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(57) Abstract: Computer aided design software for designing a building or other structure of brick construction, where in addition to the
usual three dimensional modelling and rendering typical of CAD software, tabular data describing the spatial location and orientation
of each brick is provided, including information regarding which bricks are cut to length so as to be shortened, and where they are
located along each course, and which bricks are machined, drilled or routed for services or other special fittings. Data pertaining to this
is compiled in a database for access by control software to control a brick laying machine to build a building or other structure from
bricks. The database may receive via interface with a scanner data being a measure of the elevation of the footings and/or concrete pad
that has been constructed according to the building plan and for each brick of the first course, to determine how much material must
be machined off the bottom of each brick so that when the first course is laid, the tops of the bricks of the first course are at the same
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level. This machining data is stored for each brick with the tabular data produced by computer aided design software, so that the control
software can control the brick laying machine to machine and cut each brick as per the stored data, and convey each brick to the stored
position on the footing, pad or previously laid course of bricks, with application of adhesive prior to positioning of the brick.
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Computer Aided Design for Brick and Block Constructions and Control Software

to Control a Machine to Construct a Building

Technical Field

[0001] This invention relates to the construction industry, and in particular to the design
of buildings of brick and block construction. This invention provides a computer software
solution for designing buildings, and subsequently executing their construction from data

compiled by the software.

[0002] Throughout the specification unless the context requires otherwise, the word
“comprise” or variations such as “comprises” or “comprising”, will be understood to imply
the inclusion of a stated integer or group of integers but not the exclusion of any other

integer or group of integers.

[0003] In this specification the word “brick” is intended to encompass any building
element such as a brick or block, to be placed during the construction of a building or
wall or the like. Block can encompass prefabricated beams that can form lintels to be

incorporated into brick work.

Summary of Invention

[0004] In accordance with the invention there is provided computer aided design
software for designing a brick construction, said computer aided design software having a
user interface allowing a user to input building plan data, said computer aided design
software generating from said building plan data, data representative of a scale top-plan
view of walls with predetermined known wall length dimensions, said computer aided
design software generating a virtual extrusion of length commensurate with the wall
height;

said computer aided design software determining brick by brick placement data for said
walls, including the identification of the position and orientation in three dimensions of
each brick relative to a point of origin, including determining brick stepping and brick
nesting at wall intersections, and having regard to a predetermined minimum cut brick
length - determination of cut length data for individual bricks to be cut to length in order
to meet the required dimensions of wall length;

said computer aided design software compiling a brick placement database including
brick type, position and orientation in three dimensions of each brick relative to said

point of origin, and cut length data for each brick identified as to be cut to length.
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[0005] Preferably said computer aided design software has a first table containing one
or more user selectable settings allowing stock brick type and size parameters to be
stored and selected for walls. This may include stock brick type and size parameters for

external walls and internal walls, where these differ.

[0006] Preferably said building plan data is representative of a scale top-plan view of

external walls and any internal walls.

[0007] Preferably said computer aided design software generates footing data and/or
concrete pad data including the dimensions, position and orientation of the footings
and/or concrete pad relative to a point of origin, relative height off-set between the
bottom of the external walls and optionally the bottom of the internal walls and between
different sections of internal walls and optionally determines the required volume of

concrete to form the pad.

[0008] Preferably said computer aided design software allows user input of and storing
positioning data for voids and/or apertures in said extrusion, said voids and/or apertures
being of dimensions commensurate with the height and width of doors and windows to
be fitted in the completed building. The step of determination of cut length data for
individual bricks to be cut to length in order to meet the required dimensions of wall
length will include and wall segment length adjacent to voids and apertures. The cut
length data for each brick identified as to be cut to length is stored in said brick

placement database.

[0009] Preferably said computer aided desigr) software allows user input of and storing
services positioning data for at least one of plumbing, electrical and ICT (Information and
Communication Technology) and sound and vision cabling and connection points in said
external walls and in said internal walls; said computer aided design software generating
positioning data for channels in said walls to carry services and recesses in said walls for
said connection points, said computer aided design software generating machining data
for the location of recesses and cavities to be machined in individual bricks according to
the positioning data of said channels and recesses; and storing said machining data in

said brick placement database.

