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. ! navigation and piloting performance in narrow channels and, potentialiy,|
safety in such channels. This is one of several experiments restvicted to,

visuzl piloting and was performed on 2 simulazor built for the U.S. Coast!

Guard at Eclectech Associates in North Stoningten, Connecticut. The

variable conditions evaluated were: (1) sensitivity ranges (high latera:
sensitivity at Kmx4.5 or low lateral semsitivity at K=0.5), (Z) designated!
. track (with the objective to stay either on the centerline or on the right
- guarterline), and (3) angle of turn (l5-degree or 3S5-degree noncutoff turn).
The constant ccunditions were a 500-foot chanmnel with two 1.3 nm straight
! legs joined by a bend. Each straight leg has a range light marking the:
centerline of the 1legs and these were the only aids availadle. The!
scenarios were run at night with wind and current varving through thei
' transit. The ship was z 30,000 dwt tanker with the bridge 75 feet forward]

. from the center of gravity, and pilots were instructed to keep transit speed!
at 5 knots. The findings cf the experiment are presentec as the mezns and!
standard deviations of crosstrack position of transits under each|
condition. These are interpreted in terms cof their 1implications for the!
design of chanmnel marxings.
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PREFACE

The experiment described here is s component of the United States
Coast Guard's Performance of Aids to Navigation Svstems project. The
project is meant to collect the data necessary to lead to guidelines for
the design of AN Systems. The project 1imcludes (or will include) a
survey of U.S. ports to summarize existing conditicmns; a survey of
relevant variables to be considered; 2 major simulator experiment in
visual piloting done at Maritime Administration's Cowmputer Aidecd
Operations Resezrch Facility (CAORF) in New York; four visual piloting
(SRAN) and three radio aids piloting (RA) experiments performed &t a
simulator developed for the project at Eclectech Associates, Imc., in
North Stonington, Connecticut; and an at-sea data collectior to provide
validation of the USCG/EA simulator and the experimental results. The
final step will be the preparation . of the overall findings for the
development of design guidelines.

The experiment described here is the last of four visual piloting
experiments performed on the USCG/EA simulator. Range lights were the
only aids in this experiment. The experiment evaluated the effects of
sensitivity of the range (to the pilot, the rate at which the range
opened as the ship moved off the center) and its effect oun several
piloting tasks. The capability of the USCG/EA simulator to simulate
range lights was evaluated for the first time. The fcllowing 1is =
summary of conclusions supported by the experiment.

e A sensitive range 1is extremely effective for finding and
maintaining the axis of that range, even in the presence of
crosswind and crosscurrent. : -

e A low-sensitivity range is less effective than 2 high-sensitivity
range for finding and maintaining the axis of that range. It can
even be less effective than a parsimonious buoy arrangement for
that purpose. -

e Even a high-sensitivity range is not effective for finding or
maintaining a track that is not on the axis of the range. This
weakness has implications for traffic conditioms.

e Ranges are useful for turns only under the most favorable
conditions: for example, 2 high-sensitivity vange and low angle
of turn.

e The USCG/EA simulator is wuseful for the simulation of range
lights over a wide set of wvzlues of herizontal and vertical
visual angles.

iii
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EXECUTIVE SUMMARY

OVERVIEW

Range lights are 2 highly specialized zid, useful for finding
and maintaining the axis of the range. However, for other
purposes, piloting performance 1is susceptible to perturbing
factors in the situationm.

INTRODUCTION

veness of
range lights as the only aid to navigation for a varierty piloting
tasks. These included finding and maintaining a track, maneuvering
through the turn, and trackkeeping off the axis of the range.

. The purpose of this experiment was to evzluate the effect
tv ©

i
z
£
=

The variables were selected to 1increase the generzlity cf the
findings and are identified below:

(1) Lateral semsitivity of the range. The pilots define this as the
; - speed with which the range lights open as the ship moves cff the
centerline. It can be operationally defined in terms cf the parameters
| . of the situation as:

K = WR/D (H - h) |
where:

lateral sensitivity
channel width (feet)
= distance between lights
distance from front light to observer
height of rear light (feet) :
height of fromnt light (feet)

{
omYw R

—

—_ The researchers suggest another measure of sensitivity is
crosstrack position sensitivity:

= 0q/0) (W

Xq = crosstrack displacement in feet when horizontal wvisual

angle 1is OQ
9Q = horizontal visual angle of separation which 65 percent
of the subjects judge to be still vertically aligneg
(min are)
= wvertical visual angle of separation (min arc)
W channel width (feet)
K = lateral sensitivity




The conditions were:

High Low

Sensitivicy Sensitiviry !
K = 3.5 to 10.0 K=0.5 to 0.8 {
XQ = 1.8 to 6.3 feet XQ = 20.0 to 40.0 feet

(2) Angle of cthe turn. Either 15 degrees or 35 degrees.
(3) Intended track. Either on the centerline or the quarterline.
The counstant concitions for this experiment were:

(1) Ship zype: 30,000 dwt tanker at a transit speed of 6 knots.

(2) Channel: A 500-foot wide chammel with two 1.3 nm straight legs
and 2 turn.

(3) Scenario: Consisted of a maneuver to.the designated track with a
following wind and current, a turn, and a return to the designated track
with a2 crosswind and crosscurrent.

(4) Visiblity: Unlimited.

’

(5) Aids to navigation: Two ranges marking the cenrerline of each
straight leg. No buovs or radar were available.

FINDINGS OF THE EXPERIMENT

Finding and Maintaining a2 Track on the Range Axis im Various
Crosscurrent Conditions

Range sensitivity determines its effectiveness to pilots for finding
ané maintairing the track in a crosscurrent condition if the strategy is
to remain on the centerline. The high sensitive range allows the pilot
to identifv and compensate for the effects of current while the 1low
sensitivity range does not. The following general conclusion 1is
supported:

A high seansitivity range 1is effective for finding and
maintaining a track on the range axis under a variety of
perturbing conditioas.

Finding and Maintaining a Track O0ff the Axis of the Range on the
Quarterline of the Channel

The pilots were able to make a small maneuver onto the quarterline
with a following wind and current. Piloting performance, however, was
poor finding the quarterline after the turn and with the crosswind and
crosscurrent even with high sensitivity ranges. The fcllowing general
conclusior is supported:




High sensitivity vranges are effectively used off the range
axis in only the most favorable circumstances. By extension,
ranges in two~way ‘traffi situations probably encourage
approaching ships to maintain the channel centerline except for
brief excursions off the centerline to pass.

Turns With Range Lights as the Ornlv Aid ]

Performance was inadequate {the ship hull often exceeded the channel
edge) in making a 35-degree turn from a high te a high sensitivity
range. It was worse when making a 35-degree turn from z low to a low
sensitivity range. It was equally poor in turning frozm & high te 2 low
sensitivity range where pilots began the turn with good crosstrack
information from leg 1.

It was possible to turn adequately from renge to range only with a
15-degree tura with high semsitivity ranges. The following conclusions
are supported: 3

Ranges are useful for turning only under the wmost favorable
circumstances. These include very wide channels and low angle
turns that do not exceed 15 degrees and do not require the ship
to move far off the axes of the ranges during the turning
maneuver.

