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1. INTRODUCTION

Leading lines have been part of Marine Aids to Navigation (AtoN) for a long time. A leading line is a straight line
produced by the alignment of two fixed AtoN used to mark straight sections of fairways or channels. It is common
practice to guide ships along narrow fairways by means of leading lines or a series of leading lines in succession,
the useful segments of which form a continuous series of straight lines.

Figure 1 shows the situation where the ship has deviated left from the leading line, indicated by the rear mark
being seen left from the front one. The ship is on the leading line when the leading marks are vertically aligned, as
seen on the Figure 2.

/ ,
Channel Edge V4 / I]
Vessel /
O > 7/ Rear Leading Mark II
_____ ____________,L-_____ —

Leading Line _/ Front Leading Mark

Figure 1  Geometry of a leading line and appearance of the leading marks for an observer left of
leading line

/ r
/ / [I

/ Rear Leading Mark l]
@ ______________________ D — = —. 5

_/ Front Leading Mark

—_—

Figure 2  Geometry of a leading line and appearance of the leading marks for an observer on leading
line

The AtoN producing a leading line can be daymarks or lights or consist of both and are called leading marks. The
leading mark nearer to the mariner is called “front leading mark”, and the one further and seen behind the front
leading mark is called “rear leading mark”.

Navigation along a leading line takes place within the area where the leading marks are perceived being vertically
aligned. This area has a curvilinear, tapered form that widens towards the far end of the useful segment, see Figure
3. Its boundaries are defined by the positions at which a deviation y from the leading line results in the bearing
difference 0 at which the navigator detects misalignment. As the distance from the leading marks increases, a
larger lateral deviation is required before the misalighment becomes detectable.
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Figure 3  The area where leading marks are perceived being vertically aligned

The part of the leading line intended for navigating is called the “useful segment” of the leading line, see Figure 4.
The end of a useful segment closer to the front leading mark is called the “near end”, and the end further from
the front leading mark is called the “far end” of the useful segment.

To safely reach a leading line, the mariner must be able to see the leading marks (or at least one of them) while
approaching the useful segment of it from the seaward or from the previous leg of the fairway. This approaching
area required for safely “acquiring” the leading line is referred to as the “acquisition region”, see Figure 4.
Considerations on determining the limits of the acquisition region are covered in the Section 5.1.

When using a leading line, the determination of the “usable width of a channel” or the position of the line to be
marked in a natural channel for each particular case requires considering not only the accuracy (sensitivity) of the
leading line, but also different 'nautical margins', such as those resulting from the breadth of ships, the space
required for vessels to pass each other, the drift angle in case of transverse winds and currents, uncertainties
resulting from inaccuracies in hydrographic surveys or possible changes in the sea bottom since the last survey,
etc. From the designer’s point of view, some of these are rather part of a fairway/channel design, but it may be
possible to account for some of these margins also in the design of the leading line.

2. PURPOSE

The purpose of this document is to provide guidance on the principles of leading lines and the calculation used in
their design.

Additional guidance on marking fairways with AtoNs, including leading lines, is provided in Guideline G1078 The
Use of AtoN in the Design of Fairways [8].

3. DEFINITIONS AND PARAMETERS

The design of a leading line consists of determining:

e Geometric parameters and the layout of the leading line;
e Luminous intensity of the lights;

e Dimensions of the daymarks.

The performance of a leading line can only be guaranteed when all parameters work together. Therefore,
extensive and iterative calculations are usually necessary.

Variables required for the design of a leading line are described in this section. The channel is idealized to a
horizontal rectangle, which is symmetrical about the centreline, see Figure 4.

The front leading mark or light is abbreviated FL, and the rear leading mark is abbreviated RL.
S| Standard units are used:

e Lengths and heights in metres [m]

Guideline G1023 Design of Leading Lines
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e [lluminance in lux [Ix]
e Luminous intensity in candelas [cd])

e Angles are in radians, unless otherwise stated. In many cases, the angles are small, and therefore some
approximations are valid (@, qgians = Sina = tana and cosa = 1).

Other units used: Nautical mile (M) [1 M = 1852 m]

All dimensions are written with their units explicitly indicated. For example, instead of writing e*, x is divided by
one unit of distance e*/%U, so that the exponent becomes a plain number containing no units, since functions like
e* work only with numbers, not with distances expressed in metres or nautical miles. This means the same

equation works whether x is given in metres or in nautical miles: 1000 ™/1M — »1000m/1852m — o054 M/1M _

60'54.

This is done for distance with a unit factor dy = 1 M = 1852 m, height hy = 1 m and illuminance E; = 1 Ix.

For all equations, Sl units are used unless stated otherwise.

3.1. GEOMETRY, PLAN VIEW

L
- c ——— ., R -
Aquisition L I N
region
Front Leading Rear Leading
e -== Mark Mark
Channel Width w Channel

Figure 4  Parameters of leading line in plan view

o ( Length of useful segment
e L Distance from front leading mark to far end of useful segment (L = C + M)
e M  Distance from front leading mark to near end of useful segment
e R Distance between leading marks
e IW  Channel width
Vessel
‘ E{:;lkt Leading I]}qeaili( Leading
Figure 5 Parameters of observation in plan view
e X Distance of observer (vessel) from front tower (parallel to leading line)
o y Off-axis distance of observer (perpendicular to leading line)
e 0 Bearing difference (horizontal angular difference between front and rear light)
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3.2. GEOMETRY, SIDE VIEW

In this Guideline, the height of the observer on the vessel H,, is referenced to either mean high water (MHW) or
mean low water (MLW) level at the vessel’s locations along the useful segment, depending on the parameter
calculated. All other heights are referenced to MHW. Mean sea level (MSL) can be used in place of MHW or MLW
when the mean tidal range (MTR) is small or zero (MTR < 0.3 m).

observer e T - -

= =

]
!
!
:
L3,

—~—

Horizontal {tangent plane)

Figure 6  Parameters on leading line and observation in side view (vertical plane)

: DRI—

I

FL

N D HRL

I-FDM
HFL
Hshawjk

—  Mean High Water (MHW) 3
/ MTR
\

Mean Low Water (MLW)

Figure 7  Heights of lights and daymarks

e H, Height of observer (on vessel) above MHW or MLW, depending on the parameter
calculated.

e Hp Height of front light above MHW or MSL

e Hp; Height of rear light above MHW or MSL

e Huow Safe height above water

o Lrpy Vertical length of the front daymark

e Lppm Vertical length of the rear daymark

e MHW Mean high water

e MLW Mean low water

e MSL Mean sea level

e MTR Mean tidal range

Guideline G1023 Design of Leading Lines
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o Zpp Height of the part of front leading mark obscured by the horizon
e ZpL Height of the part of rear leading mark obscured by the horizon
e y Vertical difference angle between front and rear light

3.3. GENERAL OVERVIEW OF DESIGN PROCESS

Throughout the leading line design process, the designer will calculate minimum and maximum values for
parameters such as heights and luminous intensity, which set the range of viable solutions. These minimum and
maximum calculations will then lead to recommended value calculations. Once a recommended value is obtained,
then a design value is selected. The design or selected value may be the recommended value or another value
between the minimum and maximum values. The calculations provide a specific recommended value that may
not be practical, prudent, or cost effective in constructing the leading line. For example, the recommended height
of the front leading mark may be 4.2 m. Instead of using the recommended value, the designer may select a front
leading mark height of 5 m, which is a standard tower design in their country. As design value are chosen, the
calculations are completed with the design values to check that the leading line works in the optimal way.
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Iterative Leading Line Design Cycle
Determine Tower Calculate Max & Min
Design Inputs Positions Luminous Intensities
R — :

Select Design Luminous Intensities

v

Calculate Vertical Difference Angle

v

Calculate Minimum Vertical Difference Angle

y

Calculate Horizontal Difference Angles to Evaluate Sensitivity

|

Calculate Geographic Range

|

Calculate Front and Rear Mark Heights

;

Calculate Daymark Size

Does design
provide a suitable
signal?

