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[bookmark: _Toc175381227][bookmark: _Toc1040][bookmark: _Toc4631][bookmark: OLE_LINK2]Introduction


This guideline supports IALA Recommendation R0203 Definitions of Marine Signal Lights Terms of Measurements [1]. The main body provides further explanations, diagrams and examples to the recommendations given in R0203. They will cover the measurements as well as both processing and presentation of results. These sections are intended for measurement operators with some experience.
An appendix contains further information including introductory topics, aimed at those newer to light measurement, and more detailed topics to assist readers in obtaining accurate and precise measurements. However, it is unfeasible for a single document to transfer all knowledge and skills required. It is recommended that measurement personnel complete dedicated training courses and read additional material.
DEfinitions

Marine Signal Lights Terms of MeasurementStandard measurement conditions

Standard Measurement Conditionsmeasurement geometry

Measurement Geometry
R0203 recommends an X-Y coordinate system. This system is illustrated in Figure 1. The system has the following characteristics:
· The coordinates at the datum position are X = 0° and Y = 0°. 
· The X coordinate is the rotation of the DUT about a vertical axis.
· Rotating the DUT clockwise increases the value of X up to a maximum of 180°.	Comment by Lingyan Wang: This should be anticlockwise.
· Rotating the DUT anticlockwise decreases the value of X down to a minimum of -180°.	Comment by Lingyan Wang: clockwise
· The X angle is often referred to as the “horizontal” or “azimuth” angle since the rotation occurs in the horizontal plane.
· The Y coordinate is the rotation of the DUT about a horizontal axis that is perpendicular to the measurement path. Viewing with the measurement sensor to the right of the DUT as in Figure 1:
· Rotating the DUT clockwise increases the value of Y up to a maximum of 180°.
· Rotating the DUT anticlockwise decreases the value of Y down to a minimum of -180°.
· The Y angle is often referred to as the “vertical” or “elevation” angle since the rotation occurs in the vertical plane.
· [bookmark: _GoBack]The axis of rotation and measurement path should intersect. The centre of the DUT should be positioned at this intersection.
[image: ]	Comment by Link Powell: Placeholder. Draw properly.
[bookmark: _Ref174185923][bookmark: _Toc174208413] X-Y Coordinate System
Ambient conditions

Ambient Conditions
POWER SUPPLY CONDITIONS


Measurement preparation

Mounting
1.1. Settings

Warm-up

Measurement distance

Measurement of marine signal lights


Power Supply Conditions

[bookmark: _Toc175381233][bookmark: _Toc9399][bookmark: _Toc15883]Luminous Intenisty versus angle

measurement method/procedure

[bookmark: _Toc175381234][bookmark: _Toc15284][bookmark: _Toc17439]Vertical Divergence
R0203 gives the following definition:
“The average of all measured Full Width Half Maximum (FWHM) values shall be reported as the vertical divergence, along with the maximum deviation of the maximum intensity from an elevation of Y = 0°.”
These parameters are calculated from a light’s luminous intensity versus elevation angle profiles. An example profile plot, annotated with the FWHM, is shown in Figure 2. 
An example summary of three elevation profiles is shown in Table 1. In this example three elevation profiles are summarised, each taken at a different azimuth coordinate. The first row of results corresponds to the profile shown in Figure 2; these should be compared to aid understanding.
The FWHM is the angle between the points where the plot crosses 50 % of the peak intensity. It is possible that the intensity of the plot drops below 50 % of the peak and then rises above, giving multiple crossing points. In this situation, the innermost angle on each side of the peak is used.
Table 1 shows the angle at which the maximum intensity occurs in each elevation profile. The angle with the greatest magnitude (positive or negative) is presented as the maximum deviation of the maximum intensity from an elevation of Y = 0°.
[image: ]
[bookmark: _Toc174208414][bookmark: _Ref173569903]Example Luminous Intensity Versus Elevation Profile

[bookmark: _Toc17404][bookmark: _Toc174208412][bookmark: _Ref173579760]Example Elevation Profile Summary
	Azimuth Measurement Angle (X)
	FHWM
	Angle of Maximum Intensity.

	-120°
	3.35°
	-1.30°

	0°
	2.95°
	-0.45°

	120°
	3.05°
	0.15°

	
	
	

	Vertical Divergence
	3.12°
	

	Maximum deviation from 0°
	
	-1.30°




Additional guidance to add:	Comment by Link Powell: Still to do.
[bookmark: OLE_LINK1]Number of profiles to measure for: Omni Directional lantern, Sector Light, Directional/Rotating Light
Normalisation This profile has been normalised, to the peak of the beam. This normalisation is optional and each lighthouse authority may choose whether to present absolute intensity values, normalise and what to normalise to. 

