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1.0 SCOPE

This procedure describes the apparatus, set up and measurement regime for the determination of the coefficient of retroreflected luminance on laboratory reference plates.

Notes
: 1. The procedures described in this document are based on the requirements of the International Commission on Illumination (CIE) and the Permanent International Association of Road Congresses (PIARC) organisations’ publication CIE No 73 (1988), “Visual Aspects of Road Markings.” Clause 5.5 of this publication states: “One important use of laboratory measurement is for the calibration of reference standards of the coefficient of retroreflected luminance. These standards are used to calibrate retroreflectometers for use in the field”. 
Notes
: 2. The procedures also take account of the technical requirements of ASTM D4061 Standard Test Method for Retroreflectance of Horizontal Coatings, and ASTM E 809 Practice for Measuring Photometric Characteristics of Retroreflectors.
Notes
: 3. Definitions used in this procedure are based on those described in Publication CIE No 54.

2.0 REFERENCES

Instruction Manual for Spectra Pritchard Photometer C 748.

Instruction Manual for Photometer UDT Optometer 61.

Mathematics for Technicians by Blair Alldis and Keith Pantlin.

Specifications for 30 metre geometry retroreflectometers.

CIE No 73, Visual Aspects of Road Markings

CIE No 54, Retroreflection Definition and Measurement
3.0 DEFINITIONS

Retroreflection - Reflection in which the reflected rays are preferentially returned in directions close to the opposite of the direction of the incident rays, this property being maintained over wide variation of the direction of the incident rays.

Retroreflectivity (mcd /m² /lx) - The ratio of the luminance of a surface to the illuminance at the retroreflector on a plane perpendicular to the direction of the incident light. (Coefficient of retroreflected luminance)

Entrance Angle ( - Angle characterising the angular position of the retroreflector with respect to the direction of the incident light.

Co-entrance Angle ( - The complement of the entrance angle (° = (90-(°)

Observation Angle ( - Angle by which the direction of observation of the retrorelflector departs from the direction of the incident light. The angle between the illumination axis and the observation axis (CIE No 54, clause 2.4.7)

Primary Reference Plates – Flat glass plates manufactured to produce a range of retroreflectivity values, to provide a link to the primary references of length and luminous intensity. 

Measurement Geometry – Entrance and observation angles defined by the European Committee for Standardisation (CEN), the US Federal Highway Administration (FHWA), and ASTM’s E- 1710 standard.

High Angle Geometry – Entrance angle 86.5°, observation angle 1.5°.

Low Angle Geometry – Entrance angle 88.76°, observation angle 1.05°.

h – dimension of the “opposite” side to the entrance or observation angle of a right angle triangle.

4.0 APPARATUS AND MATERIALS

4.1
Apparatus

4.1.1
Description

Dark Tunnel - A dark tunnel with an effective length of at least 10m and stray light luminance of less than 1x10-3 cd/ m². Any extraneous sources of reflected light especially specular reflection should be either baffled or covered with low reflectivity coverings.
Goniometer - A two axis Goniometer with a table that can be used horizontally. The goniometer must be capable of holding up to 10 kg of plate+ holder, without significant distortion. The goniometer must be capable of being adjusted to 10” of arc without backlash. Plate holder shall have a base machined flat and with two positioning guides one for the side of the plate and the other for the front of the plate. The plate holder must have a method of attachment to the goniometer which is stable and which does not allow twisting or bowing of the holder. A non-reflective adjustable masking plate shall be attached to the front of the holding plate to mask any stray reflection from the vertical front of the plate. 

Light Source – Broad band stable continuous spectrum collimated source with a colour temperature of 2856°K ± 100°K (CIE type A source). The light source shall provide a uniform illumination  (± 2%) of 100 to 500 lux over the width of the plate, a beam spread of 1.5° to 3° and shall be stable over the period of test to better than 0.5%. An occulting plate which can be fitted into the exit aperture of the light source and able to be placed horizontally or vertically, is also required. This plate shall have a central 2mm slit aperture.