Adjust
Parameters to
Improve Design

z
=]
h 4

YES

Does
design consider
practical
factors?

VES _/ Leading Light
' "\_Design Finished

Figure 8 Iterative cycle of designing of leading line

3.4. PARAMETERS FOR LUMINOUS INTENSITY CALCULATIONS

Detailed information on calculations of luminous intensity needed for the design of leading lights can be found in
Guideline G1148 Determination of Required Luminous Intensity for Marine Signal Lights [1]. Based on this
guideline the parameters described below must be determined in the calculation of leading lights.

o [Ep Illuminance at the eye of the observer produced by the front light
e Fp; Illuminance at the eye of the observer produced by the rear light
e E.in Required minimum illuminance at the eye of the observer

The minimum illuminance at the observer’s eye required for observing of the leading lights in the useful segment
depends on the luminance of the background against which the lights are viewed. E,,;, = 107 Ix is used for
situations without background lighting, E,,;, = 2+ 1076 Ix for minor and E,,;, = 21075 Ix for substantial
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background lighting. For a daytime light the required illuminance is E,,;;;, = 1073 Ix. In acquisition region E,,;;, =
21077 Ix is sufficient for situations without background lighting.

e Enax Allowed maximum illuminance at the eye of the observer

Value of the allowed maximum illuminance at the eye of the observer is needed to avoid glare. E,,,, = 0.01 lx
is used for situations without background lighting, E,,,,, = 0.1 Lx with background lighting. It is very unlikely to
cause glare with daytime lights, so there is no need to check for this and no maximum value for the illuminance is
defined for daytime lights.

e Ip Luminous intensity of the front light
o Ip Luminous intensity of the rear light
o Voin Minimum Meteorological Visibility

The minimum meteorological visibility should be selected by the designer based on the worst visibility
conditions under which the leading lights must be usable, navigational requirements, practical limitations, etc.
For guidance in selecting the optimal value for minimum meteorological visibility please refer to Guideline
G1148.

Vasg Design Meteorological Visibility

Design visibility is used to establish the recommended ratio of luminous intensities of the front and the rear light.
As a practical consideration, use of a fixed value V5, = 10 M = 18 520 m is recommended.

Vinax Maximum Meteorological Visibility

The potential for glare produced by the lights is calculated with the maximum meteorological visibility. Typically,
Vinax = 20 M = 37 040 m is chosen.

4. DESIGN EQUATIONS

4.1. POSITION OF LEADING MARKS
As a starting point, input values for the dimensions (C, W) of the rectangular useful segment must be defined.

When the locations of the leading marks are not prescribed by geographical or other restrictions the following
formulas can be used for initial determination of their positions in relation to the channel to be marked.

Distance from the near end to the front leading marks:

c
Minitiar =5=0.2-C (1)
Distance between the leading marks:
(M+C) L
Rinitial = = oo (2)
meat = 11000+w /(3.4 (M+C))-1] [(1‘;04°L"V)_1]

For the calculation of the initial value of R;y;tiq; the formula assumes that the observer is able to detect deviation
from leading line at the distance y; = 0.1 - W from leading line at the far end of the useful segment, which means
the cross track factor (CTF) is 20%, inferring a ‘very good’ leading line, see Erreur ! Source du renvoi introuvable.
in Section Erreur ! Source du renvoi introuvable.Erreur ! Source du renvoi introuvable.. Furthermore, it assumes
that the elevation difference at this positionisy = 1.5+ 1073 rad (= 5’) and the bearing difference is 8 = 0.34 -
1073 rad (= 1').

4.2, LUMINOUS INTENSITY

Calculation of intensity of lights needs the input of a distance x, a visibility V and an illuminance E at the eye of
the observer and is calculated by the Allard’s Law as follows:

Guideline G1023 Design of Leading Lines
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| =E-x%2-0.05*V (3)

When the intensity is known, the illuminance at the eye of the observer is:

E=1-x"2-0.05%V (4)

4.2.1. MINIMUM LUMINOUS INTENSITY

The required minimum intensity of the front and rear lights is calculated for the selected minimum meteorological
visibility (worst practicable atmospheric condition) and required minimum illuminance at the eye of the observer
for both front and rear lights at the far end of the useful segment. The minimum luminous intensity should be
calculated for night and for day, if the lights are also to be used during daylight. Principles of selection of V,,;,, and
E,.in to equations 5 and 6 can be found in Section 3.4.

Minimum intensity of the front light:

Irtmin = Emin = (M + €)% ¥ 0.05~(M+O/Vinin (5)

Minimum intensity of the rear light:

Ipumin = Emin - (R + M + C)? % 0.05~ RHM+C)/Vimin (6)
Where:
Epin required minimum illuminance at the eye of the observer;
Vinin minimum meteorological visibility;
M+ C distance from far end of the useful segment to the front leading mark;
R+ M+ C distance from far end of the useful segment to the rear leading mark.
4.2.2. MAXIMUM LUMINOUS INTENSITY

To avoid glare, the luminous intensity should not exceed a certain maximum value. The maximum allowed
intensity is calculated for both front and rear lights at the near end of the useful segment. Principles of selection
of Vipax and Ep, 4 to equations 7 and 8 can be found in Section 3.4.

Maximum intensity of the front light:

IFL,max = Emax M? - 0.05~M/Vimax (7)
Maximum intensity of the rear light:
Irtmax = Emax * (R + M)? - 0.05~R+M)/Vmax (8)
Where:
Emax allowed maximum illuminance at the eye of the observer;
Vinax maximum meteorological visibility;
M distance from near end of the useful segment to front light;
R+ M distance from near end of the useful segment to rear light.
4.2.3. DESIGN LUMINOUS INTENSITY OF FRONT LIGHT

The designer of the leading line may choose any intensity for the front light (g, 454) between the minimum and
the maximum value. Most commonly the minimum luminous intensity is selected.
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4.2.4. DESIGN LuMINOUS INTENSITY OF REAR LIGHT

The illuminances at the eye of the observer provided by the two leading lights within the useful segment should
be as equal as possible. Therefore, the ratio of the intensities is used to determine the design intensity of the rear
light based on the design intensity of the front light. Allard’s law and the ideal ratio are used to determine the
design luminous intensity of the rear light.

The illuminance values for the lights at the design visibility V-

EFL = IFL - x_z " 0.05x/Vng (9)
Egy = Ip, - (R 4 x)72 % 0.05(R*¥)/Vasg (10)
The ratio of illuminances is:

Ep, Iy, (R+2)?  0.05Yass Iy (R +x)?
Ep,  Iny x? 0.05R+)/Vasg — Ip, x?

