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1.0 INTRODUCTION

Throughout the United States the shorelines along wvaterways and harbors
are polluted with lights of every description. This pollution forms an intrusive
background against which navigational aids must be observed. It has made the
recognition of channels marked by lighted buoys or structnres extremely difficult,

In order to improve the identification of straight lighted channels, a
psychophysical experiment was designed using a Channel Lighted Buoy Model (CLBM).
The CLBM presents, in small scale, the appearance of lighted aids marking a
channel by displaying lights whose position, color, and flash characteristics
may be altered (see Figure 1). In the experiment observers simultaneously viewed
two situations on the CLBM and stated their preference. Two methods of lighting
were examined by thirty test observers: time regulaced flashing (tempcvral
method) and color flashing (chromatic method). Within the terporal method,
simultaneous, sequential and random flashes were displayed. The chromatic methoa
demonstrated color flashes in various combinations of white, red and green. When
testing the color flashing methed, the random lighting system was used. When
testing the time regulated :ilashing method, the cclor white was always emplnyed.
No intercomparigsor between the temporal and chromatic methods were attempted.

The data for the paired comparisen observations were reduced to show the relation
preferences in the two methods. Finally, some conclusions are drawn concerning
the possible future for innovations in navigational channel lighting.

2.0 METHOD

A straight chamnel model consisting of three pairs of equally spaced buoys
(Fig. 2) was used to evaluate sets of temporal and chromati¢ lighting methods.
These methods were evaluated against dark and lighted backgrounds.,

The temporal methods evaluvated were: simultancous (SIM) flashing,
sequential (8) flashing, random (R) flashing, and the combination of random-
- sequential and rondom-siwultaneous {R=-8 oad R-SIM). In the simultancous method,
 all lights in the chaanel flashed a. the same instant, In the sequential wmethod,
the lights flashed in sequence by pairs down the channel, away from the observer
(Fig. 3). ‘In the random mothod, ecach buoy displayed a cousistent characteristic
controlled by its own timing device, indepeadent of all other lights. When
using the randem-gequential aund random-simultaneous flashes, the left side of
thie channel flashed 1a the random method while the vight side flashed in the
- sequeantial or simuitanevus method. Table 1 gives the specific details concorning
the vemporal flashing wethods, - '

The four chromatic wethods evaluated wore:

1. ALl lights displayed a flashing white light.

2,  Chamel lights on the right-side displayed flasbing red while the

- lefe-gide displayed a Flashing white .

3. The lefr-side lights flashed green and the right-side flashed white,
4, Green lights Flashed on the left side and red flushed on the right,
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TABLE 1

Temporal Characteristics of the S, SIM,
and R Methods Used in the Experimental Evaluation

Sequential Simultaneous Random
Flagh Duration*® 0.4 sec. 0.4 0.4
Eclipse Time¥ 3.3 sec. 4.6 3.6
Duty Cycle* 10.8% 8¢ 10z
Intersequence Internalt 0.0 sec.
Sequence Off Time* 2.5 sec.

%*Represents characteristics of imdividual lights
¥Represents characteristics of an ordered method
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All lights in the four chromatic methods displayed the same 0.4 second
flash with a 3.5 second eclipse. Color flashings were cperated in the random
temporal method., All methods had a duty cycle of approximately 10%, thus
eliminating the affects of battery life from the evaluatiom.

The experimental procedure for gathering evaluation data used a forced-
choice technique in the Method of Paired Comparison. Using this decision analysis
technique, an observer viewed displays on the Channel lighted Buoy Model which
showed lighting situations oun two identical straight 6-buoy chaannels (Fig. 4).
While watching 2 different lighting situations simultaneously, the viewer made
a forced choice decisivn as to the best system for marking the chanmel.

Before an experimental session began, each observer acquired a knowledge
of the channel configuration and the number of buoys marking the channel.

Observers were given detailed, tape recorded instructioms to ensure
identical briefing., After being told he should select the best lighting method,
the observer was allowed to set his own standard of preferer... Observation
time was unlimited. Immediately fcllowing his selection, th. observer was
allowed to rest while the experimenter prepared the next display. This procedure
continued until the observer had viewed sixteen displays, ten with the regulated
time flashing methods and six with the color flashing method (Tabie 2). No
intercomparison between temporal and chromatic methods were made. Both lighted ;
and dark backgrounds were used in the displays: seventeen observers viewed
lighted backgrounds (Tables 3 and 6), thirteen observers viewed the dark back-
grounds (Tables 4 and 7). The viewers® choices were recorded and totaled upon ' i
completion of the experiment (Tables 5 and 8). ;

The lighted background consisted of a backlighted diffusing panel behind a
black perforated fiber board sheet. The perforation was patterned after a slide
of dense background lighting in Baltimore Harbor. Thus, the background was
essentially a horizontal band of light with some vertical excursions {ie. bridges
and buildings), predominately white in color with some green, red, and blue.

i The modules were adjusted visually for equal intensity of white and colored

lights. The closest lights in each displav were slightlv more intense than the
backgrounda while the last four lights in each channel definately appeared less intense

than the background. r
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Method Displayed on
Right Chamnel
(For Mixed Methods)
(Left Side - Right Side)

Method Displayed on
Left Channel
(For Mixed Methods)
(Left Side - Right Side)

R-~S R

SIM

(In displays R
1-10 all

lights displayed

a white flash)

(In displays
11-16 all

lights flashed in
the random :
temporal method)

R-Random; S-Sequential; SIM=-Simultaneous; R-S,~Random-Sequential;
R-SIM,~Random-Simultaneous; W-White; G~W,-Green-White; W-R,~White-Red;

G-R,-Green-Red
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3.0 DATA ANALYSIS

By using the classical Method of Paired Comparison, data reduction
techniques(253) vesulted in scale values for the stimuli observed. These
techniques were used to obtain values for both the temporal and chromatic
lighting methods (Tables 3 ‘through 8).

