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(57) Abrégée/Abstract:
The present application discloses control apparatus for controlling application of line marking material to refurbish an old line
pattern on a pavement surface, said control apparatus comprising a first line detector mounted in use at a forward position whereby
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(57) Abrege(suite)/Abstract(continued):

a first predetermined width of said pavement surface substantially greater than said old pattern width Is transverse scanned with
Information indicative of said old line pattern viewed by said first line detector being retained over a first predetermined length of said
pavement surface In the direction of said old line pattern, a second line detector mounted In use rearwardly of said first line
detector, said second line detector In use being arranged to transverse scan a second predetermined width of said pavement
surface substantially greater than the width of said old line pattern with information indicative of said old line pattern viewed by said
second line detector being retained over a second predetermined length of said pavement surface in the direction of said old line
pattern, said first line detector producing a lateral shift control signal indicative of lateral shift of said old line pattern as sensed with
sald lateral shift control signal being adapted to control lateral movement of line marking material applicator to correctly deposit saia
ine marking material over lines forming said old line pattern, said first line detector further recognising, preferably by a neural
network, transition points In said old line pattern and providing signal indicative of said transition points to said second line detector,
sald second line. detector including a transition detector which receives the signal indicative of transition points from said first line
detector and information from the transverse scan of said second line detector and in response thereto provides a control signal to
control on/off conditions of said line marking material applicator.
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s The present application discloses control ap- e TER P EECOMETER
1 paratus for controlling application of line mdrkmg' SIGNAL

material to refurbish an old line pattern ona pave- | . K UAvEY
| ment surface, said control apparatus compnsmg a SYSTEM

B ﬁrst line detector mounted in use at a forward posi-
| tion whereby a first predetermined width of said e
| pavement surface substantially greater than said old D AREATEN I

. | pattern width is transverse scanned with information . | DIRECTION
| indicative of said old line pattern viewed by said first hoso “oooueren/ || 10LE0
| SUAFACE SPEEDOMETER MARKINGS
| line detector being retained over a first predetermined WAGE_ [ CONTROL LaonSIGHNAL .on.
REER. SYSTEM VEMICLE
| length of said pavement surface in the direction of )\’/ rerae || | TRAVEL
| said old line pattern, a second line detector mounted i aum o

| in use rearwardly of said first line detector, said sec- Cune | SoNA ”

| ond line detector in use being arranged to transverse - STATUS .

.| scan a second predetermined width of said __p.ayem_ent. | SHUT-DOWN
) s_u_rfa(:e substantially greater than the width of said MECHANICAL oo

-~ | old line pattern with information indicative of said \_/

| old line pattern viewed by said second line detector

bemg retained over a second predetermmed length of
- said pavement surface in the direction of said old line
pattern, said first line detector producing a lateral shift control signal indicative of lateral shift of said old line pattern as sensed
- with said lateral shift control signal being adapted to control lateral movement of line marking material apphcator to correctly de-
posit said line marking material over lines forming said old line pattern, said first line detector further recognising, preferably by

| a neural network, transition points in said old line pattern and providing signal indicative of said transition points to said second

line detector, said second line. detector including a transition detector which receives the signal indicative of transition points
from said first line detector and information from the transverse scan of said second line detector and in response thereto pro-
vides a control signal to control on/off conditions of said line marking material applicator.
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The preseni invention relates generally to apparatus for applying lines of
desired configuration onto a roadway or pavement surface and more particularly
to apparatus for controlling app!ication of paint or other line marking materials to
accurately repeat proviously' formed lings on the roadway or pavement surface.
Roadway or pavement marking lines (either centre lines or margin lines)
inevitably wear out over time and the rehabilitation of these marking lines is a
task that must be oontmually camed out by roadway maintenance organisations.
The length of roadways | in many countries including Australia result in a need for

A

- 10 machinery that can aocurately retorm old line markings at relatively high speed

15

$0 that costs can be mtmmtsed There are in fact many difficulties involved in

_oetng able to accurately_ ._reform old making lines at high speed and some of
these include difficuities with distinguishing the old line itself caused by

extraneous road markmgs such as changes in road surface colouring, shadows,
unusual colouring areas such as onl or paint splashes, and simply in some cases