+0.057R/Vasg
The ideal ratio of the illuminances is equal to one, i.e., ? = 1. Ratio of the intensities r giving this ratio of
RL
illuminances at the distance x:
Iy, (R+x)?2  0.05%/Vasg (R + x)?
r=-—= . =

— — . -R/Vg4
) x? 0.05(R+x)/Vasg x2 0.05 v

However, the ratio depends on the observer's distance from the (front) light x. Since the ideal ratio can only be

. . . 1
achieved at one location along the useful segment, it is recommended that the ratlolﬂ be calculated at least
FL

twice, first for a position in the middle of the channel and secondly for a position at the far end.

These ratios are evaluated to determine the recommended ratio from which the rear light design luminous
intensity is calculated. It is generally preferred to set the ratio to 1 at the far end to provide the best signal to the
mariner in the acquisition region. The following factors should also be considered in setting the ratio of
illuminances and the corresponding selection of the rear light design luminous intensity:

e Forlonger leading lines, it may be necessary to set the ratio of illuminances to 1 at, or closer to, the middle
of the useful segment to avoid glare or blurring of the lights at the near end.

e As per Recommendation R0112 on Leading Lights, December 2005 [1], under favourable circumstances, the
ratio of illuminances may be permitted to vary between 0.5 and 2.0. This ratio may sometimes deviate
substantially from 1 ranging from 0.1 to 10 or even from 0.01 to 100 in special cases, for instance when an
existing light is used as a part of new leading lights or when the distance between the lights is large
compared to the maximum distance to the front light. This necessitates increasing the minimum values of
the elevation difference to avoid blurring of lights and affects the sensitivity slightly, but the leading line
remains usable.

In the IALA leading lines spreadsheet, the ratio of illuminances is calculated for every 10% increment of the useful
segment length.

The distance from the middle of the useful segment to the front light (FL) is:  Xg pig = M + g

The distance to the rear light (RL) is:  Xgpmig =R+ M +g
With these equations the ratio r becomes:

2
0.05XFLmia/Vasg  (R+M+S)

2
_ IRy _ XRLmid
= = : = 2
IFy, XFL,midz O'OSXRL,de/Vng (M+£)
2

- 0.05"R/Vasg (11)

Tmid
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The distance from the far end of the useful segment to the front light (FL) is:  Xp o =M + C
The distance to the rear light (RL)is:  Xgy far =R+ M +C
With these the ratio of intensities becomes:

_IrL _ XFL.fa'r‘2 . O.OSXRL'faT/VdSQ _ (M+C)?

= = — . R/Vdsg
rfar IR XRL,faTZ O_OSXFL,faT/Vng (R+M+C)2 0.05 (12)

To avoid excessively large brightness differences that would reduce the alignment performance of the leading
lights and to maintain near-equal illuminances around the midpoint of the useful segment, the ratio between the
luminous intensities of front and rear light is then selected as follows:

I : 2
r === mint {rml-d,—} (13)
Tfar

And the design luminous intensity of the rear light, Ig; 454 :

IRL,dsg =r: IFL,dsg (14)

During daylight the luminous intensity of a light needs to be orders of magnitude higher than at nighttime. This
may result in complex and expensive lighting systems with higher power consumption. Therefore, it is assumed
that the design luminous intensity of daytime lights is the minimum luminous intensity.

4.3. VERTICAL DIFFERENCE ANGLE

It is essential that the navigator perceives a vertical separation between the front and rear leading lights at all
points along the useful segment of a leading line. The vertical angle (yg;, Yr.) refers to the angle between a light
and the observer’s horizontal plane. The vertical difference angle y is the difference between the vertical angles
of the front and rear lights as seen from the observer’s position. This angle plays a critical role in the correct design
of a leading line, as it affects the mariner’s ability to distinguish the two lights. Vertical difference angle is
calculated at Mean Low Water (MLW), since this condition typically results in the smallest vertical separation,
which can challenge visibility and recognition of the leading line.

Equations 15 to 16 below are derived with reference to Erreur ! Source du renvoi introuvable., which illustrates
the geometric relationships involved.

;{ YFE‘—’/’-——"—'—_’__,_—‘%L_
observer P = oo . Y_‘—JH
I e )T____K__é__ ‘RL )] L

Hv ,M HFL I_|RL
MHW 0 D o .
4 1572
2y
MLW____ e e g /1 /ZRL
= - 4
> NITR, 9175
\\/4/ //’/

Figure 9  Vertical difference angle y

1 “min” means the smaller of the two values.
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The vertical angles are:

_ _ Hpy—Zp +MTR-H,
YrL ® tanyp, =

(15)

X

- _ HRp—Zr,+MTR—H,
YrL = laNygy = TR

(16)

At longer distances, the apparent height of a light above the horizon is reduced by the part Z of the leading mark
that is obscured by the horizon. The value of Z depends on the distance x between the observer and the light.

Zp = - X2 (17)
Zp, =~ a (x + R)? (18)

where ¢ = 6.75-1078m™1.

The vertical difference angle vy is then:

_ Hry,—ZRry,—Hy+MTR Hgp—Zg,—Hy+MTR

Y =YRL ~ YFL = R " >
__ Hpp—a(x+R)2—Hy+MTR HFL—o(-xz—HV+MTR9
Y= x+R X
Hgrp—Hy+MTR  Hpp—H,+MTR
,y — RL v _ FL v —a- R (19)

X+R X
where @ = 6.75-10"8m™1.

The vertical difference angle will vary in practical use based on the current sea level, the observer’s height and the
distance.

4.4. MINIMUM VERTICAL DIFFERENCE ANGLE

For a leading line to be usable, the leading lights must appear vertically separated to the navigator, with the rear
light clearly visible above the front light, allowing deviations from the line to be easily detected. There is a
minimum value y,,,;» for the vertical difference angle, at which the lights are very close but can still be clearly seen
as two separated lights.

The required minimum vertical difference angle y,in between the lights depends on the illuminance at the eye of
the observer generated by the lights. In general, all maritime signal lights are seen under angles smaller than the
angular resolution of the human eye (approx. 1’ = 0.291 - 10~3rad). However, the lights appear larger or smaller
for the observer's eye according to their brightness. This effect is known from astronomy as the 'apparent
magnitude (of a star)".

Figure 10 ‘Apparent magnitude of front and rear light'

To account for that effect and calculate the minimum required vertical difference angle for separation of lights
Ymin, the luminous intensity of front and rear light must be selected.
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e design luminous intensity of the front light (FL): Iy 454
e design luminous intensity of the rear light (RL): Iy 45g

As the worst-case scenario giving the largest 'apparent magnitude', the illuminance at the eye of the observer is
then calculated for very good viewing conditions (V;,,,, = 20 M). This is done for several equally spaced positions
along the channel.

e illuminance from FL:

EFL — IFL,ng . x—z . O.OSX/Vmax (20)

e jlluminance from RL:

Epy = Ippasg - (x + R)72 - 0.05%+R)/ Vmax (21)

The minimum required difference angle is then:

Ymin = [2.4 —0.06 - [log(Eg/Er)| + 0.26 - |log(Eg/Er,)|* +

N
log E—U . (0.2 —0.02 - |log(Eg,/Epy)| — 0.02 - |log(ERL/EFL)|2)] -10~3rad (22)
Where:
Bt = {maxZ{EFL,ERL} for nighttime
max{Eg;, Eg,}/10000 for daytime’
EU = 1 lx.