The gcale values obtained are a measure of observer preference for-the.
lighting methods. These scale values should not be misunderstocd. They provide i
no measure of an absolute value of observer preference, but rather a relative
value of observer preference between two situations. They locate the response
to a stimulus on a psychological continuum relative to the response for all |
other stimuii tested. The =eparation between two scale values, or the scale _ J
difference, is a measure of obscrver preference for one stimulus over the other.
In the case of the temporal and chromatic lighting methods the scale value of

the most preferred method was equated to 100 and the scale value of the least
preferved was equated to 0.

S R AR T AT TR R R,

The average variabilities in the data obtained, enabled calculation of the {
minimum significant zcale separation (MSS) for each scale 2,4). These minimum ]
significant scale separations are presented in each of Tables 3 through 8.
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TABLE 3

Scale Values for the Temporal Methods Evaluated
Against a Lighted sackground by 17 Observers

Lighting Method Scale Value (0-100)

Sequential €)) 10
Simulitaneous {SIM) 7
Random-Sequential (R-S)

Random-Simultaneous (R-SIM)

Random (R)

Minimum Significant Separation = 12.8

TABLE 4

Scale Values for the Temporal Methods Evaluated
Against a Dark Background by 13 Observers

Scale Value (0~-100)

Lighting Method

Sequential (s) : 100.0
Simultaneous (SIM) - 49,3
Random-Sequential  (R-S) 11.3
Random-Simultaneous (R-SIM) 6.0
Random (R) 0.0

Minimum Significant Separation = 7.7
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TABLE 5
Scale Values for the Temporal Methods Evaluated
Against Both Backgrounds vy 30 Observers

Lighting Method Scale Values (0~100)
Sequential €)) : 160.0
Simultaneous (SIM) - 69.4
Random-Sequential  (R-S) - ‘ 9.1
Random-Simultaneous {(R-5IM) 5.0
Randon (R} 0.0

Minimuw Significant Separstion = 10.4
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TABLE 6

Scale Values for the Chromatic Methods Evaluated
Against a Lighted Background for 17 Observers

Lighting Method

White-Red (W&}
Green-Red  (GR)
Green-White (GW)
White W)

Scale Values (0-100)

100.0
82.5
14.3

0.0

Minimum Significant Sepavation = 9.7

TABLE 7

Scale Values for the Chromatic Methods Evaluated
Against a Dark Background for 13 Observers

tipht i Method

Grégn-Pag . (CR)
Walretted  (WR)
MWhise™ (W)

- Groen-Whive (CW)

c1

Mindma Significant

12

Scale Values (0-100)

100.0
96,0
167
0.0

Saparanieh’n 12,1
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TABLE 8

Scale Values for the Chromatic Methods Evaluated
Against Both Backgrounds for 30 Observers

Lighting Method Scale Value (0-100)

White~-Red (WR) 100
Green~Rad  (GR) 87
1
0

TS T AT 8 R o 1,

Green-White (GW)
White W)
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Minimum Significant Separation = il.5
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4.0 RESULTS

The separations between the least beneficial ordered method (SIM) and
the most beneficial aon-ordered method (R-5) are 65.8 and 38.0 for lighted and
dark backgrounds respectively. Since the minimum significant separations (MSS)
for the lighted and dark backgrounds are 12.8 and 7.7 respectively, it ia
apparent that a significant benefit is obtained by the use of ordered timing
for both backgrounds. Since all methods containing random timing are grouped
within the MSS for the lighted background, they must, within the limits of this
experiment, be considered equivalent. For the dark background there exists a
separation between R and R~§ which is greater than MSS but relatively small.

There exists for both backgrounds a significant scale geparation between
the sequential and simultaneous methods of coding, 25.2 in the case of a lighted
background and 50.7 for a dark background., These scale separations imdicate the
sequential method is the more preferred under these test conditions. A
condition, where both the flash length and the eclipse length of the simultaneous
method were reduced to produce a duty cycle more nearly equal to that of the-
gsequential method, ecould change the results. More experimentaticn would be

- required to optimize the arlous parvameters, but it is evident that the oxdered
wethaods are superior to the unordeved.

Data foy the chromatic methods indicate a two color system with latexal
significance is advantageous. From the scales of Tables 6 and 7, it can be seen
that the red-green and white-red methods are selected “bhest™ by a majority of

 the observers. The M$S's are 9.7 and 12,1 for the lighted and dark backgrounds
vespactively, For the lighted background, the white-red method is £ixst oun the
geale with & significant sepavation of 17.5 over the vedegreen method. For the
~ dark bdackground, the two msthods ave within the M55 and ave cquivalent within
- che expevimontal limits,  The white and white-preen nothody’ findsh low on both
“seales.  There does not appear to be apy advantage to tha greea lights tested,
- Thiase grean lights appear visually as dn unciturated green vesembling that
-obtained from a higu trausmictance greeu fileav previuusiy used on wirioe signai
'=lsn$arna. , , T .

5,0- LORLLUSIO\S

_ ‘Within tha ubviaus 1im:natians of a r@lasivélv ghort oxporisent, the
advantage of synchyonizing or sequencing chaanel Iighes has been shown. An
extenrive evaluation of these two methods would bo required to fdentify the
optinun mothod. The offect of the divestion of aequéﬁtiﬁg must be studied to
detovuine how this dirvection may offect an observer's preference. The advantage
of & two ecolor svstuenm has bheea shown. 1t may be inferred that a3 owo nelor gystem
-uxch ordéred togporal codlng could offer an even groater advantase. :
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