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(7) ABSTRACT

This invention relates to reflectivity measuring apparatus.
This invention provides reflectivity measuring apparatus for
assessing the integrity of road markings including a light
source. a light sensor and a processing means, the apparatus
being mounted on a vehicle such that, in use, the light source
illuminates a reflective surface on a road marking, and
wherein the light sensor detects any reflected light and the
data signal is received by the processing means, the pro-
cessing means processes the data to provide information on
the reflectivity of a said reflective surface. In another aspect
of the invention there is provided a computer controlled
process for determining the integrity of light reflective road
markings, the computer being programmed to carry out the
steps of getting data on the reflectance levels of road
markings; calibrating the data by multiplying the data with
a predetermined calibration factor; and determining whether
the road marking
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REFLECTIVITY MEASURING APPARATUS AND
METHOD

TECHNICAL FIELD

[0001] This invention relates to reflectivity measuring
apparatus. More particularly, but not exclusively, this inven-
tion relates to a method and apparatus for assessing the
integrity of road markers and markings.

BACKGROUND ART

[0002] Light reflective road markings and markers are
extensively used to demarcate vehicle lanes and supply vital
information to drivers about sections of road. They function
by reflecting or retroreflecting light rays entering the reflec-
tive material of the road marking back to a driver. This is
achieved, for example, by a vehicle’s headlights beaming
onto the road marking. Road markings include coloured
lines of varying composition and markers such as raised
pavement markers (RPM’s). Maintaining the reflectivity of
road markings is an important aspect of road safety.

[0003] Road markings, and in particular RPM’s, are peri-
odically tested to ensure they continue to meet minimum
standards of reflectivity/retroreflectivity. Many road authori-
ties stipulate a minimum acceptable reflectance value for an
RPM. A conventional method of checking RPM’s is by way
of night time drivebys using headlights whereby personnel
visually assess each RPM and tag any that appear to reflect
a low level of light. RPM’s can then be replaced at that time
or replaced at a later date. Disadvantages with this method
include being restricted to night-time testing; visual assess-
ments are subjective and can vary between different tests and
personnel which can result in erroneous results and the
unnecessary replacement of RPM’s; assessment conditions
such as vehicle headlight strength and angles, speed, oncom-
ing traffic and weather conditions can contribute to errone-
ous diagnoses; and auditing of personnel and their assess-
ments can be difficult and subjective. These disadvantages
can result in inefficient expenditure on road markings.

[0004] An alternative known method is to use a portable
hand held measuring instrument. In this case, operators walk
beside road markings and take measurements at spaced
distances along a section of road. Disadvantages with this
method include the amount of time required to cover sec-
tions of road and take measurements, road closure delays
causing an inconvenience to motorists, a high cost to roading
authorities, an unacceptable risk to users who are exposed to
road traffic and pollution on sections of road such as
motorways and tunnels.

[0005] Inthe case of RPM’s, they are generally secured to
the centreline or to lines separating lanes and have two
highly reflective surfaces to reflect light from a vehicle’s
headlights back to its driver. The reflected light offers an aid
to night time driving. As RPM’s are generally devices made
of a plastics material and raised above the road level, they
deteriorate quickly due to repeated tyre abuse. Therefore,
they require regular integrity checks and maintenance.

[0006] Tt is an object of the present invention to provide a
method and apparatus for testing the integrity of road
markings which overcomes at least some of the abovemen-
tioned problems, or which at least provides the public with
a useful choice.
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SUMMARY OF THE INVENTION

[0007] In a first broad aspect of the invention there is
provided a reflectivity measuring apparatus for testing the
integrity of road markings including a light source, a light
sensor and a processing means, the apparatus being mounted
on a vehicle such that, in use, the light source illuminates a
reflective surface on a road marking, and wherein the light
sensor detects any reflected light and the data signal is
received by the processing means, the processing means
processes the data to provide information on the reflectivity
of a said reflective surface.

[0008] Preferably the apparatus further provides a locating
means for determining the location of a road marking.
Desirably the location means is a global positioning system
or a vehicle gearbox revolution sensor.

