker unit will raise this to 40 . 

Measuring range and bearing . This is done by the computer for selected 
echoes. 

Computing the data. The 6-minute true vectors of selected targets are 
calculated by the computer and the calculation of the PADs follows for 
targets with which a collision is possible. The digital readout is an 
optional extra. 

Displqying the result. Each selected target with which a collision is 
possible is shown on a true motion display with its PAD on an extension 
of the 6-minute true vector, as already described. If a digital readout is 
provided, it will display the selected information for one target at a time, 
much in the same way as does Digiplot. The graphical result is super- 
imposed on the live radar picture. 

Discontinuities. There are no discontinuities but one or two delays 
should be mentioned. After manual selection of an echo for tracking about 
8 scans (24 seconds) will elapse before the 6-minute vector begins to form; 
in 90 seconds the PAD will form if a collision is possible. After an 
alteration of course or speed by a target for which a PAD has been shown, 
it will take about 15 seconds for the corrected PAD to be drawn.  If 
more than one target on the same bearing is selected, the above intervals 
will be doubled for the second target and trebled for the third. These 
increases will be halved if the 40-target additional tracker unit is 
provided. 

Up-to-dateness/ renewal rate. The delay' due to filtering (smoothing) is 
greater when the target and the PAD are at long range than when the 
situation is more urgent; the 15-second renewal rate may be taken as an 
average measure of up-to-dateness. 

Accuracy. Much the same as for other FARP but as own ship's course 
and speed are involved in the PAD calculations, the accuracy of the 
gyrocompass and speed log sensors and readings from them need to be 
rather better. 

Trial maneuver. The nature of the graphical display makes this 
unnecessary. 

Collision risk alarm. An audio and visual alarm is provided. 
7. SUMMING UP. In case all these details have obscured the main issue, 

it may be as well to begin the conclusions with a summary of the bonuses 
conferred by the use of a full-vector FARP. 

 
(i) Automatic acquisition of echoes for tracking. 

(ii) Check of echo selection every 3  seconds. 
(iii) All e c h o e s   (closest   200) within 17 miles e x a m i n e d  

s i m u l t a n e o u s l y . 
(iv) Raw data up-dated every scan (3 seconds). 
(v) Closest 40 echoes vectored and displayed simultaneously. 

(vi) Information renewal rate 15 seconds.  (See Appendix) 
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(vii) Digital readout of target range and bearing/course and  speed/ 
CPA distance and time for selected echo instantly on demand; 
I.e. continuous monitoring. 

(viii) Predicted positions of all echoes at any future minute (up to 69) 
instantly. 

(ix) All changes in presentation (mode, range-scale, &c.) are instan- 
taneous. 

(x) Trial maneuver presented dynamically and speeded up 30 times. 
(xi) Absence of discontinuities and renewal rate of 15 seconds per- 

mits plotting to continue during maneuvering by own ship or 
target(s). 

(xii) Up-to-dateness o f  d i s p l a y e d  i n f o r m a t i o n  o n  a  t a r g e t  
a l r e a d y  
being tracked: within 16 seconds i.e., 5-scan average up-dated 
every scan. 

 
It will be noted that none of these features is available in any system other 
than FARP. 

8. CONCLUSION. There can be no doubt that almost every collision that 
occurs has been caused by a human aberration of some kind which led to 
failure to recognize early enough that action was going to be called for. 
The time left to get clear, Escape Time, has been too short to permit 
coherent planning with the means available plus the actual maneuver. 
Possibly, foreknowledge of this constraint prompted the irrational 
behavior,  w h i c h  followed. The writer is by no means alone in his 
belief that the manual plot and uncomputed visual interpretation are 
inadequate. In one collision case the Court heard expert evidence to 
the effect that the time required for a simple manual plot was six to 
nine minutes. More recently an acknowledged technical expert in this 
field wrote 'the data renewal rate had to be the same as the track duration, 
3 or 6 minutes, which was unacceptable in many operational-situations.' 10 

Also recently, a letter from the U.S. National Transportation Safety 
Board concerned with a collision on the lower Mississippi River 
remarked 'The use of manual processing techniques for the radar data 
left insufficient time for either vessel to detect and evaluate the other 
vessel's movements and to exchange a passing agreement'. 

All the evidence leads inevitably to the conclusion that to rely upon a 
manual plot, however aided, for effective assistance in the final stages of a 
dangerous encounter is a forlorn hope. Conversely, the few seconds 
needed for a clear and quantitative appraisal on a fully automatic plotter 
should almost always leave sufficient time for a disengaging maneuver. 
Further, it is quite likely that the FARP with its collision risk alarm 
facility will extend the time available to manageable proportions, by 
alerting the bridge staff to the danger much earlier than would have been 
the case without it. 

For those who believe that the need may arise to obtain a solution in 
seconds, or to monitor on a half-minute to half-minute basis the move- 
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ment of high- r i sk  targets approaching at close range (less than 3-4 
miles), by having a specific quantitative indication of  course, speed, 
distance 
&c., provided in an uninterrupted flow of relevant data, the fully 
automatic system is the only effective solution available. 

When using in a collision risk situation a system such as those 
categorized above as electronically aided, one has to depend either upon 
visual interpretation unpunctuated by numerical facts or on manual 
plotting to supplement it; either way the time scale will be, or will 
approach, that of the 3- or 6-minute track duration, which may not be 
quick enough. 
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