The pilots did turn from range to range, albeit with a very wide !
distribution of tracks. From this it is possible to conclude that turns
aided only by ranges might be adequate if the channel is verv wide or if
the turn arez is widened bv dredging.

IMPLICATIORS FOR THE DESIGN OF AID TO NAVIGATION SYSTEMS
The factors to be considered in marking a channel with ranges are:

e Expected visibility

e Sensitivity of the range .
e Traffic

] Current

e Width of turn region

. Angle of turn

The detection distance of the range lights must be as long as the
distance from the start of the channel to the rear light for ranges to
be effective. If transits are made when the visitilizv is less then
this, buoys and/or radio aids must be used to mark the channel. When
ice makes buoy use impossible, ranges with their wvulnerabilicy to j
visibility may be the only aid available and operations will necessarily
be limited by the available visibility. (This assumes visual piloring
only.)

Piloting performance is dependent on the sensitivity of the range.
If the range cannot be designed to provide adequate performance for :the

vii




width of the channel, buoys are the obvious alternative for visual aids,
based on previous experiments which evazluated piloting with buoys.

When it is critical that a ship stay on a designated track despite
crosscurrent (i.e., a2 large ship, hazardous cargo), a highly seasitive
range is more effective than buoys.

If there is & large areaz in which to turn, because the channel 1is
very wide, or because the turn is widenecd, high sensitivity ranges are
possible alternatives to buoys. -

If the channel is limited in width and a turn of greater than 15
degrees 1is required, then buoys must be used to achieve adeguate
perfcrmance in the turm,

If the angle of the turn is very low, that i{s, l5-degrees or 1less,
high sensitivity ranges are an alternative to buoys in the turn. Even
for these turns, performance with the turns marked with buovs will be
superior to those marked only with ranges.

Ranges generally do not support good piloting performance off the
axis of the range. It may be expected that in two-way traffic
situsztions, vanges will encourage traffic to mainc2in tracks near the
range axis except during z passing maneuver. This behavior may cause
the range lights to be obscured by one or the other of the traffic
ships. The resulit of such an occurrence was not studied in this
experiment.

VALIDITY OF THE USE OF THE SHIPHANDLING SIMULATION FOR RANGE LIGHT
EXPIRIMENTATION

Prior to the conduct of the range light experiments, perception tests
were conducted on the simulator to establish whether or not the
perception of vertical lights would be equivalent to that previously
tested in both laboratory and field tests. The simulator results showed
that the subjects' performance was statistically equivaleat to the
previous results for vertical visual angles of separation of 25 to 10
minutes of arc. These findings support the following conclusion:

Piloting performance using range lights may be evaluated on
the USCG shiphandling simulator if the vertical visual angle
separating the 1lights is greater than 25 minutes of arc.
Perception of the vertical alignment of such range ights will
be equivalent to behavior at sea.
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Section 1

INTRODUCTICN

The United Srates Coas:t Guard Is responsille Zfor saferv i U.S.
harbors and channels and, therefore, for the aids to ravigation (AN)
necessary teo ensure that safety. In fulfillment of this responsibility,
the Coast Guard is sponsoring & simulztor-based program of resezrch int
the performance of a2ids to navigztion systems. Their interests include
visual aids to navigation, radar, and radio zids. The fizzl cbj

S
cf the project are the use of experimental datz tc deriv
criteriz for the placement of aids to navigarion anc ¢
aids to navigation systems for nearrow channels with turns. Completed
components of the project are avzilable as separate reports. The first
of these was an analysis of the variables expected to affect wvisual
pilo:ing.1 To enhance the applicebility of the findings to rezl-world
harbors, wmajor U.S. ports were surveyed from charsts, cataloging the

conditions that exist. Four experiments on wvisual piloting with
floating aids have been completed. These are the "CAORF,"3 "Channel
Width,"#"Ship Variables",3 and "One=-Side Channel Karkings"6

experiments. The planning of the present experiment is referred o as

l14.R. Bertsche and R.C. Cook. "Analysis of Visual Navigational
Variables and Iateractiouns." U.S. Coast Guard, Washingtorn, D.C.,
October 1979.

2y.R. Bertsche and R.T. Mercer. “Aids to Navigation Configuraticns
and the Physical Characteristics of Waterways in 32 Major U.S. Ports."
U.S. Coast Guard, Washington, D.C., October 1279.

3M.W. Smith and W.R. Bertsche. "Aids to Navigation Report on the
CAORF Experiment. The Performance of Visual Aids to Navigaticn_ as
Evaluated by Simulation." U.S. Coast Guard, Washington, I.C., August
1980. '

bM.W. Smith and W.R. Bertsche. "Aids to Navigation Principal Findings
Report on the Channel Width Experiment: The Effects of Channel Width
and Related Variables on Piloting Performance." TU.S. Coast Guard,
Washington, D.C., January 1981.

5W.R. Bertsche, D.A. Atkins, and WM.W, Smith. "Aids to Navigation
Principal Findings Report on the Ship Variables Experimenz: The Effec:
of Ship Characteristics and Related Variables on Piloting Performance."
U.S. Coast Guard, Washington, D.C., April 1981.

6K.L. Marino, M.W. Smith, and W.R. Bertsche. "Aids to Navigation
Principal Findings Report: The Effect of One-Side Channel Marking and
Related Conditiorns on Piloting Perfcrmance." U.S. Coast Guard,

Washington, D.C., July 1981.




simulation Reporc."’  Severzl related studies on

§,%,:2

glso complete.®: >+~
The Iirst simulator experiment cn floasting &ids te nevigation was
concucszed at  CAORT, the  Maritime adminisctratiorn's Computer aiced
Cperzticns Research Facility in New Verk., Llater omes, including the orne
to be described here, were conducted a2t 2 simulator built for this U.S.
Coast Guard preoiect by Eclectech &Associates in North Stonington,
Connecticut. Both are bridge simulaters, which provide the bridge, the

st.ip hvdérodvrnamics, the enviroamental effects, and the visual scene
necessarv for this series of experiments. A comparison of the results
obtained on the twe is discussed in the Channel Width and Skip Variables
reports.

The performance of aids to navigztion, and of pilots using aids to
navigation, is the result c¢f a complex process under the control of many
variatles. The 15 varizbles of interest in the projec:t are listed in
Table 1. There are more variables than can be included in a single
experiment. Instead, a systems approach which evaluates & part of the
process at a2 time 1s necessary. The subsets of the relevant variables
selected for the first visual experiments are indicated in the table.
The emphasis in the firs:t experiments was on varving the conditions that
control the amount of visuzl information buoys provided to the pilot.
The visuel conditions provided were combined with & complex scenario
that required performance in both trackkeeping and maneuveriag, with and
without perturbations. The general finding of the experiments was a
relationship between the maneuvering and/cr perturbation requirements of
the scenario and the reliance on visuzl informztiom: when maneuvering
was difficult, the pilot's perfcrmance was more “dependent on the buoy
configuration.

1.2 EXPERIMENTAL CONDITIONS FOR THE RANGE LIGHT EXPERIMENT

The purpose of this experiment was to evaluate the effectiveness of
range lights as the only aid to navigation for a variety of piloting
tasks. These included: (1) trackkeeping on the range, (2) maneuvering
through the turn, and (3) trackkeeping off the range. Trackkeeping

"M.W. Smith. "Aids to Navigation Presimulation Report: Range Light
Charactertistics and Their EZffect on Performance." U.S. Coast Guard,
Washington, D.C., July 1981.