[0009] Advantageously a plurality of light sensors are
provided to cover a wide field of view, each said light sensor
detecting any reflected light from a different area of road and
providing a data signal to the processing means representing
the reflectivity of each said area of road.

[0010] Preferably the apparatus further comprising an
audio and/or visual means to provide an indication of the
location of the said road markings relative to the vehicle.

[0011] Preferably a plurality of said light sources and a
plurality of said light sensors provide simultaneous testing
of a plurality of said road markings. Desirably the light
source and the light sensor are adjustable. Preferably the
light sensor is mounted in front of a corresponding said light
source.

[0012] Desirably the processing means stores data mea-
sured on the reflectance level and location of each said road
marking tested. Preferably a predetermined acceptable
reflectance level for the road marking is obtained as a
reference reflectance level against which each said road
marker being tested is compared by the processing means.
Preferably the processing means is a computer.

[0013] Desirably the apparatus further comprises a tag-
ging means for identifying said road markings that do not
meet the predetermined acceptable reflectance level. Pref-
erably the tagging means includes a paint capsule dispenser
activatable by the processing means.

[0014] Preferably the said road markings are raised pave-
ment markers with at least one reflective surface.

[0015] In another aspect of the invention there is provided
a computer controlled process for determining the integrity
of reflective road markings, the computer being pro-
grammed to carry out the steps of:

[0016] a. getting data on the reflectance levels of road
markings;

[0017] b. calibrating the data by multiplying the data
with a predetermined calibration factor; and

[0018] c. determining whether the road marking
meets a predetermined acceptable reflectance level.

[0019] Preferably the process further includes the step of
filtering the data by calculating an average reflectance level
from a set of sampled data.
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[0020] Preferably the process further includes the step of
getting data from a vehicle gearbox revolution sensor and
determining the distance travelled from the start position of
the road marking test so as to determine the location of each
road marking.

[0021] Preferably the process further includes the step of
activating a road marker tagging means to tag a road marker
if it is determined as having a reflectivity level which does
not meet the predetermined acceptable reflectance level.

[0022] Preferably the process further includes the step of
storing on any suitable medium the location and reflectivity
level of each road marker.

[0023] Preferably the process further includes the step of
determining the location of any missing road markers by
recognising patterns in existing road marker locations and
with being provided with information on the spacing of
known valid road markers.

[0024] Preferably the process further includes the further
step of converting data to a format for presentation in either
a graphical or numerical form, and be viewed in real time on
a monitor or in printed form.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Preferred embodiments of the invention will now
be illustrated, by way of example only, with reference to the
accompanying drawings in which:

[0026] FIG. 1: illustrates a side view of a reflectivity
measuring apparatus according to a preferred embodiment
of the invention;

[0027] FIG. 2: illustrates a top view of the reflectivity
measuring apparatus of FIG. 1;

[0028] FIG. 3: illustrates a block diagram of components
of the reflectivity measuring apparatus according to the
preferred embodiment of the invention;

[0029] FIG. 4: illustrates a flow chart of the computer
software algorithm controlling the computer according to an
aspect of the invention; and

[0030] FIG. 5: illustrates a diagram of the reflectance
levels of a number of road markings on a stretch of road.

DETAILED DESCRIPTION OF THE DRAWINGS

[0031] Referring to FIGS. 1 and 2, in a first preferred
embodiment of a reflectivity measuring apparatus, generally
indicated by 1, according to a broad aspect of the invention,
is illustrated.

[0032] The apparatus 1 is designed to measure the reflec-
tivity of road markings 2 when in transit. The apparatus 1 is
mounted on a moveable platform in the form of a vehicle 3.
The apparatus I can obtain reflectivity measurements, inter
alia, with the vehicle 3 travelling at speeds of up to about
100 kph. This means that testing can be carried out alongside
other vehicles on a road without being an inconvenience or
impediment to the normal flow of traffic.

[0033] The apparatus 1 can test the reflectivity of a wide
variety of reflective road markings and road markers such as,
for example, road signs and posts, reflective painted lines
whether continuous or broken, and more particularly raised
pavement markers. For simplicity the description of the
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preferred embodiment of the invention will be limited to
raised pavement markers 2 (referred to herein as “markers”).
However, it will be appreciated by those skilled in the art
that the apparatus 1 can be adapted to measure other types
of reflective markings on or adjacent the road.