Generally, @ ¥, less than 1.5 - 1073 rad (= 5') leads to blurring and should be avoided.

4.5. HORIZONTAL DIFFERENCE ANGLE AND OFF-AXIS DISTANCE

The horizontal angle describes the horizontal angle between the direction to a leading mark from the observer
and a line parallel to the leading line. The horizontal difference angle 8 is the horizontal angle between front and
rear leading mark seen from the observer. The horizontal difference angle is calculated as the difference between
the horizontal angles of the front and rear mark, and it depends on distance from the leading marks and the lateral
distance of the vessel from the leading line.

The equations necessary for the calculations are derived from Erreur ! Source du renvoi introuvable..

Front Tower Rear Tower

Figure 11 Horizontal angles and horizontal difference angle (6)

The horizontal angles are:

HFL =~ tan HFL = X
X

2 “max” means the larger of the two values
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y
0. ~tanB, = ———
RL anbpy X+ R

The horizontal difference angle 8 is then:

= — —Y_ ¥y __YR

0= QFL GRL T x  x+R x-(x+R) (23)
The distance from the leading line or off-axis distance y when the horizontal difference angle is 8 is calculated as
follows:

. xx(R+x)

y=0-—,

=9-x-(1+%) (24)

4.6. SENSITIVITY OF A LEADING LINE

Sensitivity of a leading line is described by the magnitude of deviation from the leading line needed for an observer
to detect with certainty that the lights are not vertically aligned. Off-axis distance shows absolute sensitivity as a
deviation in meters, while cross-track factor described in the next section shows relative sensitivity. Smaller
deviation at the moment of detection means higher sensitivity and larger deviation means lower sensitivity.

Sensitivity of a leading line depends mostly on the distance between the leading marks — with greater distance
between the marks, smaller deviations become detectable, meaning a higher sensitivity. To a smaller extent,
sensitivity of a leading line is impacted by the elevation difference of the leading marks as well as illumination
created by the leading lights at the observer’s eye. To a certain limit, the closer the leading marks appear to each
other vertically the higher the sensitivity, however, larger illuminance values need larger vertical separation
between the lights, as explained in the Section 4.4.

TITTTTTTT

/
/\"/\—/\/\—/\—/\—/\—M./\_/\_/\

Figure 12 Bearing and elevation difference

Detection of deviation from the leading line occurs when the horizontal angular separation between the leading
lights, expressed as the bearing difference 6, exceeds a certain value. This critical bearing difference 6, at
detection of being off the leading line, derived from the vertical difference angle y between the lights, is calculated
using the following formulae:

0q = max{6'y,0';} (25)
Where:
o — {0.16 10734 0.12 %y fory<5-1073rad
17 1031-10734+0.09%y for 5-1073 <y <20-103rad’
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0, = 0.224 * Ypin (see Section 5.4).

Before calculating critical bearing difference 64, vertical difference angle y must calculated at MHW using the
equations below:

_ Hri—Zgpi.—Hy  Hp—ZpL—Hy N

Y =YRL T YFL = R .
_ Hpp—a:(x+R)2-Hy HFL—oon—HVe
Y= x+R X
_ HpL—Hy, Hfpr—Hy
y - X+R - X -a R (26)

where ¢ = 6.75-1078m™1.

4.7. CROSS-TRACK FACTOR

Cross-track factor (CTF) is a measure of sensitivity of a leading line. The cross-track factor is calculated as the ratio
of the off-axis distance at which the navigator can detect with certainty that the vessel is not on the leading line,
V4, divided by half the channel width, expressed as a percentage.

From equations (24) y, is:

Ya~0q-x-(1+%) (27)
The CTF then becomes:
_ Ya_ .
CTF = T 100% (28)

where CTF is the cross-track factor in percents of half of the channel width.

For a leading line design, the cross-track factor varies with the observer’s position in the useful segment (x) and
the observer's height H,,. Interpretation of acceptability of different cross-track factors is provided in Table 1.

Table 1 Cross Track Factor Acceptability Assessment

CTF Suitability Interpretation
over 75% Not Acceptable Leading line must be improved, or it may not be safe to use.
50% - 75% Poor Decrease the cross-track factor if possible.
30% - 50% Fair Decrease the cross-track factor only if moderate cost involved.
20% - 30% Good Decrease the cross-track factor only if little cost involved.
15% - 20% Very Good Do not expend more for decreasing the cross-track factor.
10% - 15% Excellent The cross-track factor should no';;genis:tthan 10% at the far end of useful

4.8. GEOGRAPHICAL RANGE
The geographical range R, of a light or a daymark is calculated by the following equation.

Ry =203y \%+ \[%) (29)

Where:
H height of the light or lower end of the daymark;
H, height of the observer on vessel;
hy=1m unit for height;
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dy =1852m unit for distance, 1 M.

Remark: When heights are entered in metres and the result is expressed in nautical miles, the equation can be
written in the following simplified form, widely used in navigation theory, because the conversion between metres
and nautical miles (along with refraction in the atmosphere) is already included in the constant 2.03:

R, =2.03-(VH + /H,)

When a required geographical range is given, then the minimum height of a light or a daymark for achieving that
range can be derived from:

2

Hz(R_g_ ﬂ) hy (30)

2.03:dy hy

2
Remark: Written without unit factors, the equation is: H = (Rg/2.03 — ,/Hv)

4.9. HEIGHTS

The height of the front and rear light is governed by several visibility requirements. Each requirement results in a
different minimum required height in the form of Hy ;s = Hypin @s shown below. Each minimum height resulting
from individual requirements is given an index to identify them. The height of the lights is significantly controlled
by the minimum observer height H,, = H,, ;,;, for which the leading line is designed. It is assumed that for
observer heights lower than H,, ,;,;, the leading line will not work in parts of or in the whole useful segment.

4.9.1. FRONT LEADING MARK
4.9.1.1. Safe Height above Water

To avoid damage from waves or vandals or obstruction by vegetation, the front light Hr; must be above a safe
height above water (Hgpqu):

Hpp 2 Hrpmint = Hshaw (31)
When a daymark with length Lgpy s is used, the lower end of the daymark shall be above Hgp, gy,
Hgpyiower ena = Hspaw, and the light above the upper end of the daymark.

In this case the minimum front light height is:

Hpp = HFL,minZ = Hgpaw + LFDM,sel (32)

4.9.1.2. Geographical Range

The height of the front light above mean high water must be sufficient to be seen above the horizon i.e. its
geographical range must exceed the distance from the front mark to the far end of the channel R; = M + C.

R H,
Hgp, = Hpp mins = (2.03961” - E) “hy (33)

When a daymark with length Lgp )y s¢; is used, the lower end of the daymark must be high enough above mean
high water so that its geographical range exceeds the distance to the far end of the channel.

2
R H
g
I'IFDM,lower_end = 203 dU - h[‘; 'hU

When the light is positioned at the upper end of the daymark, the daymark length must be added to the
minimum front light height.