8Rr.B. Cooper and K.L. Marino. "Simulator Evaluation of Electronic
Radic Aids to Navigation Displays - The Miniexperiment." U.S. Coast
Guard, Washington, D.C., September 1980.

O

. Cooper, K.L. Marino, and W.R. Bertsche. 'Simulatior Evaluation
o lectronic Radioc Aids to Navigation Displays, The RAi-1 Experiment.'
U.8. Coast Guard, Washington, D.C. 1981,

R.3
£z

10,3, Cooper, K.L. Marino, and W.R. Bertsche. '"Simulation Evaluation
¢f Zlectronic Radio Aids to Navigation Displavs, The RA-2 Experiment."
U.S. Coast Guard, Washingtom, D.C., April 1981,




and maneuvering are constantly used in piloting, however, there is nct a
clear distinction between them. Wnen trackxeeping, pilcts move the ship
towarc an i*ﬂed‘a*e destination. Here thev needé only knew the position
of destination and the dl*ectxor of the ship in relation tz it. They e
not neec precise knowledze cf the channel edges v crossirac

in relerion to them. Wnen mzneuvering, pilots mecve :h |

-

-
- -
<

iy

te relazively close peints such zs the outline ¢

urn, z a
channel, or & traffic ship. Here thev need more infrcrmaztion shan for
trackkeeping because they must continuzlly reevaluate pesiticn teo make
frequent estimates of ship position and velocity (direction znd speed)
in relatior to close points. For a turn, the maneuver is relatively
severe so channel boundaries must be -dentlf able. To pass & traffic
ship, pilots must consider beth the ship ard the chanrel edges so this

information must be available.

\)
.

Prior to conducting the range light experiment, st tests were run
on the simulator to determine 1f pilot perceptior cf the wvertical
separation of the lights were eguivalent to empirical e tions derived
from previous studies. Appendix A discusses the static sts and shows
pilot performance was statistically equivalent tc empiriczl performance.

(\
D

TABLE 1. NAVIGATION PROCESS VARIABLES

EXPERIMENT WHICE EVALUATZD THE

VARIABLE VARIABLE
)
Ship . !
Perspective view . Ship Variables i
Speed Ship Variables i
Maneuverability Ship Variables i

Channel dimensions

Banks None

Width Channel Width

Turn angle CAORF, Range Light _
Turn radius (configuration) CAORF, Range Light

Environmental factors

Current/wind CAORF, Channel Width, Ship Variables,
Cne Side, Range Light

Dav/night CAORF

Visibility/detection distance CAORF, One Side

Traffic ships CAORF

AN placement |

Spacing CAORF, Channel Width, Shig Variables,{
One Side, Range Light ]

Straight channel marking CAORF, Channel Widzh, Skip Variables, !
One Side, Range Light i

Flash period None

Turnmarking CAORF, Ship Variables, Cne Side J

"F""""""""""""""""'lllllllIllllllllllllIIIIIIIIlllIlIlIIIllll|||||..........!!.!!!!=!=====::r_"



The varizbles for this experiment were:

e Sensitivity of renges. High latere!l sensitiviivy (K=4.5) or low
lateral sensitivity 7X=0.5) ranges. See Aprendix B for =&
discussion of the design parameters for these ranges.

e Interded rrack. Tither on the centeriine o¢r on the rign:

e Angle of turn. 15-degree or 335-~degree norcutofl turn.
The experimental conditions 2nd comparisons are shown by Teble 2 and
outlired bv Table 3. The scerarios are diagrammed in Appendix C. The
hvpctheses zssociated with the selection of these variables were:

1. rffect cf Range Sensictivity. Scenario 1 will be used as o
standard to ccmpare the other scenzrios. Each straight leg is marked by
the same Sigh sensitivity (Xx4.5) range placed to mark the centerline.
The pilot was asked to trackkeep on the range in both segments with and
without crosswind and crosscurrent. Additionally, he had tc maneuver
through & 35-degree turn anéd find the centerline with nc additiomnal
aids. Performance under these conditions will ©be compared with
performance in scenario 2 which differs only in the low senmsitivity
{K20.3} of the ranges in each leg. It is expected that performance
will be better in scenario 1. Performance can be compared £for both
trackkeeping and maneuvering portions.

Scenario % is warked by two diferent range sensitivities. Leg 1
has the high sensitivity range ¢f scenaric 1, and leg Z has the low
sensitivity range of scenaric 2. This scenario will investigate the
possibility that the superior crosstrack information provided by the
high seasitivity rznge in the first leg as the ship approaches the turn
will allow Zfor a better turn onto the low sensitivity range than that
made in scenario 2. Scenzrio 6 can 2lso be compared to scenmario 1. It
is expetcted that performance will be best in scenario 1, followed by

scenario 6, with scenario 2 resulting in poorest performance.

2, Effect of Intended Track. Scenario 1 will be compared with
scenario 4 which differs only in instruction to the pilot. In scenario
4 the pilot is asked to trackkeep at the center of the right-hand
cuarter using the range lights. Scenario 4 is dedicated to an evaluation

TABLE 2. EXPERIMENTAL CONDITIONS

i Range Sensitivity

Scenaric*' Dezree of Tura Leg 1 leg 2 Intended Track.
o1 I 35 degree High (K=4.5) | High (K=4.5) | Centerline

i 2 35 degree Low (K=20.5)| Low (X=220.5) {Centerline

| 4 3% degree Bigh (K=s4.3) | High (K=s4.5) | Quarterine

i 5 E 15 degree High (X=4.5) ! High {(K=a4.5) | Centerline 1
, 6 L35 degree High (¥=4.5) | Low (K=0.5) |Centerline :
!*Note: Scerario 3 eliminated from experiment.




TABLE 3. AVAILABLE COMPARISONS BY SCENARIO

o

VARIABLE SCENARIOS
EFFECT OF RANGE SENSITIVITY
High sensitivity in legs 1 and I versus low semsitivity
in legs 1 and 2 1 versus 2
High sensitivity in legs 1 and 2 versus high sensitivity
in leg 1 and low sensitivity in leg 2 1 versus 6
Low sensitivity in legs 1 and 2 versus high sensitivicy
in leg 1 and low sensitivity in leg 2 2 versus 6
EFFECT OF INTENDED TRACK
Centerline track versus quarterlire track with high
sensitivity ranges in legs 1 and 2 1 versus 4
EFFECT OF TURN ANGLE
High semsitivity ranges in legs 1 and 2 with a 35-degree
turn versus high sensitivity ranges in legs 1 and 2
with 15-degree turn 1 versus 5

of performance off the range. It is expected pilots will have difficulty
finding and mzintaining the quarterline so performance will be better im
scenario 1 when the pilot is trackkeeping on the range.

3. Effect of Turn Angle. Scenario 1 will be compared with scenario
5 which differs only in the angle of turn. Scenario 5 will have a
15-degree turn. If a general €finding of the experiment is that ranges
are inadequate for turning, the more gradual turn may find a limit to
this inadequacy: the ranges may be adequate for more shallow turns.