~as a resuit of extreme wear of the old line. Moreover, changes in pattern
'configuratrons also cause d‘ftlculties tor continuous high speed reforming of oid
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lines. | |
~In prior patent lrterature there have been disciosed many proposals for

-mechanrsmg retormmg ot oId pavement lines. Some of these are disclosed in

g us Patent Nos 3046854 31 01175 3286929 and 3298352, all of which would
- ._'have varrous problems assocrated wrth being able to distinguish old line
'?'markmgs. to be able to aocuratety repeat those old line markings and more

- -partncularty. (0] handte changes in line pattemns. In United States Patent No.
L 25 5,054,959 there is dasclosed apparatus for distinguishing old line markings on a

roadway surface and in response thereto, cofrrectly positioning paint applicator

“guns so that pamt could be applled correctly over the old line markings. This
apparatus has been used successfully but certain difficulties have arisen in

relation to recognition of old line marklngs including pattern changes in those

30 markings, particularly when Operatmg at high speed.

The objective theretore of the present invention is to provide
improvements in control. apparattts for machinery of the type generally disclosed
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in US Patent No. 5,054,959 to improve recognition of old line markings and
particularly changes in pattern formats in those line markings. Preferably it is an
objective of the present invention to enable operational speeds to be improved by
improved old line and line pattern recognition.

According to a first aspect of the present invention there is provided In
control apparatus for controlling application of line marking to refurbish an old line
pattern on a pavement surface, said control apparatus including at least one line
detection means adapted in use to transverse scan a predetermined width of said
pavement surface substantially greater than a width of said old line pattern while
being carried forwardly in the direction of said old line pattern, said at least one
line detection means including pattern transition detector means taught through a
neural network to recognise line pattern changes and in response thereto, control
line marking material applicator means to repeat accurately said line pattern
changes.

According to a further aspect of the present invention, there is provided
control apparatus for controlling application of line marking material to refurbish
an old line pattern on a pavement surface said control apparatus comprising a
first line detection means adapted to be mounted in use at a forward position
whereby a first predetermined width of said pavement surface substantially
greater than a width of said old pattern is transverse scanned with information
indicative of said old line pattern viewed by said first line detection means being
retained over a first predetermined length of said pavement surface in the
direction of said old line pattern, a second line detection means adapted to be
mounted in use rearwardly of said first line detection means, said second line
detection means being in use arranged to transverse scan a second
predetermined width of said pavement surface substantially greater than the
width of said old line pattern with information indicative of said old line pattern
viewed by said second line detection means being retained over a second
predetermined length of said pavement surface in the direction of said old line
pattern, said first line detection means further recognising transition points in said
old line pattern and providing a signal indicative of said transition
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points to said .second line detection means, said second line detection means
including transition detector means which receives the signal indicative of
transition points from said first line detection means and information from the
transverse scan of sald second line detection means and in response thereto
provides control signal means to control on/off conditions of said line marking
material applicator means.

According to a still further aspect of the present invention, there is provided
control apparatus for controlling application of line marking material to refurbish
an old line pattern on a pavement surface said control apparatus comprising a
first line detection means adapted to be mounted in use at a forward position
whereby a first predetermined width of said pavement surface substantially
greater than a width of said old pattern is transverse scanned with information
Indicative of said old line pattern viewed by said first line detection means being
retained over a first predetermined length of said pavement surface in the
direction of said old line pattern, a second line detection means adapted to be
mounted In use rearwardly of said first line detection means, said second line
detection means in use being arranged to transverse scan a second
predetermined width of said pavement surface substantially greater than the
width of said old line pattern with information indicative of said old line pattern
viewed by said second line detection means being retained over a second
predetermined length of said pavement surface in the direction of said old line
pattern, said first line detection means producing a lateral shift control signal
indicative of lateral shift of said old line pattern as sensed with said lateral shift
control signal being adapted to control lateral movement of line marking material
applicator means to correctly deposit said line marking material over lines forming
said old line pattern, said first line detection means further recognising transition
points in said old line pattern and providing a signal indicative of said transition
points to said second line detection means, said second line detection means
Including transition detector means which receives the signal indicative of
transition points from said first line detection means and information from the

transverse scan of said second line detection means and in response thereto
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provides control signal means to control on/off conditions of said line marking
material applicator means.