[0034] Markers 2 are generally fastened or secured along
lanes, particularly the centreline of a road, every 5 to 20
metres, more or less. They can have two reflective surfaces
facing vehicles in either direction on the road. In some
countries such as Australia they are, in some areas, mounted
in pairs on either side of the centreline. The marker faces are
designed to reflect light from a vehicle’s headlights back to
its driver. The reflected light offers guidance to drivers on the
location of lanes demarcating a road.

[0035] The apparatus requires a light source 4 in the form
of a standard vehicle headlight such as to achieve a real life
response from the markers 2. A continuous 12 V, 100 W
sealed beam unit is suitable and is powered by a stable
power supply 12. The light source 4 is of relatively constant
and even intensity when a wide beam is projected about 2.3
meters from a platform or unit 5 located at the front of the
vehicle 3 to cover a 3 metre by 0.5 metre area. Area Adefines
the test area for the apparatus 1.

[0036] The positioning of the unit 5 is at a lower height
than a normal vehicle headlight to obtain the correct light
source and sensor angles. The incident angle between the
angle of the beam to road level is held constant over any one
test and is generally between about 1 to 30 degrees, but
preferably between about 13 and 17 degrees. The incident
angle is adjustable but is set to account for factors such as
testing markers 2 around bends and on undulating roads. A
reflected light results from the beam illuminating the for-
ward face 6 of a marker 2. It is this reflected light that is
measurable in a quantitative way by aspects of the invention.

[0037] 1t will be appreciated a wide variety of light
sources can be suitable for this form of testing. A narrow or
wide beam could be used. The advantage with a wide beam
is that a wider workable area A is achievable and a feedback
system to alert an operator of any vehicle 3 wandering is
provided. The beam projects a short distance to account for
various road conditions and placement of markers.

[0038] A light sensor 6 detects the reflected light from a
marker 2. In this embodiment sensor arrays containing a
plurality of sensors, generally five or ten, are advantageously
aligned in an encased module 6a to increase the field of view
of the apparatus 1. The module 64 is adjustable to increase
the accuracy of the measurements.

[0039] The sensors are photodiodes mounted precisely on
the module 6a at a height and angle to properly detect
reflected light. A variety of light sensors are envisaged as
being suitable in the apparatus 1. In the case of sensing
coloured markers, light sensors with different spectral
responses or similar light sensors with different filters can be
used. The data signals detected by the sensors will indicate
the colour of a road marking being tested. This feature is
useful in situations where the apparatus 1 is being used to
test different coloured road markings simultaneously.

[0040] In a situation where markers are arranged side by
side on either side of a centreline, a higher number of light
sensors, desirably about ten light sensors, are mounted in a
sensor array or module 6a. Each sensor is arranged to detect
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reflected light from a relatively small viewing angle.
Reflected light from these markers can be detected simul-
taneously by desirably two of the light sensors.

[0041] The light sensor module 6a is mounted forward of
the light source 4 to increase the signal strength and to
reduce the observation angle to almost zero. The observation
angle is the angle between the incident and reflected light
and is generally about 0.2 degrees. The angle can be adjusted
to account for roading authorities standards.

[0042] The unit 5 is mounted to the vehicle 3 by brackets
7. The unit § should be rigidly mounted to minimise
vibrations. To allow the vehicle 3 to be driven normally in
a lane on a road, the unit 5 is mounted to the side of the
vehicle 3.

[0043] 1t will be appreciated the test area A may be varied
as required. This can be done by selecting a light source 4
with a desirable width of beam. The additional width of
beam may be desirable for testing markers 2 that are spaced
apart on the road. Additional light sensors 6 may be used in
such circumstances.

[0044] Referring now also to FIG. 3, a block diagram of
components of the apparatus I according to the preferred
embodiment, is illustrated. The various components are
arranged and configured to obtain the required information
to conduct the reflectivity tests.

[0045] The processing means is in the form of a computer
8 programmed by a computer program 9 to carry out a
method of testing the integrity of road markings according
to an aspect of the invention.