Luminance Meter - A variable aperture luminance meter stable and linear over the range 0.1 to 200cd/m².  Readings should be reproducible to better than 5%, and shall utilise a slit aperture subtending between 29’ to 58’ of arc in the horizontal plane and 1.7’ to 3.5’ of arc in the vertical plane. 

Luminance meter mounting bracket - Capable of angular adjustment to better than 22” and height adjustments better than 0.5mm.

Photometer A photometer with a 3½ digit display and a detector photometricaly corrected to match the CIE V curve to an accuracy of better than 0.5%. 

Stabilised constant current power supply – for the light source.

Mirror - An optically flat (quarter wavelength flatness at 632.8 nanometres) surface silvered mirror, 75 to 100mm square and nominally 10mm thick. 

90 degree mirror angle plate – The mirror shall be mounted to this plate in such a way that the angle of the plate/ front surface mirror combination is known to be 90° to better than 11” of arc.

A sample holding frame. 

A plane dummy sample plate, matching the materials and dimensions of the test plates.   

A vertical stand (staff) with an accurately graduated rule. (1 m rule graduated to at least 0.5mm)
Note: The environment must be temperature controlled to 20-26°C and as dust free as possible.  
4.1.2
Equipment Used

Luminance Meter, Spectra Pritchard C 748.

Photometer, UDT Optometer, 125-2-03, using detector 29085, Serial No: 59305.

Light-source, 452-1, using calibrated dichroic tungsten halogen source, Micron DDS 21V/80W 21-0094.

Goniometer.

Diffuse reflecting panel, made of aluminium 370 x 150 x 1mm covered with matt white paper.

Shadow panel, aluminium 150 x75 x1mm coated with flat black board paint.

Staff, length of T-section aluminium welded at 90° to a base plate.

Dummy glass plate, 450 x 120 x 8mm, cross-marked with the aiming point at 150mm in and 150mm from the end.

Steel rule, 1000mm, accurate to JIS 7516 Grade 1.

Tape, 50m.

Laser distance measurement device.

Mirror, optically surface silvered (vacuum deposited aluminium), with angle plate and jig to ensure accurate positioning.

Spirit level, accurate <1mm/1m or theodolite.

Surveyor’s plumb-bob.

4.2 Materials

Nil.

5.0 SAMPLING AND SAMPLE PREPARATION

5.1
Sampling

Nil.

5.2 Sample Preparation

Nil.

6.0 PROCEDURE TO BE FOLLOWED

The procedure below describes the test procedure using a Spectra Pritchard 80B as the luminance meter and a calibrated photometer without a cosine corrected detector. If using different devices some modifications to the test details will be required.

The light source runs at a correlated colour temperature of 2850°K when run at 3.03amps. This will change from time to time as the lamp ages and when replaced. In this procedure the current to run the light source at 2850°K is referred to as “the test current”.

The Spectra Pritchard 80B 2’ aperture measures an elongated ellipse approximately 6mm wide and 200mm long.

Note:
The following testing is carried out in the dark tunnel.

6.1
Initial Horizontal and Linear set-up
6.1.1 Attach the plate holder to the goniometer with the four set screws. Note that the plate holder needs to be offset approximately 50 mm from the rotational centre of the goniometer. Place a dummy plate on the plate holder and raise or lower the table so that the top of the plate is at the centre of the axis of rotation of the goniometer.

6.1.2 Rotate the goniometer table so that the longitudinal axis of the plate is parallel to the axis of the incident light beam.

6.1.3 Level the top surface of the dummy plate (if necessary) transversely and longitudinally in the horizontal position using a high precision level.

6.1.4 Place 5 mm spacers alongside the dummy plate to move the plate to the central measuring position. 
6.1.5 Check the adjustment of the light beam using a 2mm slit occulting plate at the front of the light source lens. The centre of the light beam must pass through the transverse centre of the front surface of the plate. This can be confirmed by placing a 300m wide horizontal baffle on the vertical stand approximately 7 m from the plate raising the baffle vertically to bisect the beam and adjusting the height of the plate until the shadow of the baffle just grazes the top of the plate. Leave the slit occulting plate on the lens with the slit vertical.