Preferably the first predetermined length of scanned pavement surface is
substantially greater than said second predetermined length. Conveniently said
first predetermined length is about five metres in length. The first predetermined
width and the second predetermined widths may be equal or they may be

different however, they are preterably between about 400 mm and 1.2 metres,
convemently about 500 mm

- The present mventron ot course mcludes within its scope apparatus for
applying line marking matenals to old Ime patterns rncludmg control apparatus

. “_as atoresatd carried by a vehlcle or the hke with line marking material applicator
~ means located rearwardly ot -the second line detection means. The applicator

‘means  may be constructed as descrrbed in US Patent No. 5,054,959 or any
TP ' other surtable means could be used The Itne markmg material might be liquid
: 15 ,_pamt lncludmg solvent based palnts or water based paints, thermally or cold
. 'apphed plastlc strip m one part or two component mix, or any other suitable

o matenal for returblshmg old lmes

A preterred embodlment wrll herematter be described with reference to

"the accompanymg schematlc dtagrams m whlch
BT . ]'control apparatus accordmg to the present tnventton

Flgure 1 represents an tntormatlon tlow dlagram in a preferred form of

anure 2 represents schemattcally operatton of a survey system line

_. E ,.detectlon apparatus tormmg part of the system lllustrated in Figure 1;

o 25 detectlon apparatus tormmg a turther part of the system illustrated in Figure 1,

Frgure 3 represents schematlcally operatlon of a control system line

:and,

Frgure 4 represents schematlcally operatlon of a mechanical system

! '. o controlled by the control system for correctly actuatmg the line marking material

S 'appltcators
30

- Apparatus accordmg to the present mventlon may be mounted on or from

" a surtable vehicle such as a truck or the like capable of carrying quantities of line
. markmg materials to refurbrsh lmes on a desired length of roadway or pavement
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surface. The form of mounting may include a forwardly mounted and extending
boom such as in US Patent No. 5,054,959, but other carrying arrangements

might also be used. The control apparatus conveniently includes a forwardly
located survey system a mid located control system (relative to vehicle travel/old
S line pattern direction), both of which are used to control a rearwardly located
mechanical system for positioning and controlling application of the line marking
matenal. Preferably, visual left and right trajectory guides are provided capable
of being viewed by the dnver of the vehrcle so that the driver may conveniently
locate the vehicle dunng hrgh speed operation so that the old line pattern on the
10 pavement surface passes wrthrn a predetermrned operational width defined by

the survey system.
' The survey system rncludes a torwardly (in use) mounted CCD camera
which is generally sensrtrve to the overall pattern of the old line markings in the
_-'pavement surface. The CCD camera of the survey system is driven from the
15 'carrymg vehicles transmrssron (or lS otherwrse responsrve to speed of operation
' ~of the carryrng vehrcle) and acqurres a transverse line scan repeatedly over
' short discrete lengths ot road surlace for example every five mm. The optics
. ', - 'and mountrng geometry ot the CCD camera of the survey system map repeated
L N _transverse line scans to approxrmately half a metre of road surface width. The
f'.j"7.'.‘.'_20'survey system further rncludes an rmage manager that buffers and aggregates
; g | A the CCD camera prxels rnto an array, 13 across (transverse) by 5 in the direction
",'of vehrcle travel Each of these prxels may be about 40 mm wide (giving a
¥ ,-transverse scan ot 520 mm total) and about 1 metre long (giving a longitudinal

scan of about S metres total)

25 ‘The survey system also rncludes a lateral compensator which
' compresses a copy of the aforesard prxel array into an array of 13 across and
one (1) longrtudrnally Thrs rs achleved by averaging along each column of the
o . trve by one metre plxels The Iateral compensator has conveniently been taught,
through a neural network to recogmse lateral drift of the road surface image and
'30 to compensate for such lateral dnft The signal from the lateral compensator is
| applred both to the mechanrcal system and to the | image classifier of the survey
' system to rotate left/right so that they are laterally central to their respective pixe!
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frames. The image classifier has been taught (through a neural network) to
classify transitions from one paint pattern to the next in an old pattern on the

roadway surface. Transitions are defined by a state-transition diagram. Any
transition detected by the sunrey system is signalled ahead to the control system

5 so that it knows what kind of transition to look for.