2

R H,
Hpp, 2 Hppmina = [(z.o3gd,, - E) + LFDM,sel] “hy (34)
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4.9.1.3. Avoiding Obscuring of Front Light and Daymark by Obstruction

When an obstruction is located between the front light and the observer and it seems to be relevant for the
visibility of the front light, a calculation is necessary to determine whether the front light is obscured by it. The
height of the obstruction H,, and the distance S between the obstruction and the near end of the useful segment
are needed for this calculation. Hg, 1y is only calculated for the observer at mean low water which is the worst-
case situation for obstruction.

S |0bstruction FL
[ gl WSS 1]
observer )~~,~=))‘}H)H{H H e
¢ = __ _L _________________ 4.
X |
Hv i M I-|FL,min
MHWN - - .
T T —
MTR »
MLW _ — | b Zn
s —— v
- / 7

Figure 13 Minimum height of front light considering an obstruction

Considering presence of an obstruction as shown on Figure 13, the minimum height of the front light Hgy, ;5 can
be derived.

Hobs_Zobs_(Hv_MTR) — HFL,min_ZFL_(Hv_MTR) N
x—M+S X

X
HFL,min = m (Hobs —Zops — Hy, + MTR) + Zg, + H, — MTR
Height of the part of obstruction and front leading mark hidden below the horizon is:
Zops = (x — M+ S)?
ZFL =Qa- x2
where @ = 6.75-1078m™1,
The minimum height for the front light is then:

Hpimin = —s " (Hops — Hy + MTR) + H, =MTR —a-x- (x =M +5) + a - x* —

Hgppmin = H, — MTR + “(Hops —H, + MTR) + a-x- (M —S5)

x—M+S

The minimum height for the front light is calculated for x = M + C (far end) and x = M (near end) for the lowest
height of eye H,, ;1 :

e Farend:
Hrymins = Hymin = MTR + e - (Hops = Hymin + MTR) +a - (M + C) - (M — S) (35)
e Nearend:
Hryming = Hymin — MTR + % - (Hops = Hymin + MTR) + a - M - (M — 5) (36)
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When the front leading mark has a daymark with length Lgp s o¢;, it is assumed that the lower end of the daymark
must not be obscured and that the light will be at the upper end of the daymark. In this case, to obtain the
minimum height of the front light, the selected length of the daymark Lppy ¢ is added to the minimum front
light height.
e Farend:
M+C
HFL,min7 = LFDM,sel + Hv,min — MTR + m (Hobs - Hv,min + MTR) +a- (M + C) ' (M - S) (37)

e Nearend:

M
HFL,minB = LFDM,sel + Hv,min — MTR + ? (Hobs - Hv,min + MTR) +a-M- (M - S) (38)

4.9.1.4. Selected Front Light Height

The recommended minimum height Hg; ;... is the maximum value of the minimum heights calculated above. With
this value, all requirements stated before in this chapter are fulfilled.

Hpy, rec May be the height selected for using in calculations (Hg, 5¢;), but there may be considerations that justify
selecting a different value for Hg, ;.

4.9.2. REAR LEADING MARK

The calculation of the height of the rear light requires that height of the front light (Hg, s;) has already been
selected.

4.9.2.1. Blur

The rear light must be sufficiently high to ensure that the vertical angular separation between the lights over the
entire useful segment exceeds the minimum required angle y,,,;» (see Section 4.4), thereby avoiding blurring. This
condition can be expressed as:

_ HRL—HU-'-MTR HFL,Sel_Hv+MTR
len x+R

a-R—

X

HFL,sel - H‘U + MTR

Hgp,min = (x+R)'<Vmin+ +CK'R)+H1;_MTR

The minimum height of the rear light for avoiding blur is calculated for x = M + C (far end) and x = M (near end)
for the lowest height of eye H,, in:

e Farend:
Hrpmint = (C + M + R) - (Vi + 2222 20mn 2208 4 - R) + Hy i — MTR (39)
e Nearend:
Hrpminz = (M + R) - (Vi + “2e2e20mn R 4 - R) 4+ Hy i — MTR (40)

4.9.2.2. Geographical Range

From geographical range calculation of the front light (including the height of the part of the leading mark
obscured by the horizon due to the curvature of the Earth) and the calculation for avoiding blur (ensuring the rear
light is seen clearly above the front light), it is guaranteed that the rear light will always appear above the horizon
as well. So, there is no need to check the rear light for geographical range. However, for List of Lights and charts
the geographical range of the rear light may be calculated separately.

Guideline G1023 Design of Leading Lines
Edition 2.0 urn:mrn:iala:pub:g1023:ed2.0 P22



4.9.2.3. Avoiding Obscuring of Rear Daymark by Front Light

It is assumed that the lights are located at the upper edge of daymarks. Therefore, to ensure visibility of the rear
daymark above the front one, the entire length of daymark of the rear leading mark must appear above the front
light at the far end of the channel (x = M + C).

e Farend:

1+MTR-H,,) n

Hrimin3 = Lrpmser + Hy —MTR + (C+ M +R) - (““'“M% a-(C+M+R)-R  (41)

At the near end of the channel (x = M) itis not necessary that the entire rear daymark is visible, because it appears
much larger to the observer. An accepted compromise is that one half of the rear daymark is visible above the
front light.

e Nearend:

(HFLset+MTR—H,)

= +a-(M+R)R (42)

1
HRL,min4 = 5 LRDM,sel + H, — MTR + (M + R) '

4.9.2.4, Avoiding Obscuring of Rear Light by Obstruction

The equations for the front light (Section 4.9.1.3) are valid for the rear light with the following transitions:

® HFL,min > HRL,min
e M > M+R

This leads to:

X
Hgmin = Hy, — MTR +m'(Hobs_HV+MTR)+0."X'(M+R—S)
e Farend:
M+R+C
Hrymins = Hymin — MTR + s (Hobs — Hymin + MTR) +a-(C+M+R)-(M+R-S5) (43)

e Nearend:
M+R
Hrpmine = Hymin — MTR + ==+ (Hobs — Hymin + MTR) +a- (M +R)- (M +R—S) (44

4.9.2.5. Avoiding Obscuring of Rear Daymark by Obstruction
At the far end of the channel (x = M + C) the entire length of daymark of the rear leading mark must appear

above the obstruction. In this case the full length of the daymark is added to the minimum height of rear light.
e Farend:

M+R+C
C+S

HRL,min7 = LRDM.sel + Hv,min — MTR + (Hobs - Hv,min + MTR) t+ta- (C + M+ R) ’ (M +R— S) (45)
At the near end of the channel (x = M) it is not necessary that the entire daymark is visible, because it appears
much larger to the observer. An accepted compromise is that one half of the rear light daymark is not occluded
by the obstruction.

e Nearend:

1 M+R
HRL,minB = 2 ' LRDM,sel + Hv,min — MTR + T (Hobs - Hv,min + MTR) +a- (M + R) ' (M +R - S) (46)
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4.9.2.6. Selected Rear Light Height

The recommended minimum height Hg; .. is the maximum value of the heights calculated before. With this
value, all requirements stated before in this chapter are fulfilled.

Hpy rec May be selected for using in calculations (Hgy, s¢;), but there may be considerations that justify selecting a
different value for Hg ge;.

4.10. DAYMARKS

4.10.1.  SHAPE OF DAYMARKS

Shape of daymarks of leading marks is not restricted by MBS and there are different shapes used worldwide.
However, rectangular is considered the optimal shape for daymarks as this remains recognizable at longest
distance.