6.1.6 Rotate the plate from the horizontal so as to create an entrance angle of approximately 1¼°, and replace the dummy plate with an unbeaded white test plate.
6.1.7 Turn off the light source.

6.1.8 Install the luminance meter holding frame and bolt it to the floor. This frame is located so as to place the front of the lens of the luminance meter approximately 11 m from the centre of the measurement area of the plate.
6.1.9 Attach the modified Tribrach to the luminance meter. The Spectra Pritchard luminance meter has three mounting positions. The Centre position is preferred for stability reasons. The mounting can be offset transversely by approximately 5mm but initially mount centrally with two of the three lugs transverse and the other in the longitudinal axis of the luminance meter to ensure that no sideways tilt is developed when the instrument is aimed. Mount the levelling bubble so that it is exposed. 

6.1.10 Ensure that the holding plate on the mounting frame is transversely horizontal using a precision level and ensure that all four height adjustment screws are tight. Whenever the height of the holding plate is moved all four screws must be turned exactly the same amount. To facilitate this, the face of each nut is marked with a painted line.

6.1.11 Install the Tribrach with Luminance meter to the mounting frame using the provided bolt.

6.1.12 With the luminance meter on “view” aim and focus on the plate and tighten the bolt.

6.1.13 The meter should then be levelled transversely with the Tribrach using the slit aperture. 

6.1.14 Accurately mark the centre point of the front of the lens by placing a white surface on the front of the lens cap and marking a vertical and horizontal cross hair.
Note: It is assumed that the axis of the retroreflected light beam passes through the centre of the lens of the luminance meter.
6.1.15 Place the lens cap on the luminance meter and switch on the vertically occulted light source. Ensure that the base of the holding nut on the frame is above the edge of the light. Ensure the meter is accurately placed vertically above the light source by placing a surveyors plumb line from the top of the holding frame across the centre of the lens cap (as determined by the cross hairs) to below the light beam. If alignment is accurate, the shadow should bisect the plate (at the rotational centre of the goniometer). If the shadow does not bisect the plate at the rotational centre the plumb line should be moved so that the shadow does bisect the rotational centre and the offset from the centre of the lens measured. The luminance meter will then need to be removed and adjusted appropriately transversely on the tribrac. It is important that when replaced on the mounting frame the aiming and transverse levelling be carried out before the axis determination is repeated.

6.1.16 After adjusting the luminance meter retain the plumb line and check that the plate is accurately bisected longitudinally. If necessary rotate the table to ensure correct longitudinal alignment of the test plate. Ensure that the table is properly locked after any adjustment

6.2
Setting Observation angle
6.2.1 Remove the test plate and replace with the dummy plate. Rotate the occulting plate to horizontal.

6.2.2 Measure the distance from the rotational centre of the goniometer to the front of the lens cap cross hairs to the nearest mm using the laser measurement device. Calculate the required height of the cross hair above the beam axis using the following formula:
Hsp =  Dsp x sin   

where 

Hsp = 
Height of the luminance meter cross hair above the beam axis  

Dsp = 
distance from the rotational centre of the goniometer to the front of the lens cap cross hairs

= 
observation angle

6.2.3 Change the viewing aperture of the luminance meter to 2’.
6.2.4 Place the angle plate transversely across the dummy plate at the centre of rotation of the goniometer (centre of the measuring area of the test plates).

6.2.5 Attach the cables from the luminance meter to the control unit ensuring that they are well clear of the light beam and will not interfere with measurements.

6.2.6 Place the vertical stand with the steel rule against the lens cap cross hairs, offset slightly so as to expose the centre of the cross hairs, not quite touching the lens cap.

6.2.7 Raise the horizontal baffle until the shadow intersects the line created by the angle plate. Move the ruler so that the end is next to the horizontal baffle.
6.2.8  Raise or lower the holding plate with the four nuts until the height measured with the ruler is as calculated. Ensure all nuts are rotated exactly the same amount and that they are tight at the conclusion of the adjustment.
6.2.9 Remove lens cap and re-aim the luminance meter so that the measurement circle is bisected by the line between the angle plate and the dummy test plate.