10

As indicated above, the lateral compensation signal is also passed to the
mechanical system which moves the line marking material applicator means left
or right to position the line marking material applicator means correctly over the
old line (or lines). o '

At any time, the current track is indicated by a setting manually input by

the driver (or operator).'_This determines which line material applicator (paint
- .3upply gun in the case ct*liqu'id paint being applied) is in operation for a single

paint line (either contrnuous or rntermrttent) If a wrong track is detected by the

S survey system, it issues an ‘override srgnal which switches off the applicators
o 10 -'temporanly and connects the trackrng by repositioning the carriage carrying the

'applrcators (see for example US Patent No. 5,054, 959) Furthermore, the lateral

' compensator can recognrse palnt rmages at.the extremities of the CCD camera
| field of view. It will then Issue an emergency shut down signal to the applicators

- (paint guns).

U ",’;;dnven frcm the vehrcle transmrsswn (cr some other vehicle speed controlled

Refernng now to Frgure 4 the control system comprises a CCD camera,

| _-tnput) and acqurres a transverse lrne scan approximately every 5 mm. The

o optlcs and mounting geometry map a transverse line scan to approxrmately half
. a metre ot road wrdth The control system includes an image manager that

gl 25 _buffers and aggregates the CCD ptxels rnto an array 13 across by 10 along the

30

direction of travel. Each ptxel in the array may be approximately 40 mm wide

giving a total width in the array of 520 mm and 30 mm long giving an
approxrmate length of the array of 300 mm. The incoming lateral compensation

‘srgnal causes images in the Transutton Detector to rotate left/right so that they

are Iateralty central to their plxel frame.

The Transition Detector has been taught (through a Neural Network) to
recognise the exact point at which a transition occurs between one line pattern
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| system whrch may be constructed as in US Patent No. 5,054,959. In the
foliowing discussion reference is' made to paint guns, however, other forms of

and the next. The Transition Detector uses not only the buffered image from the
CCD camera of the control system, but also the incoming pattern classification
from the survey system, to determine what ki~ of signal to send to the line
marking material applicators. The applicator sigiials may be:

“P> = puise = on for 3m and off for 8.5 m which is the normal
' line/spacing configuration for intermittent road lines in
Australia
“O" = open
“«C" = ctose .

Frgure 4 |tlustrates schematrcally the control system for the mechanical

?  ,applicatorscould be USeddependi'ng on the nature of the line marking material
o _used The paint gun actuators are signalled open/closed by the gun control

15 module It recerves srgnals O C or P from the control system. “P" (or puise)

jresults rn a trmed Open close sequence from the paint gun control module. The

- 'parnt guns can be shut down (untrl manuatly reset by the driver/operator) with a

L - gun shut down srgnal trom the survey system This is a fail-safe mechanism to
.' 7-;avord out ot range par nt apptlcatron When a track change over-ride signal is
-_.gg."recerved trom the survey system the paint guns momentarily shut off to allow the
- " 2 'gun carnage to take up rts correct posmon Lateral control signals cause the gun
,' : jcarnage to move Iett or nght tor laterat compensatron of the vehicles trajectory.
| . .Both the gun control module and the carnage control module have control loops
S R *'_gto ettect proper gun actuator movement and carriage position.

o5
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. In control apparatus for controlling application of line marking to refurbish
an old line pattern on a pavement surface, said control apparatus including at
least one line detection means adaptad in use to transverse scan a
predetermined width of said pavement surface substantially greater than a width
of said old line pattern while being carried forwardly in the direction of said old line
pattern, said at least one line detection means including pattern transition
detector means taught through a neura: network to recognise line pattern
changes and in response thereto, control line marking material applicator means
to repeat accurately said line pattern changes.