[0010] It should be noted that the wall height may change around the building to allow
for sloping roofs and ceilings and / or changes in floor level or ceiling height, so the wall

height of internal walls and external walls need not be uniform.
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[0011] Preferably said computer aided design software determines the order that each
brick is to be laid, and creates in said brick placement database, an index number
allocated to each brick, to identify the brick laying order. This order will start at the first

course on the footings and/or pad, and then work upwards, course by course.
[0012] All user input may be via a graphical user interface.

[0013] The position and orientation data for each brick includes in its simplest form, x
and y horizontal dimensions relative to said point of origin, with reference to a position in
or on each brick, z vertical dimension, and @ angle relative to magnetic north or other
direction. The point of origin may be a position on the building site outside, in, or within
the periphery of the pad. Other orientation data may include pitch angle and roll angle
where the brick is to be laid in an orientation other than flat. The reference position on
each brick is preferably the centroid or centre of the horizontal area of each brick,

trimmed or whole, but for simplicity not taking into account routed cut-outs or recesses.

[0014] Most preferably the reference position on each brick is the centroid of all
dimensions of each brick, trimmed or whole, but for simplicity not taking into account
routed cut-outs or recesses. Where bricks are cut to length (shortened), clearly the

centroid position will change.

[0015] The relative height off-set between the bottom of the external walls and the
bottom of the internal walls may be reflected in different z values for the first course of
bricks of the external course and the internal course. The difference in z values for the
first course of bricks of the external course and the internal course arises from the type
of damp course construction which determines the footings and/or concrete pad

configuration.

[0016] The computer aided design software may take into account and allow for
different spacings between adjacent bricks and thicknesses of adhesive or mortar
between adjacent bricks. Where this occurs values for adjacent brick spacing A and brick
base spacing B are stored in the brick placement database. The spacings may be global
settings, or individual settings stored with each brick. In this manner, the required
volumes of adhesive or mortar may be dispensed on the underside of the brick to provide
the required brick spacing B and dispensed on the side or end of the brick to provide the
required adjacent brick spacing A. Typical global settings for an A value can be up to 10
mm but typically might be 6 mm, and for a B value might be 0 mm. Where construction
adhesive is used, the B value is zero, since the construction adhesive will be compressed

as the brick is placed. Each brick except for the very first to be laid in a course will have
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accounted for, an A value and A-location data identifying where on the brick adhesive is

to be applied to give effect to the A value.

[0017] With the method of the invention, each brick is allocated attributes pertaining to
position in space (at least x, y, z and @ values) and whether it is in original form or cut or
otherwise machined, and if cut or machined, mathematical expressions defining the
location of the volume of material to be excised from the brick with reference to said

position on said brick.

[0018] If the brick is to be cut or routed, the design software exports a 3D model
(typically a 3D DXF file, but could be and IGES or STL or other 3D file) of the brick which
is then later used by a quality control system (QC system) which compares the 3D model
to a 3D scan of the brick. The file name for the 3D model can be referenced in the brick
placement database. In the control software to control a brick laying machine, a 3D scan
of the machined brick can be made, either at the point where it is machined, or later
immediately prior to it being laid, or both. A go/no go decision can be later made by the
QC system in the control software, based on a percentage difference. This makes sure
that the brick has been processed as required and hasn’t had one or more pieces break

off during machining (routing or cutting).

[0019] For cut or routed bricks the design software exports the coordinates of the cut or
rout. Another routine of software takes those coordinates and processing type and

creates G code data to program the router or saw for that particular cut. The G code data
is associated in the brick placement table data for the brick, as a G code data field in the

brick placement database.

[0020] Where there is a difference in mortar or adhesive thickness, each brick may also
be allocated a B value, and most bricks have one A value and A-location data, with a

very few bricks having two A values and A-location data for each A value.

[0021] Preferably the design software brick placement database includes at least one

trim data field to store a trim value or a trim value array for each brick.

[0022] This trim data field may store values representative of the height of the surface
for at least one location for each brick at which each brick is to be located according to
said brick placement database. From this data the amount of material to be machined
from the bottom of each brick can be determined. This trim data can be received from a
scanner located at a surveying position, which measures the relative surface height of a

surface extent where bricks are to be laid.
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[0023] This data may be filled at the design stage, based on a separate scan of the

surface where bricks are to be laid, and imported into the brick placement database for
subsequent communication to the control software to control a brick laying machine to
build a building or other structure of brick construction, according to the plan embodied

in the brick placement database.