The wind and current effects were planned for the 35-degree turus
as illustrated in Figure l. This means for the 1l5-degree turn the wind
and current, in leg 2 are closer to following and provide a less
difficult piloting problem. The 15-degree turn is, therefore, easier
because it is a2 less abrupt turn and because there is less crosswind and
crosscurreat. The difference is appropriate for this experiment since it
compares turning from range to range with a difficult and with an easy
turn.

This is the first time a l5-degree turn has been included in an
exveriment conducted on the USCG/EA simulator. The 15-degree turmns at
CAORFll were developed differently: the wind and current were changed
at the turn so that leg 2 always haé the same crosswind and crosscurrent
effects. The l5-degree turn here is easier than at CAORF.

lly,w, smith and W.R. Bertsche, op. cit., August 1980,




CURRENT AND WIND IN CHANNEL

A
| CURRENT VELOCITY: 1.1/2 KNOTS
' | DECREASING TO 3/4 KNGTS AFTER
L N THE TURN AND TO SLACK WATER
\5 AT THE END OF THE CHANNEL.
» —
\‘\ WIND: 30 KNOTS FROM AFT IN
. THE FIRST LEG AND FROM BROAD
_ \\\ ON THE PORT QUARTER IN THE
10 U\ SECOND LEG.
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Figure 1. Current and Wind in Channel
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1.3 CONDITIONS CONSTANT TO ALL SCENARIOS %

The experimental comparisons of interest are made iIn 2 context of
appropriate constant conditions. The comparisons among the experimental {
conditions zre specific to the constant counditicns and might not show
the same differences if the constant <conditions were changed.
Therefore, it is necessary to use the same care in the selection of the
constant conditions as in the selection of the experimental conditions.
The constant conditions chosen here are similar to those that appeared
as constant or varied 1in previous experiments. This similarity
maximizes coumparabilizy between experiments. The selected conditions
are summarized in Table 4.

1. The Channel Dimensions. The scenarios contain two channel legs
that are connected by a turn. The channel is 500 feet wide and was
chosen after the Channel Width experimentl? demonstrated that this
width, rather than the wider width teo which it was compared, requires
greater reliance on the channel marking. One foot of clearance under
the ship wias necessary to obtain the planned maneuverability.

2. Emironmental Conditions and Visual Scene. The scenarios are run
at nigh: with .nlimited visibility to allow optimal performance with
range ligits. The current and wind follow patterns similar to that used

in the  armel Width and identical to that in the Ship Variables
experiment.-~” The wind is following in the first leg and broad on the
port quarter after the turm, with some variation in direction. The wind !

speed is 30 knots with some variation. The current, too, 1is following
in the first leg and broad on the port quarter after the turn. It
decreases in velocity from 1-1/4 knots at the beginning of the scenmario
to 3/4 knots after the turn to zero at the end of the runm.

3. Ship Characteristics. The ship is & 30,000 dwt tanker with a
split-~house configuration and a viewing point located 75 feet forward
from the ship's center of gravity. It has a 595-foot length overall, an
84-foot beam, a 45-foot height of eye, and a 34-foot draft. To be
consistent with the previous experiments,l«,15 the ship transiting
speed is 6 knots.

4, The Bridge Conditions. The pilot has available the following:

e A helmsman to receive his orders.
e A gyrocompass, a rudder angle indicator, and an rpm indicator.

e An engine order telegraph (with the opportunity to increase
speed in the turn).

12y,W. Smith and W.P. Bertsche, op. cit., January 1981.
Ly.r. Bertsche, D.A. Atkins, and M.W. Smith, op. cit.
1l1bid,

15¢.L. Marino, M.W. Smith, and W.R. Bertsche, op. cit.
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TABLE 4. CONSTANT CONDITIONS

1. Channel Dimensions:
. 500-foot width
e 35-foot depth
; e Noncutoff turn configuration

2. Environmental Conditionms:
e Unlimited visibility
e Nighttime
e Current and wind varying over scenario

i 3. Ship Characteristics

! e 30,000 dwt tanker
45-foot height of eye
Midship wheelhouse
Transit speed at & knots

4. Bridge Conditions:
e Helmsman
e Engine order telegraph
e Gyrocompass, rudder angle indicator, rpm indicater
. Chart

5. Visual Scene:
e Outline of ship's bow with short jackstaff
[ Black sea and sky; no demarcatiom
e Nonflashing green range lights

6. Performance Requirements:

e Move to designated track following current

e Align ship to turn

e Make turm

e Stabilize ship after turn with decreasing crosscurrent

e Maintain channel designated track with decreasing
crosscurrrent

e Charts of the channel with the course and range locatioms.

e A diagram of the current conditions.

e No radar. (This is an experiment in visual piloting.)

S. The Visual Scene. The outline of the bow was visible with a
shortened jackstaff so ranges are not obstructed. Past experiments
demonstrated the usefulness of the bow and jackstaff for piloting so
their inclusion makes perforwance comparable to that in earlier buoy
experiments. ‘The ranges appeared as nonflashing green lights which
showed up agsinst a black sea and black sky.

6. The Performance Requirements. The piloting tasks the pilot is
instructed to perform are illustrated in Figure 2. The ship was
initialized 1.3 nm below the turn and 92 feet to the right of the
centerline. At that point there was a following current which decreased
from 1.5 knots and a following wind of 30 knots and gusting. The pilot
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was instructed to take the ship to the designated trackline. He could
leave that trackline when ready to negotiate the turn by his own
strategy. He was asked to rveturn to the designated track in the next
leg as socn as possible. As he entered the new leg, the wind and
current were broad on his port quarter. Given he current velocity of
3/4 knots and his speed through the water of 6-1.2 knots, he needed =2
drift angle of 3 degrees to maintain the course of the channel. As he
attempted to return to the designated trackline, the current velocity,
and the necessarvy drif:t angle decreased. The wind remaired the same in
direcrion and average intemsity throughout the run. The imstructions to
the pilot and the postsimulation questionnaire appear as Appendix D.
The wind and current effects are described more specifically in Appendix
E.

1.4 DATA COLLECTICN AND ANALYSIS
1.4.1 Data Collection

A variety of performance measures were collected for wuse 1in
evaluating the scenario conditions. These include:

1. The ship's crosstrack oposition as a function of alongtrack
position. (The graph of this relationship is referred to as a track
plot.) A variety of related dependent varisbles are also recorded.
When the ship crosses the data lines diagrammed in Figure 3 or when the
pilot makes the responses described below, the computer records the
following measures:

e Time of event.

° Ship's center of gravity position.

e Ship's bridge position.

e Ship's velocity relative to the ground.
e Ship's true heading.

e Rate of turn,

e Rudder angle.

e Course made good.

e RPM of propeller.

2. The subject's course, rudder, and engine orders are recorded with
alongtrack position and a variety of other dependent measures.

3. A postsimulation questionnaire allows the subject to comment
subjectively on the conditions of each scenario and on his strategies.
This questionnaire appeared in the presimulation reﬁort cited earlier
and formed the basis for the preliminary observatioms.i®

16cclectech Associates. '"Preliminary Observations of the Raage Light
Experiment." August 1981.