2. In control apparatus according to Claim 1, wherein said at least one line
detection means comprises first and second line detection means, said first line
detection means adapted to be mounted ir use at a forward position whereby a
first predetermined width of said pavement surface substantially greater than said
old pattern width is transverse scanned with information indicative of said old line
pattern viewed by said first line detection means being retained over a first
predetermined length of said pavement surface in the direction of said old line
pattern, said second line detection means being mounted in use rearwardly of
said first line detection means, said second line detection means being in use
arranged to transverse scan a second predetermined width of said pavement
surface substantially greater than the width of said old line pattern with
iInformation indicative of said old line patterr: viewed by said second line detection
means being retained over a second predetermined length of said pavement
surface in the direction of said old line pattern, said first line detection means
further recognising transition points in said old line pattern and providing a signal
Indicative of said transition points to said second line detection means. said
second line detection means including transition detector means which receives
the signal indicative of transition points from said first line detection means and
information from the transverse scan of said second line detection means and in
response thereto provides control signal means to control on/off conditions of said

line marking material applicator means.
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3. Control apparatus for controlling application of line marking material to
refurbish an old line pattern on a pavement surface, said control apparatus
comprising a first line detection means adapted to be mounted in use at a forward
position whereby a first predetermined width of said pavement surface
substantially greater than a width of said old pattern is transverse scanned with
iInformation indicative of said old line pattern viewed by said first line detection
means being retained over a first predetermined length of said pavement surface
In the direction of said old line pattern, a second line detection means adapted to
be mounted in use rearwardly of said first line detection means, said second line
detection means being in use arranged to transverse scan a second
predetermined width of said pavement surface substantially greater than the
width of said old line pattern with information indicative of said old line pattern
viewed by safd second line detection means being retained over a second
predetermined length of said pavement surface in the direction of said old line
pattern, said first line detection means furthar recognising transition points in said
old line pattern and providing a signal indicative of said transition points to said
second line detection means, said second line detection means including
transition detector means which receives the signal indicative of transition points
from said first line detection means and information from the transverse scan of
said second line detection means and in response thereto provides control signal

means to control on/off conditions of said line marking material applicator means.

4 Control apparatus for controlling application of line marking material to
refurbish an old line pattern on a pavement surface, said control apparatus
comprising a first line detection means adapted to be mounted in use at a forward
position whereby a first predetermined width of said pavement surface
substantially gréater than a width of said old pattern is transverse scanned with
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information indicative of said old line pattern viewed by said first line detection
means being retained over a first predetermined length of said pavement
surface in the direction of said old line pattern, a second line detection means
adapted to be mounted in use rearwardly of said first line detection means, said
second line detection means in use being arranged to transverse scan'a second
predetermined width _ef said pavement surface substantially greater than the
width of said old line pattern with information indicative of said old line pattern
viewed by said second line detection means being retained over a second
predetermined tength 'Otsaid pavement surface in the direction of said old line
pattern, said first lrne detectron means producing a lateral shift control signal
rndrcatrve of lateral shrft of sard old Irne pattern as sensed with said lateral shift
ccntrol signal being adapted to control lateral movement of line marking material

applicator means to correctly deposrt said line marking material over lines
' formtng said old lrne pattern sard first line detection means further recognising

_' B transition points in sard Ord Irne pattern and providing a signal indicative of said
WL transrtron pornts to sard second Itne detection means, said second line detection

o 'means rncludrng transntron detector means which receives the signal indicative
. fot transrtron points from sard ftl’St line detectron means and information from the

e transverse scan of sard second line detectron means and in response thereto

S provrdes control srgnal means to control on/off conditions of said line marking

- _\matenal applrcator means

o "5 ' Control apparatus accordnng to Claim 3 or Claim 4, wherein said first
- predetermrned length ot scanned pavement surface is substantially greater than

said second predetermrned _,.l_ength. ,

6. Control apparatus accordrng to Claim 5, wherein said first predetermined
~ length is about five metres

7. Control apparatus. acccrding to Claim 5 or Claim 6, wherein said first and
 said second predetermined widths are between 400 mm and 1200 mm.
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