[0046] In operation, an operator in the vehicle 3 initiates
the measurement process by sending a signal via the com-
puter 8 to activate the light control relay 10. This is conve-
niently achieved by using a control box 11 located by the
operator in the vehicle 3. The relay 10 switches power from
the power supply 12 to the light source 4. The light source
4 subsequently illuminates a reflective surface of a marker 2
and the reflected light is detected by one or a number of the
light sensors 6 in the module 6a which has been aligned to
detect light from a particular area of road.

[0047] The output analogue signal is fed to an analogue to
digital converter (ADC) 13 with the resultant output digital
signal or data being received by the computer 8. An ana-
logue to digital multifunction data acquisition card with a
high sampling rate and range of data collection options is
used as the ADC 13. The sampling rate is desirably at about
10 kHz which means the apparatus 1 is capable of sampling
road marking reflectance level data at frequent intervals.

[0048] TLocation means for determining the location of the
markers 2 is also obtained to allow identification of each
marker 2 being tested. A gearbox revolution sensor 14 is
used to obtain a measurement of the speed of the vehicle 3
and the distance travelled from a reference point. Alterna-
tively a GPS interface 15 can be used to pinpoint the position
of the vehicle and/or markers 2 as measurements are being
taken.

[0049] The computer 8 is programmed to analyse the data
collected by the apparatus 1. As the processing steps are
carried out within a short period of time, the apparatus 1 is
capable of tagging physically any markers 2 in the test run
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that do not meet the predetermined minimum acceptable
reflectance level. This is achieved using a road marker
tagging means 16.

[0050] The computer 8 is a standard computer, and desir-
ably a laptop for convenience purposes. The processing
speed and technical specifications of the computer 8 should
be powerful enough to be capable of processing the incom-
ing data from the ADC 13 and vehicle gearbox and/or GPS
Sensors.

[0051] In operation, if the computer program determines
that a marker 2 does not meet the minimum acceptable
reflectance level, a signal will be sent to the tagging means
16 to tag the faulty or unacceptable marker 2. This can be
done as the vehicle 3 is passing any faulty markers.

[0052] The processed data may be viewed on a computer
monitor 17 or be printed by printer 18. An operator can also
select computer function options and input reference data
via a keyboard 19. Data storage medium 20 in the form of
a hard disc or floppy drive is used. Further details of the
computer program used to carry out the testing is described
below and in the algorithms illustrated.

[0053] Referring now to FIG. 4, a flow chart of the
algorithm controlling the computer 8 according to an aspect
of the invention, is illustrated.

[0054] The process of the preferred embodiment of the
present invention employs an algorithm characterised by a
series of steps for determining the integrity of particular road
markings on a road being tested and storing and /or display-
ing the results.

[0055] The computer controlled process is initiated via
control box 11 to operate the computer 8.

[0056] The first process step a. includes getting the data
from the output of the ADC 13 on the reflected light detected
by the light sensors 6. As multiple sensors are desirably
used, each light sensor 6 requires a separate data channel.

[0057] Process step b. includes filtering the data by cal-
culating the average reflectance level from a set of sampled
data from each sensor to smooth out fluctuations caused by
mechanical vibrations, road imperfections, electrical inter-
ference and noise and the like.

[0058] Process step c. involves calibrating the data by
multiplying the data with a predetermined calibration factor
to calibrate for different positions in the light sensor module
6a.

[0059] The calibration factor for a range of markers can be
obtained by conducting static tests in a laboratory, and
additionally with checks on the road. One type of static test
is to mount markers on a conveyor belt at even distances
apart and to arrange the apparatus I to measure the reflec-
tivity of the markers. Multiple static tests at different track-
ing distances are also conducted to calculate accurate cali-
bration factors for each individual sensor in the array.

[0060] Process step d. involves determining the vehicle
position on the road and providing an audio and/or visual
indicator means for the operator of the vehicle 3. This
enables the operator to maintain the vehicle 3 in a proper
position on the road to allow the apparatus 1 to obtain
reflectivity measurements. As each of the five light sensors
6 covers a section of the area A and data from each light
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sensor is received showing the reflectance levels across area
A of the road, then given that background reflectance levels
on non road marking sections of the road are low and road
markers 2 are relatively high, the computer program can
detect which light sensor 6 is reading the highest reflectance
reading and to provide the operator with that information.