Replace the lens cap and readjust to the correct height. Repeat the procedure until the required height has been obtained to the nearest 0.5mm.
6.3
Setting Entrance angle
6.3.1 Calculate the theoretical height of the centre of the beam above the plate using the following formula:
Hc =  Dp x sin 

where 

Hp = 
Height of the centre of the beam above the front of the test plate.  

Dp = 
distance from the rotational centre of the goniometer to the front of the test plate

= 
entrance angle.
6.3.2 Mask the plane mirror to the height calculated above. Thin black cardboard or thick black paper is ideal.

6.3.3 Place the plane mirror back flush against the angle plate and place the front face of the mirror flush with the front of the dummy plate. Ensure the centre of the mirror is transversely centred on the plate and the reflection is towards the source. 

6.3.4 Place the vertical stand approximately 5m from the front of the plate, offset slightly from the centre of the beam. Move the horizontal baffle vertically until the shadow just grazes the line between the reflective and masked area of the mirror. Place the end of the steel rule at the edge of the baffle, and measure the distance between the front surface of the plane mirror and the baffle to the nearest mm using the laser measurement device.
6.3.5 Calculate the distance of the reflected beam below the beam axis using the following formula:
Hr =  Dr x tan 2  

where 

Hsp =
 Height of the luminance meter cross hair above the beam axis  

Dsp = 
distance from the rotational centre of the goniometer to the front of the lens cap cross hairs

= 
is the adjusted entrance angle (corrected for the angle of the angle plate.) angle.

6.3.6 Remove the baffle plate ensuring the ruler does not move, then place a vertical white target sheet with a horizontal line at the calculated distance (to the nearest 0.5mm) from the beam centre on the vertical stand.
6.3.7 Adjust the goniometer until the reflection line between the reflective and masked area of the mirror lies along the horizontal line on the target sheet. Check the angle with the angle measurement on the goniometer (approximate).
6.3.8 Check the beam axis with the baffle and reset the ruler.

6.3.9 Again measure the distance to the baffle, recalculate required height and replace the target sheet in the correct position.

6.3.10 Adjust the goniometer until the reflection line between the reflective and masked area of the mirror lies along the horizontal line on the target sheet. The entrance angle is now correct.

6.3.11 Recheck the position of the luminance meter, the squareness of the plate to the beam axis and its centrality using the plumbline.

6.3.12 Recheck the focus and the aim point of the luminance meter.

6.3.13 Recheck the observation angle.

6.3.14 Remove the vertical stand, angle plate, mirror, and any other devices.

6.3.15 Remove the occulting slit from the source.

6.3.16 The equipment is now set up for test.

6.4
Measurement of Illumination
6.4.1 Set up the photometer according to manufacturer’s instructions.

6.4.2 Remove the dummy plate, ensure the front masking plate is removed. Place and clamp a 5mm straight edge across the plate at the scribed line on the plate holder (this indicates the axis of rotation of the goniometer and the centre of the nominal measuring area). 

6.4.3 Place the calibrated photometer detector against this straight edge flat on the plate.

6.4.4 Take 3 equally spaced readings in the centre of the plate when using the 2’ aperture (whose measurement width is only 6mm) and five readings spaced at 15mm intervals when slit measurements are being made. The average of these readings is recorded as   “Emax Before test”

Note: For subsequent checking purposes a similar set of readings is taken and recorded 
using the front location bar to align the detector.  These figures are recorded as “Emax Front of plate, before test.
6.5
Calibration of Luminance Meter
6.5.1 Turn on the power supply a minimum of 24 hours before commencement of measurements. Run it on constant current at the test current through a resistance shunt.