10
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1.4.2 Descriptive Analysis of the Data

The principal descriptive analysis ig a2 compilation of datz on the
' ael

= a
position of the ship's center of gravity, The basic measure cf the

ship's crosstrack position is treated as illustrated in Figure 4. The
mean and standard deviation are calculzted zt each data line for the set
of conditions to be described. The first set of zxes shows the means;:

the second, the standard deviation. On the last axes is 2z ''combined
plot" which shows the band Zformed by the mearn and two standard
deviations te either side of it against the boundaries of the channel.
The band encloses 95 percent of expected transits under the experimental
conditions sampled. The placement (mean) and width (stzndard deviatioun)
cf this band within ¢the boundaries of the chennel are together =
quantitative cescription of the set of transits under these conditicns,
ané, therefore, of the performance cf the range arrangements.

The trackkeeping portions of the scenario are the easiest to
interpret. It is assumed that, becsuse of instructions, the pilots are
attempting to keep the ship or the designated track. The distance of
the mean off either the centerline or the quarterline and the spread
measured by the standard deviations are indicatioms of the performance
0of the range configuration for the conditious samplied. Therefore, the
best range configuration is one that puts the mean of the distribution
on the designeted track and minimizes the standard deviationm.
Performance in the maneuvering portions is more difficult to interpret.
The distribution of c¢rosstrack portions contains the variatioms in
pilots' strategies as well as the performance of the ranges in guiding
them in those strategies. An adequate range configurztion should keep
the combined plot well inside the channel.

There 1is an assumption in this discussion that the precision in
piloting performance afforded by buoy configuration is related to the
safety of that channel: a safely marked chaanel is ome that results in
a distribution of transits that is well within the channel boundaries
for both trackkeeping and maneuvering. It should be reemphasized that
these measures are derived from an experiment and not & real-world
situation. They are measures of performance under the experimental
conditions (the experimental design and the simulation) used. For
application to real-world chamnels, they must be considered relative
measures of the performance of range configurations of channel
conditions. The irnterpretation of these performance measures as
probability of grounding, for example, would be 1incorrect pending
validation of such interpretation in the real world.

1.4.3 The Inferential Tests

The experiment cannot be analyzed with any single inferential
procedure for the following reasons.

1. Each comparison is logically a separate experiment.

2., To adequately describe the data (the crosstrack position of the
ship's center of gravity) requires both the mean and the standard
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deviatior for variance), and these must be calculated atf each datz line
over the scenario.

Instead, Zfor weach separate comparison the mwean and standard
deviations for each component scenario will te selected et critical data
lines and tested for the significance of their cdiffzrences by the

;

following procedures which are described in McNemar. When means -
from twe conditions are to be compared, 2 t-test will be used. The

standard cdeviztions cf the ccrnditions will be compared in peirs dictated
by the logic of the comparisons. They will be c¢ompzred &s variances,
using variance ratios, or an F-test.

-

17Quinn. McNemar. Psvchological Stacistics, Fourth Edition. Jonn

Wiley and Sons, Inc., New York, 1969,
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Section 2

PERFORMANCE AS A FUNCTION OF RANGE SENSITIVITY

2.1 OVERVIEW

Various range light sensitivities were compared to evaluate their
effect on piloting performance. These were:

. High sensitivity ranges marking both legs
) Low sensitivity ranges marking both legs

e 4 high sensitivity range marking leg 1 2and & low semsitivity
range marking leg 2

Results of the experiment show a high sensitivity range is an
effective zid to navigation for trackkeeping, that is, for finding and
maintaining the marked track 1in the channel. However, <for turaning
maneuvers of 35 degrees or larger, range configurstions marking only
straight 1legs are not -adequate aids to navigation regardless of
sensitivity. Pilots had difficulry turning and lining up on the range
in the second leg.

Piloting performance was consistently worse with low sensitivity
ranges. Pilots, however, generallv did not perceive this and believed
they performed better with the low sensitivity ranges. The low
sensitivity range masked ownship's true crosstrack position since the
horizontal separation of the ligh%s was not detectable until the ship
was 40 to 60 feet off the centerline.

Piloting performance was not improved in the turn by arranging a high
sensitivity range for leg 1 and a low semnsitivity range for leg 2.

2.2 EFFECT OF EIGH SENSITIVITY RANGES ON PILOT PERFORMANCE

Scenario 1, shown by Figure 5, has two high sensitivity ranges
marking the channel. These ranges enable the pilot to detect small
horizontal separaticn of lights which represent the crosstrack movement
of the ship of as little as 2 to 6 feet off the range. Scenario 1 has
the standard 35-degree turn which has been used in all USCG/EA simulator
experiments. Since this scenario has variables common to the other
scenarios, it will be the baseline to which the other scenarios will be

compared.

Piloting performance for scenario 1 1is plotted by Figure 6. The
plots are shown as continuous linear plots with the bend at data 1line
0. The first plot depicts the mean track, the second plot depicts the
standard deviations in the crosstrack direction, and the third plot
combines the mean +2 standard deviations. This envelope encloses 95
percent of the expected transits under the experimental conditions
sampled. Data zre plotted for every data line where datz lines are 4732
feet or 5/64 nm apart.

15
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Figure 5 shows in ieg 1 with a following wind and curren:, pilots had
. .

ac difficulty maneuvering onto the range axis rackkeeping was
excellen: This is illustrazred by the mean :track locsted on the

enterline from data lines 10 to 3 and the stancard deviaztior which was
no larger than 20 feet.

t anpears for turns of 35 degrees or larger, range light
igurations marking only the chznnel axes are not adeguate zids to
navigation regardless of sensitivity. Figuve 7 shows unsatisfactory
turn performance since the mean track comes close to the corner with
some tracks actually cutting the corner. The bot:tom "combined mean an
standard deviation plot" of Figure 6 shows the turn was initiated as
early as data line 3 (indicated by the increasing stzniard deviation)
and reccvery from the turn continued through data li 9. Turn
initiations beginning at data line 3 or 1425 feet before the turn were
too early and resulted in the mean track swinging fo the lef& at the
turn apex. Due to either overcorrection for being to the left of the
range or wind effects, the ship tracks were set sharply to> the right
following the turnm.

n

~

Piloting techniques for making the turn varied. Several pilots used
the clock as a cue to prepare for the turn, then tried to visually
determine when the range was 25 degrees off the ship's course before
initiating the turn. Another strategy was to watch the rate of closure
of the range lights in leg 2. If the rate of closure was fast, the
pilot gave z hard rudder order and when the rate of closure was slow,
the rudder was eased over. Another strategy was a trial and error
method which compared this run to others previously made since turms
wvere either too early or too late.

Pilor performance irn leg 2 was unsatisfactory tecause it took 4275
feet or 0.7 nm to recover from the turn and establish a track on the
range axis. The maximum overshoot of the mean occurred at da line 3

and was 131 feet to the right of the centerline with a standard
deviation of 170 feet. After this point, the tracks gradually merged
toward the centerline.

Although the pilots agreed the range marking leg 2 was adequate for
finding the centerline, several stated they had difficulty staying on
the range due to the set and constant movement of the high sensitivity
range. This concern for lining up on the range is reflected in their
performance. Most pilots stated their technique for steadying up in leg
2 was to crab in the channel with the bow on the left side of the range
and come up on the channel at an angle to allow for set. Several pilots
attempted to come in on the high side, then steer heavily back on the
centerline holding leeway throughout the transit. These tracks were
very close to the right boundary.