[0061] The operator will desirably have the most central of
the light sensors 6 detecting the highest reflectance levels.
That way if the vehicle 3 wanders, the outer light sensors
will detect the highest reflectance levels from the markers 2
to prevent invalid test runs being conducted.

[0062] The indicator signal means is an audio and/or
visual signal from the control box 11 which aids the operator
in maintaining the correct position of the vehicle 3 and hence
the apparatus I on the proper course when measurements are
being taken.

[0063] Process step e. involves getting data from the
vehicle gearbox revolution sensor 14 and determining the
distance travelled from the start position of the road marking
test so as to determine the location of each road marking.

[0064] This information is used to tag or identify the road
markers tested along a stretch of road.

[0065] Process step f. involves determining the back-
ground reflectance level on the road and establishing non-
marker reflectance levels.

[0066] Process step g. involves selecting, from data
obtained in step a., which reflectance levels indicate a road
marker. In the case of road markers the peak responses
sensed are determined as the highly reflective surfaces of a
road marker.

[0067] Process step h. involves determining the reflec-
tance level of the road marker in a value of millicandela per
Lux (CIL) or as a percentage of the predetermined standard
reflectance level.

[0068] Process step i. involves activating the tagging
means 16 to tag a road marker if it is determined as
measuring a reflectivity less than the predetermined mini-
mum acceptable reflectance level. It will be appreciated that
by tagging the road marker, it can later be identified and
replaced as required.

[0069] Process step j. involves storing on any suitable
medium, such as a hard disk or floppy disk, the location and
CIL levels of each road marker.

[0070] Process step k. involves determining the location of
any missing road markers by recognising patterns in existing
road marker locations and according to known valid road
marker spacings.

[0071] Process step 1. involves converting data to a format
for presentation in either a graphical or numerical form, and
be viewed in real time on a monitor or in printed form.

[0072] An advantage is attained by having measurements
made in real time as the results of a test run can be viewed
in graphical or numerical tabled form on the computer
monitor 17 and an assessment made as to whether the
apparatus is measuring accurately or not.

[0073] The data obtained on the reflectance level and
location of each road marking tested can be stored and later
used in a rerun of a stretch of road tested earlier. An
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additional process step can enable the apparatus 1 to be used
for a rerun. In operation, the computer 8 will issue a visual
and/or audio signal to indicate to an operator the location of
any defective road markings for replacement. This feature is
particularly desirable in that information and test runs can be
conducted at night and markers can be replaced during the
day.

[0074] 1t will be appreciated that more than one unit 5 can
be mounted on the vehicle 3 to be used to obtain reflectance
levels from opposing reflective surfaces of a road marker. In
this case, an additional processing step in the algorithm can
be used to match the reflectance levels measured from the bi
directional faces of a road marker to be analysed, stored and
displayed. Further, dual sets of light sources and light
sensors can be mounted in opposite directions in one unit 5.
This is generally the side adjacent the centreline where bi
directional markers are operating. This way, both faces of a
marker 2 can be tested in one pass by the apparatus 1.

[0075] Inthe case of having three sets of light sources and
sensors, the computer 8 is capable of simultaneously pro-
cessing data obtained by the light sensors.

[0076] 1t will be further appreciated that further analyses
of the data is commercial useful such as calculating the
number of markers tested, the percentage of markers mea-
suring lower than the predetermined acceptable reflectance
level, and the like. Further programming steps and routines
could be included in the processing steps to tailor the
particular application required.

[0077] As roading authorities worldwide invariably advo-
cate different standards for road markings, the computer
program is envisaged as displaying the analysed data from
a test in a way and to an extent that meets the criteria of each
country.

[0078] Referring now to FIG. 5, a diagram representing
the reflective levels measured from a number of road mark-
ings on a stretch of road, is illustrated.