Note: Do not allow any radiant heat source (eg halogen downlight) to radiate onto the Spectra Pritchard control unit, as stability is dependant on a relatively constant temperature environment. 
6.5.2 Switch the Spectra Pritchard on at least 1 hour before calibrating and testing. Run the light source for at least 15 minutes at the test current (nominally 3.03 amps) immediately before testing. The current is monitored by the voltage drop over a calibrated shunt throughout the test.

6.5.3 The plates must be clean before test. Washing in accordance with Appendix 2 is required before testing. Plates must only be removed from their protective box immediately before test and replaced immediately after measurements have been taken.

6.5.4 Calibrate the Spectra Pritchard 80B luminance meter as follows (See instruction booklet for details):
1) Switch on the control unit 1 hour before calibrating, turn the sensitivity range to that to be used for test, and turn on the detector unit.

2) Turn the front wheel to “open aperture”, turn the rear wheel to “calibrate”, the top lever to measure, the rear lever to “closed” and the aperture knob to 2’. Set the sensitivity to high.

3) With the control unit range knob completely anti-clockwise, zero the amplifier with the left knob at the bottom of the control unit. 

4) Turn the range knob one step clockwise to auto dark current. Allow to rest in this position for about ten seconds.

5) Turn the range knob a further step clockwise. The reading should be 0.00.

6) On the measurement unit flick the rear lever up to the “measure” position.

7) The display will ramp up and stabilise. Adjust to the current calibration figure for photometry. Close the measurement lever.

8) Turn the range knob back to “zero amplifier” check this is still zero or adjust back to zero. Repeat the above calibration steps. The unit should be stable at the calibration figure ± 0.01.

9) The unit is now calibrated.

6.5.5 With the rear lever “closed” move the range knob one step further clockwise to “autorange”. On the measurement unit rotate the rear wheel to “photometric” and put the rear lever up to measure.

6.5.6 Check that the luminance meter has not moved during the calibration process (aiming in particular) with the top lever forward to view. 

6.5.7 Move the lever back to “measure”. The Spectra Pritchard is now ready for measurement.

6.6
Measurement of Panels
6.6.1 Scrupulously clean the base of the test panel holder. There must not be any beads or other significant particles on the panel holder.

Note: The test panel holder must be cleaned prior to placement of each panel to ensure that no particles remain under the test panel.
6.6.2 Remove the panel carefully from the box immediately before test, and clean in accordance with the procedure described in Appendix 2.

6.6.3 The panel is placed on the holder and lined up with the locating bars. The plate is placed with the blue sidelined edges to the rear. The masking plate is carefully placed in front of the sample holder and pressed against the Velcro pads. When correctly placed, the masking plate will shadow 10-30mm from the front of the plate.
6.6.4 Twenty readings are taken across the plate at 5mm intervals, as elongated slices of the test panel surface. The first reading is taken with no spacers and subsequent readings taken with an additional 5mm spacer before each reading. The luminance meter shall be allowed to stabilise before recording the value.
6.6.5 At the conclusion of the test session the plate illumination is measured and recorded as “Emax After test” and “Emax Front of plate, after test’, in accordance with clause 6.4. The correlated colour temperature is also measured using a colour temperature meter. Any movement of the meter alignment is checked by viewing the panel through the eyepiece. Any drift in calibration of the Spectra Pritchard Luminance meter can be ascertained by a calibration check, turn the range knob anti-clockwise to “Calibrate”. Put the rear lever on the measurement lever down and turn the rear wheel from “photometric” to “Calibrate”. Then put the rear lever up to “Measure” and wait for the display to count up and stabilise. If any of these after test readings differ significantly from those taken at the beginning of the test, results must be discarded and the process repeated.

6.6.6 The coefficient of retroreflected luminance is calculated using the following formula:
Coefficient of retroreflected luminance mcd/m²/lx  = (Lsp x Fap x Fra) x1000/ (Emax(av) x Fph)
where 

Lsp = 
luminance (cd/m²) measured by the luminance meter

Emax(av)  =  Arithmetic mean  of   “Emax Before test” and “Emax After test”

Fap =  
Aperture correction factor for the luminance meter (from calibration report)

Fra  =  
Range correction factor for the luminance meter (from calibration report)

Fph  = 
Photometer correction factor  (from calibration report)
7.0 CALCULATIONS

The following calculations are based on examples only. Actual entrance and observation angles must be used in all calculations.