[0024] Alternatively, this data may be filled during the construction stage, based on a
scan of the surface where bricks are to be laid by surveying equipment interfaced with
the control software to control the brick laying machine, and the control software fills the

trim data fields.

[0025] The trim data fields allow for the bedding surface that the brick will be placed on,
to be scanned by surveying equipment, which may be operated independently or
associated with an automated brick laying machine. The brick placement database may
then include a directive variable that signals to the automated brick laying machine that
the bedding area for the brick needs to be scanned and the brick may need to be
trimmed to suit the bedding surface. The surveying equipment associated with the
automated brick laying machine may then scan the bedding surface and determine the
amount of material to be removed from the brick so that when the brick is laid, the top
surface of the brick is at the correct Z height and is level. This may be, and is usually
done for the first course of bricks whose bedding surface is the slab or footing which may
be subject to manufacturing variation from the concrete pouring and fin‘ishing process. If
it is known that the tolerance of the brick height ( Z dimension ) is large than it may be

necessary to scan the bedding surface after a certain number of courses have been laid.

[0026] As an alternative to scanning the slab by the machine during or immediately
prior to the brick laying process, optionally the bedding surface or slab data could be
obtained from a previously acquired scan of the slab and imported to the design
software. This is of particular use where a wall is to be built on a known prior surface
which may have existing survey or scan data, such as an existing slab or footing or on
civil works such as a wall on a bridge or a freeway road, such as a freeway sound wall. A
trim surface, or trim value for each of the first course of bricks is then associated with
each first course brick in a tabular file. The trim surface may optionally be defined as a
trim value or a grid array of trim values or by a known CAD data exchange format such
as STL or IGES, point cloud or as a toolpath file, for example a G code file which can be
run by the automated brick laying machine (the router or the saw in the machine) to trim
the brick.
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[0027] As a consequence, an entire construction can be defined by brick type and
attributes as a data set. The data set may be provided as an accessable database, or in
in tabular form with setting out the brick data in the order that the bricks are laid. The
data set may include by reference additional files such as trim surface files or G code files

for machining operations.

[0028] Preferably said computer aided design software has a first library in which data

pertaining to one or more building plans in the form of said data sets are stored.

[0029] Preferably said computer aided design software has a second library in which
data pertaining to one or more pre-defined rooms are stored, said pre-defined rooms
being selected from at least one kitchen, at least one bathroom, and optionally other
rooms, each said at least one kitchen including allocated space for a sink, a cooking
appliance, and a refrigerator, each said at least one bathroom including allocated space
for at least one of a toilet, bidet, water closet, a bathtub, a shower and a hand basin or
vanity, where using said GUI a said predefined room may be merged with said scale top-

plan view.

[0030] Preferably said computer aided design software has a third library in which data
pertaining to a plurality of doors and windows are stored, corresponding to data for stock

items used in determining said positional data based on selected doors or windows.

[0031] Preferably said computer aided design software treats walls of a structure to be
built as segments extending between intersections of brickwork, where each segment
has a course segment extending between intersections of brickwork and window and

door opening edges; where any said course segment has a length s, where:
s=n(b+A)+r+A+pe+pA+qgf+qgA-A

where A is the A value or gap),
b is the stock brick length,
e and f are the end overlap at a brick wall intersection,

p may be 1 (indicating e is equal to the width of a brick at the intersecting wall,

or zero (abutting),

g may be 1 (indicating f is equal to the width of a brick at the intersecting wall,

or zero (abutting),
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r is the remainder which may be zero or greater than or equal to 0.2 b,
preferably 0.25 b, and if this is true, a single brick is cut to length r to complete

the course segment;
and if r is less than 0.2 b, preferably 0.25 b,
s=(n-1)(b+A)+2r+2A+p.e+pA+pf+qgA-A

where r is the length that two bricks are cut to, to locate within and complete a

course segment having n-1 bricks.