W om

e
T

A1

Figure 14 A typical rectangular daymark of leading line

Trapezoidal and triangular daymarks can be used for leading lines with shorter ranges. At longer ranges daymarks
of these shapes are less recognizable than rectangular daymarks of the same size. However, at the background of
e.g. city buildings, trapezoidal or triangular daymark may be more conspicuous than rectangular daymarks. Square
daymarks are not recommended, as their shape becomes unrecognizable at the shortest distance.

Figure 15 Examples of non-rectangular daymarks with the front and the rear daymark mirrored

As a rule, front and rear daymarks have the same shape. In exceptional cases daymarks with different shapes can
be used.
4.10.2.  COLOUR OF DAYMARKS

Most typical colour scheme of daymarks of leading line is three vertical stripes, the middle one being in contrasting
colour with the outer ones. Width of the central stripe is usually 1/4 to 1/3 of the width of the daymark.

Colour of daymarks is important to make them conspicuous against their background. As a rule, colour contrast
plays a role at distances up to 2-4 km from the structure. At longer distances, due to haze in atmosphere, the
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colours of a structure are less discernible to the observer and luminous contrast becomes the main factor in
conspicuity. So, for light background daymarks should be in a dark colour and for dark background the daymark
should be in a light colour. Table 2 gives recommended colours for daymarks observed against some typical
backgrounds. In case of three stripes, the colours recommended in the table should be the outer ones and the
central one should be in a contrasting colour with them.

Table 2 Recommended colours for daymarks depending on colour of background

Background of a daymark Recommended colour for the daymark
Green vegetation White, yellow
Sky Red, black
Sea White, yellow
Yellow sand Black, white
Dark rock White, yellow
Snhow Red, black

4.10.3. DIMENSIONS OF DAYMARKS

According to G1094 Daymarks for AtoN, a daymark must form an angle of least 1’ for it to be visible. To distinguish
more complicated shapes the daymarks must form an angle of at least 3’. For better conspicuity these values may
be increased.

For rectangular daymarks shape recognition is not critical. At longer distance it is acceptable if the observer sees
the daymark as a small single colour vertical bar, i.e. at a horizontal angle of 1’. The central stripe blends with the
outer ones because the angular width of the stripes is already smaller than the eye resolution. When approaching
along the leading line, the stripes become distinguishable and allow for more accurate aligning of the leading
marks.

In some countries standardized ratios of width and length of rectangular daymarks, e.g. 1:1.5, 1:2 or even up to
1:5, are used. However, different ratios can be used. With width determined by the minimum subtense angle, at
least 1’, the ratio determines the height of daymarks.

In case of triangular, trapezoidal or other shapes, all dimensions of the daymark must be at least 3’ for the shape
to be recognizable. If better conspicuity is needed increasing this to e.g. 6" may be considered.

The dimensions of a daymark depend on its required visual range — the longer the distance to far end, the bigger
the daymark must be.

e Both length Lpy rec and width Wy, . of the front daymark are calculated with the formula:

LDM,rec or WDM,rec =0.291-103a- XFL,far (47)
e Both length Lpy 1.oc and width Wpy, ... of the rear daymark are calculated with the formula:
LDM,rec or WDM,rec =0.291-103-a- XRL,far (48)
Where:
0.291- 1073 value of 1’ in radians;
a required subtense angle of a dimension of the daymark in angular minutes (‘);
XL far = M+ C distance from front light to far end of the useful segment;
Xpr,far =M+ C+ R distance from rear light to far end of the useful segment.
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The graph on the Erreur ! Source du renvoi introuvable. shows dimensions of daymarks calculated for different
ranges and different subtense angles.

40

Dimension

2000 4000 8000 8000 10000 12000 14000 16000 18000 20000
Visual range (m)

Figure 16 Dependence of dimensions of daymark on range and subtense angle

Some practical sizing considerations:
e 3'is preferred length for rectangular or for any dimension for other shapes for most leading light designs.

e 6’ may be preferred length in certain conditions, like in areas of reduced visibility or at major fairways where
increased conspicuity is needed.

e Other values can be used depending on required conspicuity or other considerations.

e 1’is minimum width for rectangular daymarks. Less than this may not be usable without the use of
binoculars.

e  While providing a better signal to the mariner, larger daymarks require taller and stronger towers which will
increase construction costs.

4.10.4. RETROREFLECTIVE MAATERIAL ON DAYMARKS

Some Members use a sheet of retroreflective material as a substitute for light at night at leading marks on small
craft routes and other less important fairways. They can also be useful as back up for damaged lights on other
fairways. Such daymarks are intended to be illuminated with a vessel’s searchlight.

Intensity of retroreflected light of a searchlight is considerably lower than light of a leading light. Therefore, to
obtain the best possible reflection, white retroreflective material should be used on leading marks. Calculation of
the required area of retroreflective material should be done according to the Guideline G1145 Application of
Retroreflecting Material on AtoN [9].

Retroreflective material is positioned on the daymarks so that they cover up to % of the middle stripe that makes
up to % of the total area of the daymark. Due to the colour of white retroreflecting material not being perfectly
white or being different from the rest of the middle stripe, too large reflectors can degrade the daytime
conspicuity of daymark.

To provide maximum possible vertical angle between the reflectors for avoiding blurring, the reflector of the front
mark is placed on the lower edge of the daymark and reflector of the rear mark on the upper edge of the daymark.
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4.10.5. ENHANCING CONSPICUITY OF DAYMARKS

Mounting daymarks 10-20 degrees backwards from the direction of the leading line as seen on Erreur ! Source
du renvoi introuvable. may create more favourable conditions of illumination for them.

Figure 17 A daymark tilt backwards for better illumination (Sviby rear leading mark by Tuderna, licence
CCBY2.5.)

Conspicuity of daymarks observed against the sun diminishes as the colours appear washed out. Conspicuity of
such daymarks may be enhanced by using use semi-transparent material on daymarks that enables the sun to
illuminate them from back, as seen on Erreur ! Source du renvoi introuvable..

Guideline G1023 Design of Leading Lines
Edition 2.0 urn:mrn:iala:pub:g1023:ed2.0 P27


https://web.archive.org/web/20161105052349/http:/www.panoramio.com/user/1496126

Figure 18 Daymarks made of semi-transparent material illuminated by the sun from the back

5. ADDITIONAL CONSIDERATIONS

5.1. ACQUISITION REGION

The size of the acquisition region and visibility of the leading marks in there must be considered when planning
layout of a leading line. Required minimum width of the acquisition region depends on the speed of the vessels
approaching the leading line, time for detecting the leading marks and making the decision and the turning radius
of the vessels. In some countries it is approximated that the leading marks need to be visible at least 3 and better
if 5 ship lengths along the approaching route before ships must start turning to the leading line.

3 -5 ship
lengths before -~
3 -5ship A - - the vessel has
lengths before P ~— - to turn P g P -
the vessel has - // v
to turn ”~
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Clear sight *,
p ) . sector Y
-lo \
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Figure 19 Minimum width of the acquisition region

5.2 LIGHTS
5.2.1. WIDE VERSUS NARROW BEAM LIGHTS

The lanterns of a leading line may have wide or narrow beam lights. Wide beam lights,large horizontal angular
beam width, or omnidirectional lights are preferred when the required ranges are small and when the light should
be visible far off the channel centreline. The use of omnidirectional lanterns also eliminates the need for passing
lights,the lights showing the position of an AtoN for ships passing it, on towers located in navigable waters.