Since the *high sensitivity ranges provide the mest accurate
nge lights, their erformance can Dbe
e that was marked by

information possitle with

a
. . 18
compered to a scenario from an L3

arlier experiment

18y L. Marino, M.W. Smith, and W.R. Bertsche, op. cit.




Figure 7. Turn Performance of Scenario 1
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Several conclusions can be drawn from pilot performance when using

hizh sensitivity ranges. First, & highly sensitive range Is an
effective aid to navigation for trackkeepinz; that 1is, £inding and
maintaining the marked track in the channel. Secondly, Zfor turms 25
degrees or larger, range configurations marking only straigh:t legs are

not adequate aids. Thirdly, it 1is possible for pilots to turn
range-to-range, however, they cannot do this and stazy inside narrow
channel boundaries.

2.3 EFFECT OF LOW SENSITIVITY RANGES ON PILOTING PERFORMANCE

Scenaric 2, shown by Figure 2, has two low sensitivity ranges marking
the channel. The ranges are not very sensitive; the pilot can at best
detect crosstrack movement of ship of 23 to 62 feet off the range.
Other than range sensitivity, scerzrio 2 is identical to scenario 1.

?iloting performance for scenmario 2 is unsatisfactory as shown in
Figvtes 10 and 11 and is compared to scenatio ! in these figures. The
pilet's mean track does not reach the centerline in leg 1 or leg 2.
With low semsitivity ranges pilots could only perceive large crosstrack
changes in the movement of the ship in relation to the range so thev
could mnot accurately determine the ship's position. This is reflected
by a continually large standard deviation whict does not diminish when
wind and current effects are reduced. The plots in Figure 10 show that
through half the run (from leg 1 data line 2 through leg 2 data line
11), tracks went out of channel boundaries on both sides, and where
tracks stayed in the channel, they were highly dispersed and not near
the centerline., This plot shows low sensitivity ranges are not adequate
for trackkeeping in a narrow 500-foot channel.

A statistical comparison of low sensitivity ranges (scemario 2) to
high sensitivity ranges (scenaro 1) in both mean crosstrack location and
standard deviation is shown in Figure 11. These data indicate there are
significant differences between the range configuraticns throughout the
transit., These will be discussed by region.

Region 1 shows the simple trackkeeping segment of the rum where
pilots only needed to find the centerline and steer onto the range with
no maneuvering required in a following wind and current situationm. At
data line 15 the run begins with a 92-foot cffser from the centeriine.
Pilot performance was signficantly superior with the high seasitivitw
range because from data lines 10 through 3, or for C.5 nm, the mean
track was within 4 feet of the centerline. When the pilcts used the low
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TA3LE 5. COMPARISON OF PERFCRMA!
-

CONTICGURATION VERSUS BES
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q

ORMATION BUCY
CONFIGURATICN

MAXIMUM MEAN CROSSTRACK POSITION IN TEET

Location
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Figure 9, Scenario 2: Two Low Sensitivity Ranges
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sensitivity range, thev also believed they stezdied up on the range in

this arez; howev the meen track was approximateilv 350 feet te the

right of the centerline. Tzble 5 shows the maximucm cTcsstrack mean and

standari deviation for ezoh regionm. For regien 1 the low sensitiwvicy

range cerficrmance date Is mors then double thazt 2f the high senmsitivicy

datz indicating the supericr accuracy obteineble wizh the aizh

sensizivicy range. Perfcormance in regict 1, however, is accedntable ZIor

both range configurations indlcaring that in a perfec:t environment where

there s n¢ wind amd current perturbacionm, it Is possiblie to use a low
sensitivity range To trackkeep ia a 500~-foot wide channel.

>

Region 2 o0f Figure 11 shows the turn wmaneuver Ior each vrange

Fi 2 i of the position ¢f

T

cornfiguration and zure 12 shows an enlarged plot
combined plet through the turn. Performance and pileting technique &
different with each vrange sensitivity. In the turn, perfcrmance 1is
unsatisfactery with both range configurations; however, it was
significantly worse with the lower seasitivity range. Here the mean
track cut the inside corner and the standard deviation was over 200 feer
w:de. Table 6 describes the turn maneuver periormance Ior each range
~..lg‘.n'attlon with dataz line 3 in each leg representing the zaverage
poLn; where the pilot began turn initiation and where the ship should be
returned to the centerline. Table 7 compares the waximum wmean
crosstrack position znd maximum standard deviationm in this regiom. The
208-foot offset of the mear and the 250-foot variance show the noise
effect of the low sensitivity range where the ship's distance off the
range was masked so pilots were unable to correctly ascertain ship's
position.

The 1low sensitivity o¢f <this range configuration becomes Zfurther
apparent when pilots compared their strategies when using high or low
sensitivity ranges. As the pilots transited up leg 1 and watched the
second range become closer to 35 degrees off the bow, they concen:irzted
less on the first range and more on the second range. The rate of
closure of the second range told the pilot when and how to begin
turaing. If the range of closure was £ast, the pilot gave hard rudder
to make the turn quickly and when the range of closure was slow, the

rudder was eased over. The higher the range sensitivity, the faster the

range closed. Therefore, several pilots believed that with the higher
sensitivity range, there was grearter certainty as to when to begin the
turn. Rudder was put on later, wusually hard over and taken off
quickly. With the low semsitivity range, the rate of closure was slower
50 less rudder was applied soonmer and taken off later. This explains
the mean track being positioned to the left of the channel. The wide
standard deviation is a result of uncertainty of when to begin the turn
and where the ship was located in the channel.

Region 3 of Figure 11 shows the turn recovery area. Overall the mean
track in this region is better with low sensitivity because the maximum
mean crosstrack position is at 75 feet to the lef: as compared to 12§
feet to the right for high sensitivity. However, the maximum standavrd
deviatien is higher at 202 fee: with low seasitivity ranges compared to
160 feet with high sensitivirv ranges. This wide standard deviatien
shown in Figure 10 falls outside channel boundaries for a substantial
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TABLZ A. TURN MANEUVER ANALYSIS
i
MEAN (FEIT FROM CENTERLINE)
i High Sensitivity Low Semsitivicy
| Location Scenaric ! i Scenario 2
fLeg 1 - data line 3 0 26R
i Leg 2 - cata line 3 13ZR 110L
5 STANDARD DEVIATION (FEET FROM CENTERLINE)
i High Seasitivity Low Sensitivity
' Location Scenario 1 Scenario 2
iLeg 1 - data line 3 11 99
| Leg 2 - data line 3 170 217 l
L )
!
iR = right of centerline l
1 L = left of centerline
J

TABLE 7.

CROSSTRACK PERFORMANCE DATA FOR

HIGH VERSUS LOW SENSITIVITY RANGES

MAXIMUM MEAN CROSSTRACK POSITION
High Sensitivity Low Sensitivity
Region Scenario 1 Scenario 2
1 4R 47R
2 131R 208L
3 128R 75L
4 5R 61lL
MAXIMUM CROSSTRACK STANDARD DEVIATION |
High Semsitivity Low Sensitivity
Region Scenario 1 Scenario 2
1 21 70
2 170 251
3 160 202
4 39 100
R = right of centerline
L = left of centerline
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distance of 6175 feet (1.02 nm) for low sensitivity ranges as compared
to 3325 feet (5.55 nm) for the high sensitivity range.