7.1
Entrance angle

The desired entrance angle is established by calculating the “opposite” dimension for the desired angle, subtended by the “adjacent” and “hypotenuse”, of a right angle triangle. 

The distance from the panel to the staff, along the horizontal will be the adjacent, whilst the distance from the panel to the lower staff mark will be the hypotenuse. It should be noted that the light exiting from the mirror doubles the angle, and this adjustment has been allowed for in the calculations shown below. 

For an entrance angle of 1.24° and a hypotenuse of 7 metres:
h (mm)=sin (2 x entrance angle°) x hypotenuse x 103
h1(mm)=sin (2 x 1.24) x 7 x 103

h1 = 302.9mm

7.2
Observation angle

The desired observation angle is established by calculating the “opposite” dimension for the desired angle, subtended by the “adjacent” and “hypotenuse”, of a right angle triangle. The distance from the panel to the staff, along the horizontal will be the adjacent, whilst the distance from the panel to the upper staff mark, on the line to the Spectra Pritchard, will be the hypotenuse. Half of the lens dimension is added to the opposite dimension to ensure alignment with the centre of the lens.

For an observation angle of 1.05° and a hypotenuse of 11 metres: 

h (mm)=sin (observation angle°) x hypotenuse x 103] + (lens diameter/2)

h0 (mm)=sin (1.05) x 11 x 103] + 32
h0 = 233.9mm

7.3
Coefficient of Retroreflected Luminance

Calculate the coefficient of retroreflected luminance of each plate using the formula:

coefficient of retroreflected luminance  =   L/E x1000  mcd/m²/lx  

where:

L is the measured (corrected) retroreflected luminance in mcd/m2

E is the mean (corrected) illuminance value in lux obtained before and after the 
luminance determination on the plate.

8.0 PRECISION

An uncertainty of measurement of ± 6.74% has been determined for this method, at a confidence level of 95% with a nominal coverage factor of 2.

Uncertainty of Measurement determined by and for DPTI Technical Services Group, P&S Section.
9.0 DOCUMENTATION

9.1
Reports

Nil

9.2
Documentation

9.2.1 Record time and dates.

9.2.2 Record values of all measurements.

9.2.3 To be signed by a qualified person stating name and title.

9.2.4 To be checked and counter-signed by a second qualified person stating name and title.

9.2.5 Document to be kept on file for presentation or reference when required.

Appendix 1

Apparatus placement and vital parameters
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Diagram 1

Side view - horizontal










Top view - linear


Diagram 2
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Diagram 3
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Diagram 5
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Appendix 2

Cleaning of Primary and Secondary Reference Plates
1.0 PURPOSE

The procedure describes the processes to be used when cleaning retroreflective reference panels.

2.0 SCOPE

This procedure applies to reference panels consisting of paint and glass beads applied over a glass substrate.

3.0
MATERIALS AND EQUIPMENT

· Plastic container, minimum capacity 8 L

· 50mm soft synthetic bristle paint brush

· ROAR (rag on a roll) or similar soft paper towel.

4.0
 PROCEDURE

4.1
Place a minimum of 4 L of warm (25-35°C) fresh water in the plastic container.

4.2
Hold the panel by the edges only, wet the brush in the water and gently pass the brush from the top to the bottom of the panel, with the bristles trailing at an angle of approximately 45° to the panel.

4.3
Dip the brush into the water, and repeat the brushing action over the adjoining section of plate, repeating until all of the panel has been covered.

4.4
Rinse the panel surface under flowing fresh water, then allow to drain for a few seconds.

4.5
Pad the surface of the panel dry using several layers of paper towel, then stand in a vertical position to air dry.

4.6
Panel shall be tested immediately after drying.

Note: The face of panels must never be touched by bare hands as contamination may occur.
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