However, an omnidirectional light needs much more energy and may cause glare, when vessels are passing very
close to it. In this case, it is better to choose narrow beam lights.
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5.2.2. Beam WIDTH

There may be confusion regarding the effect of a beam width of lanterns on the sensitivity of a leading line. The
beam width of the optic has nothing to do with sensitivity of a leading line. The beam width is of some concern
when a narrow beam lantern is used, as care must be taken to ensure that the minimum required illumination is
provided over the full width of the far end of the channel as well as the acquisition region, see Section 3.4.

The required minimum angle of the beam width ¢+, equal to the angle subtended by the channel width at the far
end of the useful segment (Figure 20), is given by:
w

d)far ~ Xfar (48)
Where:
brar in radians;
Xfar distance from the light to the far end of the channel in metres;
w the width of the channel in metres.

This is the beam width in which illuminance at the eye of the observer of at least E,,,;, = 10™° Ix must be ensured.

Remark:

57,3 °) w

Written in degrees, the equation is: ¢4, (°) = (1 ad) X
far

The equation is used for front light (distance Xgy, r,r = M + C) and rear light (distance Xgy, far = M + C + R),
which result in two different values ¢gy, oy and ¢gy, far-

Y

A

A
>
Y

( et for

Figure 20 Beam Width of Leading Lights Required for the Channel

(1) RL,far

The required minimum angle of the beam width ¢4, equal to the angle subtended by the acquisition region width
(Figure 21), is given by:

a2t (49)
Where:
ba in radians;
Xy distance from the light to the acquisition region in metres;
Wy the width of the acquisition region in metres.

The equation is used for front light (distance Xgy, o) and rear light (distance Xgy, o), which result in two different
values ¢p, 4 and ¢gy, a-
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Figure 21 Beam Width of Leading Lights Required for the Acquisition Region

This is the beam width in which illuminance at the eye of the observer of at least E,;j; = 2+ 10~7 Ix must be

ensured.

However, for complex channel geometries such as shown in Figure 19, where on the right side of the leading line
longer range and narrower beam width is needed than on the left side, a non-uniform horizontal intensity
distribution, e.g., dividing the beam into multiple sectors) may be required to simultaneously satisfy the
illuminance requirements for both regions.

5.2.3. PASSING LIGHTS

If the design does not use omnidirectional optics at night, and the structure is situated in middle of navigable
waters, it may be necessary to add omnidirectional passing lights to the structure, showing its position to passing
vessels. These additional lights should be mounted where they will not be blocked by the structure.

e Passing lights should be mounted at a low enough height to ensure that the lights will be visible to vessels
with a low height of eye. As an example, if a leading line has a front tower height of 8 m and a rear tower
height of 25 m, the additional light for the front tower can be mounted directly on top of the front leading
light. The passing light should display the same characteristic as the leading light and should be synchronized
with the leading light.

e Ontowers greater than about 12 m, the passing lights may be installed at a lower level than the leading
light. In this case installation of passing light may require multiple lanterns to avoid obstruction of the light
by the structure from some directions. In this case, due to potential to mislead a mariner, giving the passing
lights a different colour and character than leading lights should be considered.

5.2.4. LANTERN PLACEMENT

Accurate positioning of the lanterns at the centre of leading marks is important for ensuring correct direction of
the leading line. When using both day and night leading lights, the lower optic on the front tower and the upper
optic on the rear tower should be the nighttime lights to keep them further apart as their possibility of blurring is
higher. The only exception is when the front tower uses an omnidirectional nighttime light, which should be
mounted on top of the leading mark above the daytime lights.

Multiple lanterns forming a daytime light should be installed as close to each other as possible to ensure the lights
are viewed as a point source. All heights are measured to the centre of the (cluster of) lanterns.

5.2.5. COLOUR AND FLASHES

e Itis advantageous to use the same colour and synchronized flashes for front and rear leading light of a
leading line. In the presence of rival lights this will highlight that these two lights belong together.

Guideline G1023 Design of Leading Lines
Edition 2.0 urn:mrn:iala:pub:g1023:ed2.0 P 30



e When a channel is marked by a series of leading lines in succession, each leading line should have a different
flash character than the nearby ones.

e If the lights are not synchronized the length of flashes and periods of the front lights could be shorter than
these of the rear light.

e Duration of the flashes should not be less than 0.5 s.

e Length of the flashes of the rear light should be selected based on maximum overlapping of the duration of
the flashes of the leading lights. The narrower the channel the more the flashes must be seen
simultaneously.

e Fixed (F) characteristics should be used sparingly, if at all. Lights displaying a fixed characteristic, especially
white light signals, can be difficult to identify against even minimal background lighting. Furthermore,
flashing lights displaying a character with a three second flash duration have an effective intensity equal to
approximately 96% of the intensity of a fixed light while yielding longer lantern service intervals, having
lower power consumption, and providing greater conspicuity than the fixed light signal.

5.3. DAYMARKS VERSUS DAYTIME LIGHTS

Traditionally leading lights, particularly those powered by batteries, were switched off during daytime, when the
signal was provided by daymarks. Efficiency improvements in optics combined with solar power have allowed
expanded use of daytime leading lights, even when mains power is not readily available. The following are some
points to consider when deciding on using daytime lights:

e Daymarks are simple. Having no moving parts, they require little maintenance and so are more reliable than
lights. Smaller daymarks are also easy to maintain, with no special training required for servicing personnel.

e Daytime leading lights provide a superior signal. In poor conditions they can be seen further than daymarks.
Furthermore, using lights instead of large daymarks may result in less costly tower structures and
foundations. Daytime lights, however, require more complex lighting and power systems, which will increase
hardware costs and the technical demands on the servicing personnel. However, the higher initial
equipment costs will likely be more than offset by reduced structural costs.

5.4. PLACEMENT OF LEADING MARKS

5.4.1. LOCATIONS FOR LEADING MARKS

The availability of suitable sites for leading marks may be an important factor in designing layout of sections of
natural, narrow fairways or layout of artificial channels. Use of existing buildings or structures may be possible for
installation leading marks.

5.4.2. ACCURACY OF POSITIONING OF LEADING MARKS

Locations of leading marks determine the position of the leading line. Positioning of leading marks along the
leading line should be within £3 meters of the determined position. Lateral error in placement of leading marks
to either side of the leading line should not exceed approximately £0.3 meters, to avoid significant misalignment
of the leading line in relation to the channel to be marked. See Erreur ! Source du renvoi introuvable..
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Figure 22 Placement of leading marks

6. ABBREVIATIONS AND TECHNICAL QUANTITIES

leading line—= 3 m of optimal placement

6.1. LATIN
Abbreviations in indices Explanation
DM daymark
d detection
dsg design
far far, referencing the far end of the channel
FL front light
FDM front daymark
initial initial iteration value
max maximum
mid middle, referencing the middle of the channel
min minimum
min min2 .. minimum according to the requirement
referenced
near near, referencing the near end of the channel
obs obstruction
rec recommended
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RL

rear light

RDM

rear daymark

sel

selected

shaw

safe height above water

vessel, referencing the observer at the vessel

acquisition region

Abbreviation Explanation Chapter

required subtense angle of a dimension of the daymark in

a . . 4.10.3
angular minutes (‘)