/ -

Region &4 of leg 2 has reduced wind and current, thereby allowing the
pilots an oppertunity to simply trackkeep on the second range without
performing maneuvers. Here it can be seen the high sensitivity range
results in excellent performance with small standard deviaticn and a
mean on the centerline. With the low sensitivity range, pilots rever
returned the ship to the centerline and tracks remained widely dispersed
indicating pilots could not accuractly assess ship position.

It can be concluded that the sensitivity of the range determines its
effectiveness for finding and maintaining the track. Therefore, a
highly sensitive range is more effective than a lower sensitivity range
because discrete ship movement is identifiable. Low sensitivity ranges
which cannot identify ship movement until it is between 23 to 62 feet
off the range are not adequate aids for trackkeeping in 2 3500-foot
channel. A lower semsitivity range might be used to mark a wide channel
if it can accommodate nonuniformity of tracks and a dispersion of up to
500 feet to either side of the range axis.

2.4 EFFECT OF COMBINING HIGH AND LOW SENSITIVITY RANGES ON PILOT
PERFORMANCE

Scenario 6 shown in Figure 13 has a high sensitivity range wmarking
leg 1 and a low sensitivity range marking leg 2. The range design for
each leg is identical to scenarios 1 and 2, respectively. This scenario
was included to investigate the possibility that the superior crosstrack
information provided by the high sensitivity range in the first leg as
the ship approaches the turn will allow for 2 better turn onto the low
sensitivity range than that made in scenario 2. This scenario will,
therefore, be compared to both scenarios 1 and 2.

Pilot performance for the three scenarios is shown by Figure 14.
Performance resulting from the scenario 6 range arrangement show the
high sensitivity range marking leg 1 yields the same superior
trackkeeping as that in scenario 1 from data 1lines 15 through 5.
However, as the ship approaches the turn, the standard deviation
increases as pilots shift concentration to the second range to prepare
for the turn. Turn performance is unsatisfactory since ship tracks cut
the corner. Performance in leg 2 appears to be as poor as that in
scenario 2.

Statistical comparison of these scenarios in both mean crosstrack
location and standard deviation is shown in Figures 15 and 16. Figure
15 compares performance with high sensitivity ranges in both legs to
that of high sensitivity marking only the first leg, and Figure 16
compares the performance with two low sensitivity ranges to that of one
high and one low sensitivity range marking the same channel.

Pilot performance is similar when comparing trackkeeping segments cf
each leg marked by 1like vange configurations. Therefcre, in leg 1
between data lines 10 to 4, there are no significant differences between
tracks from scenarios 1 and 6 since both are marked by & high

29
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SCENARIO 1

HIGH SENS!T!VITY RANGES IN BOTHW LEGS

TURN AND TURN

LINE = 475 FT LEG 1 MANEUVER

SCENARIO 2
LOW SENSITIVITY RANGES IN BOTH LEGS

T T T T T T i 1 T

1% N33 12 1 00 8 7 1] s v 2 H H ¢ )
R
TURN AND TURN

LINE = 475 FT LEG 1 MANEUVER
SCENARIO 6

HIGH SENSITIVITY RANGE IN LEG 1 AND LOW SENSITIVITY RANGE IN LEG 2

N,HT

s

e e e m e e em e e e e = en m——

/(._.._

1S e 1Y 12 v o109 ] ! 1 L1 L] 3 2 i ¢

e
TURN AND TURN
T DATA LINE = 475 FT LEG 1 MANEUVER

Figure 14, Combined Plots of Piloting Performance with
High, Low, and Mixed Sensitivity Ranges
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sensitivity range. Also, there are no significant differences between
performance in scenarios 2 and 6 ir leg 2, since both are marked by a
low sensitivity vange. Table § shows the maximum crosstrack mean and
standard deviaction values for these scenarios. The only relevant
difference in performznce lies in the preparation and recovery for the
turn.

By comparing the tracks showm by Figure 15 and the turn plots of
Figure 17, it can be seen that the crosstrack information provided by
the high semsitivity range in the first leg does not improve turn
performance. The mean track of scenario 6 is poorer than scenario 2
since it cuts the cornmer and remains close to the left channel boundary
for 2850 feet. The standard deviation was slightly less when making the
turn but was about 25 feet greater through most of leg Z. The higher
sensitivity range in leg 1 does not provide additional turnmaking
information, because it is the outline of the turn, not the centerline
that is important.

The poor performance in the turn shows that when maneuvering, the
pilots placed more emphasis on the range marking leg 2 so the high
sensitivity range in leg 1 does not improve performance in the turn.
Also, it appears that if a lower sensitivity range follows one which had
higher sensitivity, pilots continue to navigate as if the second range
were of a higher sensitivity. This is verified by the fact that in
scenario 6, pilots believed the current did not affect the ship the same
as in the other scenario (with high sensitivity ranges in leg 2). It
appears the pilot's estimate of the ship's position and of the current
were degraded by the low sensitivity ranges, thereby causing a high
dispersion of tracks.

2.5 CONCLUSIONS REGARDING RANGE SENSITIVITY

Range sensitivity determines its effectiveness for finding and
maintaining a track in the middle of the chamnel. A high sensitivity
range is more effective than a low sensitivity range because it allowed
the pilot to identify and compensate for the effects of current. The
high sensitivity range is adequate for trackkeeping on the range axis in
this 500-foot channel. The low sensitivity range is not adequate for
this scenario; however, it could be used to mark a wider channel if the
channel can accommodate a wide distribution of tracks.

Although it is possible for pilots to turn range to range, they
cannot do this and stay inside channel boundaries of a 500-foot
channel. Therefore, for turns of 35 degrees or larger, range light
configurations marking only the channel centerline are not adequate aids
to navigation regardless of sensitivity.
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LOW SENSITIVITY RANGES HIGH TO LOW SENSITIVITY RANGES

HIGH SENSI ll\/"V AANGES

{SCINAHIO 6)

(SCENARIO 2)

{SCENARIO 1)
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Turn Plots for High, Low, and Mixed Sensit

figure 17.




Section 3

PERFORMANCE AS A FUNCTION CF DESIGNATED TRACK

3.1 OGOVERVIEW

Two scenarios, differing omnly bv the instructions given to the pilot
regarding designated track, were developed to evaluate trackkeeping and
maneuvering off the ranges. ©Pilots used high sensitivity ranges that
marked the channel centerline to traasit on the range axis (scenario 1)
and to transit 125 feet to the right of the range axis (scenario 4). It
was found that pilots could not find and maintain the quarterline under
anv crosswind or crosscurrent conditioms. Therefore, ranges are only
effective when the ship is heading directly on the range axis and not
for transit off the centerline.