[0032] In order to achieve the preferred stepping, preferably where a said course
segment includes two bricks of length r, the immediately overlying course segment
includes a single brick of length r balanced on the join between the two bricks of length r,
with two bricks cut to length of c=(b+r)/2, located on either side thereof, with bricks of
stock brick length b continuing away from at least one of said two bricks cut to length of

c. The course segment length can be described by the following:
s=(n—-2).(b+A)+r+A+2(c+A) + pe+ p.A+pf+qgA-A

[0033] Also in accordance with the invention, there is provided control software to
control a brick laying machine to build a building or other structure of brick construction,
said control software accessing a brick placement database compiled by computer aided
design software as described above, said control software controlling said machine to cut
and optionally to machine each said brick in accordance with data stored in said brick
placement database, and controlling said machine to convey each said brick one by one,
and apply adhesive and locate each said brick according to data stored in said brick

placement database

[0034] Also in accordance with the invention there is provided control software to
control a brick laying machine to build a building or other structure of brick construction,
said control software accessing a brick placement database including brick type, position
and orientation in three dimensions of each brick relative to a point of origin, cut iength
data for each brick identified as to be cut to length, and machining data for each brick
including a trim value or a trim value array for each brick being trim data derived from
data received from a scanner located at a surveying position to measure the relative
surface height of a surface extent where bricks are to be laid; said control software
correcting for the difference in height of the surface extent for each brick, from the
lowest point and the highest point for each course of bricks and determining from said

trim data the amount to be machined from a horizontal face of each brick so that the top
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of each course of bricks is level when laid; said control software controlling said machine
to cut and machine each said brick in accordance with data stored in said brick placement
database, said control software controlling said machine to convey each said brick one by
one, and apply adhesive and locate each said brick according to data stored in said brick

placement database.

[0035] Also in accordance with the invention there is provided control software to
control a brick laying machine to build a building or other structure of brick construction,
said control software accessing a brick placement database including brick type, position
and orientation in three dimensions of each brick relative to a point of origin, cut length
data for each brick identified as to be cut to length, and machining data for each brick;
said control software including a scanner interface to receive data from a scanner located
at a surveying position to measure the relative surface height of a surface extent where
bricks are to be laid, storing the height of the surface for at least one location for each
brick at which each brick is to be located according to said brick placement database;
said control software correcting for the difference in positioning of said surveying position
and said point of origin and determining the difference in height of the surface for said at
least one location for each brick, from the lowest point and the highest point for each
course of bricks and storing the difference in said brick placement database as trim data
in the form of a trim value or trim value array for each said brick corresponding with the
amount to be machined from a horizontal face of each brick so that the top of each
course of bricks is level when laid; said control software controlling said machine to cut
and machine each said brick in accordance with data stored in said brick placement
database, said control software controlling said machine to convey each said brick one by
one, and apply adhesive and locate each said brick according to data stored in said brick

placement database.

[0036] The surface extent where bricks are to be laid may comprise footings and/or a
concrete pad on which a building is to be constructed of bricks, or the upper surface of a

structure upon which a course of bricks is to be laid.

[0037] Preferably, unless the computer aided design software that compiled the brick
placement database has done so, said control software determines the order that each
brick is to be laid, and creates an index number allocated to each brick, to identify the

brick laying order, and enters the index number into the brick placement database.

[0038] Preferably said control software includes a library of handling identifiers which
each identify a unique handling device within said brick laying machine, and said control

software produces a handling table identifying individual bricks and associating individual



WO 2018/009985 PCT/AU2017/050738

9

bricks with a particular handling device at a particular time, and updating said handling
table as individual brick progress from handling device to handling device with the

elapsing of time.

[0039] Handling devices can include programmable brick handling apparatus to convey
bricks from a pack of bricks, to a brick laying gripper mounted to a brick laying and
adhesive applying head. The programmable brick handling apparatus may include
dehacking robotic handlers that unpack rows of individual bricks from a pallet, and a
series of devices each with grippers that handle individual bricks between the dehacking
robotic handlers and the brick laying gripper, optionally via at least one brick machining
tool, as pre-programmed. Where the bricks are moved out along a boom, there may be
a plurality of shuttles, each with a gripper, and individual bricks are passed between
shuttles. All of these transfers between the programmable brick handling apparatus are
logged in the handling table, so that the handling table provides a record of which brick is

where and when.

[0040] Consequently, if for any reason the brick laying machine must be paused for any

reason, it may be restarted, and the correct brick will be laid in the correct position.

[0041] Further, if for any reason a brick is damaged dAuring a machining (cutting or
routing) operation, it may be discarded at the machining tool, and the handling table can
be updated by reallocating brick identification numbers to the bricks preceding the
damaged brick in the supply chain.