C Length of useful segment 3.1

CTF Cross-track factor 4.7

dy Unit distance (dy = 1852m = 1M) 3

E Illuminance at the eye of the observer 4.2

Erp Illuminance at the eye of the observer produced by the front light 3.4

Eax Allowed maximum illuminance at the eye of the observer 3.4

Enin Required minimum illuminance at the eye of the observer 34

Egr; Illuminance at the eye of the observer produced by the rear light 3.4

Ey Unit illuminance (Ey = 1 Ix) 3

E*t Largest of the illuminance values from front light and rear light 4.4

Igp, Luminous intensity of front light 34

Inp, Luminous intensity of rear light 34

Hgp, Height of front light above MHW or MSL 3.2

Hgp mina Minimum height of front light (safe height above water) 49.1.1
Minimum height of front light with a daymark (safe height above

Hrpminz water) 49.1.1

Hgp mins Minimum height of front light (geographical range) 49.1.2
Minimum height of front light with a daymark (geographical

HFL,min4 range) 49.1.2

Hgp mins Minimum height of front light (obstruction, far end) 49.13

Hgp mine Minimum height of front light (obstruction, near end) 49.1.3
Minimum height of front light with a daymark (obstruction, far

HFL,min7 end) 49.13
Minimum height of front light with a daymark (obstruction, near
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Abbreviation Explanation Chapter
Hgp rec Recommended height of the front light 49.1.4
Hpp ger Selected height of the front light 49.1.4
Hepuiower end Height of the lower end of the daymark 49.1.1
H,ps Height of an obstruction above MHW or MSL 49.13
H Height of observer (on vessel) above MHW or MLW, depending 39

v on the parameter calculated
Hymin Lowest height of observer (lowest height at MLW) 49.1.3
Hpp Height of rear light above MHW or MSL 3.2
Hgp min1 Minimum height of rear light (blur, far end) 49.2.1
Hgp min2 Minimum height of rear light (blur, near end) 49.2.1
Hy i Miniml:|m height of rear light with a daymark (front light not 4923
' obscuring, far end)
Heg mins Miniml:|m height of rear light with a daymark (front light not 4923
' obscuring, near end)
Hgp mins Minimum height of rear light (obstruction, far end) 49.2.4
Hgp mine Minimum height of rear light (obstruction, near end) 49.2.4
Hatmin? Minimum height of rear light with a daymark (obstruction, far 4925
end)
Hpmins Minimum height of rear light with a daymark (obstruction, near 4925
end)
Hpp rec Recommended height of the rear light 49.2.6
Hpgp ser Selected height of the rear light 49.2.6
Hgshaw Safe height above water 49.1.1
hy Unit height hy = 1m 3
I luminous intensity 4.2
IpL max Maximum luminous intensity, front light 4.2.2
IpL min Minimum luminous intensity, front light 4.2.1
IFL_dsg Design luminous intensity, front light 4.2.3
IRL,max Maximum luminous intensity, rear light 4.2.2
IR, min Minimum luminous intensity, rear light 4.2.1
Irp,asg Design luminous intensity, rear light 4.2.4
L Distance to front structure from far end of useful segment 3.1
Erreur ! Source
Lpm Vertical length of a daymark du renvoi
introuvable.
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Abbreviation Explanation Chapter
Lppm rec Recommended vertical length of a daymark 4.10.3
Lrpm Vertical length of the front daymark 3.2
Lepp sel Selected vertical length of the front daymark 49.1.1
Lrpm Vertical length of the rear light daymark 3.2
Lrpm se Selected vertical length of the rear daymark 49.2.5
M Distance to front structure from near end of useful segment 3.1
Minitial Initial value of M for iteration process 4.1
MHW Mean high water 3.2
MLW Mean low water 3.2
MSL Mean sea level 3.2
MTR Mean tidal range 3.2
R Distance between leading marks 3.1
Rinitial Initial value of R for iteration process 4.1
R, geographical range 4.8
r ratio of intensities 424
Tmid ratio of intensities, value in the middle of the useful segment 4.2.4
Trar ratio of intensities, value in the far end of the useful segment 4.2.4
S distance between an obstruction and the near end of the useful 4913

segment

vV visibility 4.2
Vasg Design Meteorological visibility 4.2.4
Vinax Maximum Meteorological visibility 4.2.2
Vinin Minimum Meteorological visibility 4.2.1

w Channel width 31
Wpum Width of a daymark 4.10.1
Wpm rec Recommend width of a daymark 4.10.3

Erreur ! Source
Wy Width of the acquisition region du renvoi
introuvable.

X Distance of observer (vessel) from front leading mark 3.1
XrLmia Distance from front light to middle of the useful segment 424
XrL far Distance from front light to far end of the useful segment 4.2.4
XRLmid Distance from rear light to middle of the useful segment 4.2.4
XRLfar Distance from rear light to far end of the useful segment 4.2.4

Guideline G1023 Design of Leading Lines
Edition 2.0 urn:mrn:iala:pub:g1023:ed2.0

P35



Abbreviation Explanation Chapter
Xrra Distance from front light to the outer limit of acquisition region 4.2.4
XrLa Distance from rear light to the outer limit of acquisition region 4.2.4
y Observer’s distance from leading line, off-axis distance 3.1

Off-axis distance at which the observer can detect with certainty
YVa . S 4.7
that the vessel is not on the leading line
Z Part of height of an object hidden below the horizon 4.3
A Part of height of front leading mark hidden below the horizon 4.3
ZrL Part of height of rear leading mark hidden below the horizon 4.3
GREEK
Abbreviation Explanation Chapter
Factor for calculation of the part of height of an object hidden
a below the horizon (a = 6.75+10"8m™1) that takes into 4.3
account radius of the Earth and refraction in atmosphere
1
& Required beam width angle of a leading light, subtended by the Errg:rré:‘(::irce
far channel width at the far end .
introuvable.
1
¢ Required beam width angle of the front leading light, subtended Err:lt:rré:‘?:irce
FLrar by the channel width at the far end .
introuvable.
E !
¢ Required beam width angle of the rear leading light, subtended rr:lt:rre:‘?:irce
RL far by the channel width at the far end .
introuvable.
E !
Required beam width angle of a leading light, subtended by rreur Sou.rce
b4 . L ) du renvoi
width of acquisition region .
introuvable.
E !
Required beam width angle of the front leading light, subtended rreur Sou.rce
PrLa by width of acquisition region du renvoi
4 g 8 introuvable.
E !
Required beam width angle of the rear leading light, subtended rreur Sou.rce
Pria by width of acquisition region du renvoi
4 g 8 introuvable.
0 Horizontal difference angle (horizontal angle between front and 45
rear light) ’
Critical bearing difference i.e. the bearing difference at the
04 . . - 4.6
moment of detection of not being on leading line
OrL Horizontal angle, front light 4.5
OrL Horizontal angle, rear light 4.5
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7.

(1]
(2]
(3]

(4]
(5]

(6]
(7]

(8]
(9]

Abbreviation Explanation Chapter
0’y Alternative value 1 for critical horizontal angle 4.6
o', Alternative value 2 for critical horizontal angle 4.6
y Vertical difference angle 4.3
YrL Vertical angle, front light 4.3
YRL Vertical angle, rear light 4.3
VYmin Minimum vertical difference angle 4.4
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