[0079] The  component represents the location of each
marker 2 and the distance travelled in kilometres from the
start point in the test run. In the diagram shown the distance
of 6 km from the 6 km point is displayed. The y component
represents the reflectance levels of the front face of each
marker 2 in millicandella (mcd/lux). The negative y com-
ponent shows the reflectance level of the rear face of each
marker 2. The threshold minimum acceptable reflectance
level B is displayed for easy reference of the defective
markers 2 measured.

[0080] The graphical displays of test results can be viewed
in real time by an operator as a check that tests are being
conducted properly or at a later date for auditing purposes or
otherwise.

[0081] Additional advantages of the present invention will
become apparent for those skilled in the art after considering
the principles in particular form as discussed and illustrated.
Thus, it will be understood that the invention is not limited
to the particular embodiments described or illustrated, but is
intended to cover all alterations or modifications which are
within the scope of the appended claims.

1. A reflectivity measuring apparatus for testing the integ-
rity of road markings including a light source, a light sensor
and a processing means, the apparatus being mounted on a
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vehicle such that, in use, the light source illuminates a
reflective surface on a road marking, and wherein the light
sensor detects any reflected light and the data signal is
received by the processing means, the processing means
processes the data to provide information on the reflectivity
of a said reflective surface.

2. An apparatus according to claim 1 further providing a
locating means for determining the location of a road
marking.

3. An apparatus according to claim 2 wherein the location
means is a global positioning system or a vehicle gearbox
revolution sensor.

4. An apparatus according to any one of the preceding
claims wherein a plurality of light sensors are provided to
cover a wide field of view, each said light sensor detecting
any reflected light from a different area of road and provid-
ing a data signal to the processing means representing the
reflectivity of each said area of road.

5. An apparatus according to claim 4 further comprising
an audio and/or visual means to provide an indication of the
location of the said road markings relative to the said
vehicle.

6. An apparatus according to any one of the preceding
claims wherein a plurality of said light sources and a
plurality of said light sensors provide simultaneous testing
of a plurality of said road markings.

7. An apparatus according to any one of the preceding
claims wherein the light source and the light sensor are
adjustable.

8. An apparatus according to any one of the preceding
claims wherein the light sensor is mounted in front of a
corresponding said light source.

9. An apparatus according to any one of the preceding
claims wherein the processing means stores data measured
on the reflectance level and location of each said road
marking tested.

10. An apparatus according to any one of the preceding
claims wherein a predetermined acceptable reflectance level
for the road marking is obtained as a reference reflectance
level against which each said road marker being tested is
compared by the processing means.

11. An apparatus according to any one of the preceding
claims wherein the processing means is a computer.

12. An apparatus according to claim 10 further compris-
ing a tagging means for identifying said road markings that
do not meet the predetermined acceptable reflectance level.
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13. An apparatus according to claim 12 wherein the
tagging means includes a paint capsule dispenser activatable
by the processing means.

14. An apparatus according to any one of the preceding
claims wherein the said road markings are raised pavement
markers with at least one reflective surface.

15. A computer controlled process for determining the
integrity of reflective road markings, the computer being
programmed to carry out the steps of:

a. getting data on the reflectance levels of road markings;

b. calibrating the data by multiplying the data with a
predetermined calibration factor; and

c¢. determining whether the road marking meets a prede-

termined acceptable reflectance level.

16. The process of claim 15 including the step of filtering
the data by calculating an average reflectance level from a
set of sampled data.

17. The process of claim 16 including the step of getting
data from a vehicle gearbox revolution sensor and deter-
mining the distance travelled from the start position of the
road marking test so as to determine the location of each
road marking.

18. The process of claim 17 including the step of activat-
ing a road marker tagging means to tag a said road marker
if it is determined as having a reflectivity level which does
not meet the predetermined acceptable reflectance level.

19. The process of claim 18 including the step of storing
on any suitable medium the location and reflectivity level of
each road marker.

20. The process of claim 19 including the step of deter-
mining the location of any missing road markers by recog-
nising patterns in existing road marker locations and with
being provided with information on the spacing of known
valid road markers.

21. The process of any one of the preceding claims
including the further step of converting data to a format for
presentation in either a graphical or numerical form, and be
viewed in real time on a monitor or in printed form.