3.2 EFFECT OF DESIGNATING A QUARTERLINE TRACK VERSUS A CENTERLINE TRACK
ON PILOT PERFORMANCE

Scenario 4, shown by Figure 18, has two high sensitivity ranges
marking the center of the channel and is identical to scenario 1 with
the exception of the instructions to the pilots. While scenario 1
required the pilots to keep the ship heading on the range or on the
centerline, scenario 4 required the pilots to keep the ship 125 feet to
the right of the range or on the right quarterline of the channel., This
scenario was designed to evaluate pilot performance when trackkeeping or
maneuvering off the axis of the range. It was expected that pilots
would experience difficulty finding and maintaining the quarterline so
performance would be Dbetter in scenario 1 when the pilot was
trackkeeping on the range.

Piloting performance for these scenarios is shown by Figure 19.
Comparison of the track envelopes shows performance is equally good in
leg 1 with both means on the designated track and with a small
dispersion between tracks. Performance in the turn is better with the
quarterline scenario; however, it is poorer in leg 2 since the mean
never reaches the quarterline and half the tracks transited outside the
right channel boundary.

Figure 20 statistically compares the crosstrack mean track location
and the standard deviation for both conditioms. FEach mean track should
be compared to its designated track, which is indicated by dashed lines,
rather than to each other since the objective for these is different.
The standard deviation between scenarios, however, can be statistically
compared since this measures the variability between tracks within each
condition. Performance will be discussed by region to identify

difficulties and differences.

Region 1 shows both means are close to their designated tracks with
the dispersion between tracks minimal until the turn is initiated. 1In
this region, pilots can determine quarterline location because they can
reference the initial offser. Since the ship was initialized 92 feet to
the right of the centerline, the pilots only needed to move the ship 33

~)
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Figure 18. Scenario 4: Piloting on the Quarterline
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feet further to the right or approximately one-zhird the distance the
ship was already fZ the range. The ©pilots nad nc difficulty
maintairning this track because the wind and currern: were following anc
had no crosstrack efiect on the ship.

Region 2 shows the turn maneuver was satisfactorily executed when the
pilots transited on the guavterline. It seems tha:z since the ship was
positioned to the right of the chanmel at the time the turn was
initiated, this 1inhibited the pilots from turning too early and
therefore avoided cutting the inside corner. However, once the turn was
completed and the pilots began checking the rudder, the wind and current
set the tracks to the right. This 1s illustrated by FTigure 21.

Throughout leg 2 the gquarterline scenario resulted im unsatisfactory
performance because the mean track was too close to the right channel
boundary and the standard deviation shows some tracks were set as far as
250 feet outside the channel. When pilots were forced to transit on the
quarterline, the usable channel 1is reduced as 1is their margin for
misjudging in a safe region. Table ¢ exemplifies this. As can be seen
in region 3, the maximum mean crosstrack position off the centerline and
the maximum crosstrack standard deviation is smaller for scenario 4 than
scenario 1; however, performance 1is much worse in the quarterline
track. In region 4, performance should improve because wind and current
diminish and no further maneuvering 1is required. This occurs when
pilots trackkeep on the range (scenario 1) but does not exist when they
trackkeep off the range (scenmario 4) because pilots have no reference to
reposition their ship. Also, it becomes more difficult for them to
judge the distance the ship is off the range because as the ship's
alongtrack distance comes closer to the range lights, the vertical angle
between the 1lights widens so the absolute distance is impossible to
assess. A similar conclusion was found in an at-seaz experimentlg
which evaluated the effectiveness of various fixed, floating, and
electronic aids to navigsztion on harbor pilotage. In this experiment it
was found that visual ranges are excellent for defining the absolute
center of the channel; however, when ranges are used: to estimate
absolute distance off the centerline, it is less effective. Therefore,
ranges are not useful for trackkeeping off the centerline.

3.3 CONCLUSIONS REGARDING TRACKING FLEXIBILITY WITH RANGES

Trackkeeping off the range depends on the range sensitivity and the
distance off the range of the intended track. The pilots were able to
make a small maneuver onto the quarterline with a following wind and
current. Performance was poor, however, when pilots had to £find the
quarterline after the turn with the crosswind and crosscurrent.
Therefore, ranges are only effectively used when heading directly on the
axis.

the

19z.8. Cooper and W.R., Bertsche. "An At-Sea CExperiment fo
t Suard,

Comparative Evaluation of Radar Piloting Techniques." U.S. Coas
Washington, D.C., September 1981.
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TABLE S. CROSSTRACK PERFORMANCE DATA FOR
CENTERLINE VERSUS QUARTERLINE TRACKS

Maximum Mean Crosstrack Position
Centerline Track Quarterline Track
Region Scenario 1 Scenario &
1 4R 18R
2 131R 82R
3 128R 113R
4 5R 91R
Maximum Crosstrack Standard Deviation
Centerline Track Quarterline Track
Region Scenario 1 Scenario &4
1 21 25
2 170 107
3 160 134
4 39 138
R = right of centerline
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Section &4

PERFORMANCE AS A FUNCTION OF TURN ANGLE

4.1 OVERVIEW

Pilot performance with a 15-degree turn and a 35-degree turn were
compared to analyvze differences resulting from an easy anéd a difficult
turn in a channel marked by ranges only. It was found that ranges are
useful for turning in only the most restricted circumstances with a very
low turn angle and with a high sensitivity range. The angle of the turm
has an effect in turn and recovery; low angle turns are possible with
ranges and by extension wide cutoff turns are probably possible. Ranges
are not adequate for turning with any degree of severiry.

4.2 EFFECT OF A LOW TURN ANGLE VERSUSE A HIGHE TURN ANGLE ON PILOT
PERFORMANCE WHEN USING HIGH SENSITIVITY RANGES

Scenario 5, shown by Figure 22, has two high sensitivity ranges
marking the centerline of the straight legs and a 15-degree bend joining
them. Other than turn angle, this scenario is identical to the baseline
scenario (scenario 1). Although the wind and current is the same, their
effect is milder since the 15-degree bend is less abrupt so wind and
current in leg 2 are closer to following. This differeace 1is
appropriate for the experiment since turn performance from range to
range can be analyzed with a difficult and easy turm.

Figure 23 compares piloting performance for a 15-degree turn to that
of a 35-degree turn and 1illustrates that under certain restricted
conditions, it 1is possible to successfully turn on ranges which mark
straight legs. When questioned, pilots believed this scenario was
easiest because a 15-degree turn was more forgiving since it was less
severe than the 35-degree turn. Pilot opinion was mixed regarding if
buoys were necessary to mark the turn with half believing they were and
half believing they were not. Pilot's technique for transiting through
the turn was to use less rudder for a shorter time since the smaller
course change in the second leg was affected less by current.

Figure 24 which statistically compares the mean and standaxd
deviation of these conditions shows pilot performance was superior with
the 15-degree turn in all areas except region 1 where performance was
identical and excellent. For the 15-degree turn, region 2 contained a
mean slightly to the inside but within channel boundaries and a verv
narrow standard deviation. Table 10 compares crosstrack performance
data and shows the amount the mean track was displaced from the
centerline and that the amount of variability between tracks was
significantly less with the 15-degree turn than the 35-degree turn.
Since the second range for the 15-degree turn was positioned only
slightly to the left of the first range, pilots tended to start the turn
closer to the axis of the second range, that is, waited longer before
starting to turn. This positioned the ship closer to the centerline and
since t