[bookmark: _Toc175381235][bookmark: _Toc1275][bookmark: _Toc18558]Horizontal Divergence

[bookmark: _Toc17616][bookmark: _Toc175381236][bookmark: _Toc15630]Specification Peak Intensity

[bookmark: _Toc175381237][bookmark: _Toc10378][bookmark: _Toc11339]Luminous intenisty versus time


mearement method/procedure

[bookmark: _Toc175381238][bookmark: _Toc25527][bookmark: _Toc14362]Flash Duration

[bookmark: _Toc175381239][bookmark: _Toc28623][bookmark: _Toc19417]Effective Intensity 

[bookmark: _Toc175381240][bookmark: _Toc1328][bookmark: _Toc6985]Nominal Range

[bookmark: _Toc175381241][bookmark: _Toc10370][bookmark: _Toc1571]Colour and Sectors

measurement method/procedure

[bookmark: _Toc175381242][bookmark: _Toc6842][bookmark: _Toc23865]Signal Colour

[bookmark: _Toc641][bookmark: _Toc175381243][bookmark: _Toc12665]Sector Colour Boundary

[bookmark: _Toc175381244][bookmark: _Toc4249][bookmark: _Toc19424]Sector Intensity Boundary

[bookmark: _Toc175381245][bookmark: _Toc15288][bookmark: _Toc28326]Sector Width

[bookmark: _Toc175381246][bookmark: _Toc2325][bookmark: _Toc18965]Sector Boundary

[bookmark: _Toc2046][bookmark: _Toc175381247][bookmark: _Toc24439]Sector of Uncertainty






DEFINITIONS

The definitions of terms used in this Guideline can be found in the International Dictionary of Marine Aids to Navigation (IALA dictionary) at http://www.iala-aism.org/wiki/dictionary and were checked as correct at the time of going to print. Where conflict arises, the IALA Dictionary should be considered as the authoritative source of definitions used in IALA documents.
[bookmark: _Toc175381249][bookmark: _Toc7350][bookmark: _Toc3952][bookmark: _Hlk59202516]abbreviations

DUT	Device Under Test
[bookmark: _Toc175381250][bookmark: _Toc5859][bookmark: _Toc14743]references

[bookmark: _Ref173566944][bookmark: _Hlk58941398][bookmark: _Hlk59209161][bookmark: _Hlk58941431]IALA. (2022) Recommendation R0203 Definitions of Marine Signal Lights Terms of Measurement.
[bookmark: _Toc175381251][bookmark: _Toc31051][bookmark: _Toc11681]Further reading

[bookmark: _Hlk58941611][bookmark: _Hlk59209242]Any texts that are recommended to the reader without direct reference in the text should be listed within this section using the same syntax as the reference list. Sources should be listed using the Further reading style.
[bookmark: _Hlk58941649]Einstein, A. (1905) Relativity: The Special and General Theory of Relativity
Idle, E. (1984) The Galaxy Song




[bookmark: _Toc175381252][bookmark: _Toc12663][bookmark: _Toc22517]Further Technical Guidance

[bookmark: _Toc13369][bookmark: _Toc175381253][bookmark: _Toc27598]The Measurement Laboratory


Overview

Layout and FunctionStray and ambient light control


Minimum Measurement Distance


[bookmark: _Toc175381256][bookmark: _Toc28752][bookmark: _Toc20949]Folded Path Measurement


[bookmark: _Toc175381257][bookmark: _Toc31777][bookmark: _Toc6750]Zero Length Measurement



[bookmark: _Toc31570][bookmark: _Toc175381258][bookmark: _Toc2761]The Device Under Test


Geometry and Physical SetupReference center


Settings



Warmup



[bookmark: _Toc175381262][bookmark: _Toc18920][bookmark: _Toc4280]Photometry

Photometric distance law


[bookmark: _Toc13164][bookmark: _Toc175381263][bookmark: _Toc27023]Measurement by Photometer


Spectral Correction Factor



[bookmark: _Toc175381264][bookmark: _Toc26588][bookmark: _Toc19027]Measurement by Spectroradiometer


[bookmark: _Toc12038][bookmark: _Toc175381265][bookmark: _Toc17615]Calibration by Substitution with Calibrated Light Source


[bookmark: _Toc7817][bookmark: _Toc175381266][bookmark: _Toc565]Calibration using Known Distance


[bookmark: _Toc27050][bookmark: _Toc175381267][bookmark: _Toc31203]Relative Photometry of Optical Systems


[bookmark: _Toc16700][bookmark: _Toc175381268][bookmark: _Toc8170]Measurement of Luminous Flux


[bookmark: _Toc15829][bookmark: _Toc175381269][bookmark: _Toc28816]Measurement of Modulated Light


The convolution to determine flash duration


[bookmark: _Toc28549][bookmark: _Toc175381270][bookmark: _Toc27621]Colourimetry


[bookmark: _Toc1319][bookmark: _Toc175381271][bookmark: _Toc17260]Measurement by Spectroradiometer


[bookmark: _Toc175381272][bookmark: _Toc17633][bookmark: _Toc28083]Measurement by Tristimulus Colourimeter 


Measurement Equipment Requirements

Photometer
Spectroradiometer
Colouromiter

[bookmark: _Toc27715][bookmark: _Toc175381273][bookmark: _Toc3454]Measurement in the Field

Measurement of character of AtoN light based on spectral analysis


Measurement of AtoN light based on image processing technology


Measurement of Vertical Profile Using prisms
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