[0042] Where damage to an individual brick is not determined until it reaches a position
closer to the brick laying gripper, where any said brick already in transit along said
handling devices includes no machining data in said brick placement database, said
handling table can be updated by reallocating brick identification numbers to the bricks

preceding the damaged brick.in the supply chain.

[0043] However, where any said brick already in transit along said handling devices
includes machining data in said brick placement database, due to the individual bricks
being laid in order, it becomes necessary for the control software to run the brick laying
machine in reverse, restacking the bricks and storing their restacked position until there
are no bricks having associated said machining data in transit along said handling
devices, whereupon a replacement brick can be picked from said pallet and processed
according to said brick placement database. Thereafter, any restacked bricks are picked

up in order, and operation continues as pre-programmed.
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[0044] Preferably said control software calculates corrected x y z position and
orientation data relative to said point of origin for each brick recorded in said brick
placement database, based on the difference between the location of the point of origin
and the surveying position, and records the corrected x y z position and orientation data

relative to said surveying position, for use in controlling said brick laying machine.

[0045] Thus controlled by the control software, the brick laying machine may build the
building or structure, course by course, until completed to the required height. The first
course of each course of bricks may be machined to reduce their height as necessary,
according to the data from the scan measuring the relative surface height of footings
and/or a concrete pad, so the tops of the first course of laid bricks are level. Thereafter,
successive courses should not need their height adjusted by machining, in order to keep
each course level. If the brick height tolerance is large then the top of a course may be
scanned and the bottoms of the bricks in the subsequent course of bricks may be

trimmed so that the top of the course of bricks is level.

[0046] Preferably said trim data is measured and stored as a trim value array for
multiple locations for each said brick, so that said machine may machine said brick to
compensate for localised footing or pad height excesses. Where greater attention is paid
to the levelness of the footings or pad it will be sufficient to measure and store the trim
value for four, three, two, or even one location for each said brick. In the ideal situation
the slab or footing is accurate enough such that the trim data for all bricks is zero and no
machining is necessary, however, in practice, unless greater expense has been incurred

when laying the slab or footing, there will be variation in the level of the slab or footing.

[0047] The brick placement database contains position and orientation data for each
brick, including in its simplest form, x and y horizontal dimensions relative to said point
of origin, with reference to a position in or on each brick, z vertical dimension, and @
angle relative to magnetic north or other direction. The point of origin may be a point on
the building site outside of the periphery of the pad, or within the periphery of the pad.
Other orientation data may include pitch angle and roll angle where the brick is to be laid
in an orientation other than flat. The reference position on each brick is preferably the
centroid or centre of the horizontal area of each brick, trimmed or whole, but for
simplicity not taking into account routed cut-outs or recesses. Most preferably the
reference position on each brick is preferably the centroid of all dimensions of each brick,
trimmed or whole, but for simplicity not taking into account routed cut-outs or recesses.

Where bricks are cut to length (shortened) the centroid position will change.
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[0048] The relative height off-set between the bottom of the external walls and the

bottom of the internal walls may be reflected in different z values for the first course of
bricks of the external course and the internal course. The difference in z values for the
first course of bricks of the external course and the internal course arises from the type

of damp course construction which determines the concrete pad configuration.

[0049] The trim data may be represented as an adjusted z value for each brick and may
include multiple z values tied to separate x and y values for each brick, to provide
complex machining data where the machining is to adjust for localised undulations in the

footing or pad.

[0050] The control software may take into account and allow for different spacings
between adjacent bricks and thicknesses of adhesive or mortar between adjacent bricks.
Where this occurs, values for adjacent brick spacing A and brick base spacing B are
stored with each brick in the brick placement database. The control software interfaces
with the adhesive or mortar applicator in the machine, to control the applicator to
dispense the required volumes of adhesive or mortar on the underside of the brick to
provide the required brick spacing B and on the side or end of the brick to provide the
required adjacent brick spacing A. Each brick except for the very first to be laid in a
course will have an A value and A-location data identifying where on the brick adhesive is

to be applied to give effect to the A value.

[0051] with the methodology of the invention, each brick is allocated attributes
pertaining to position in space (at least x, y, z and @ values) and whether it is in original
form or cut or otherwise machined, and if cut or machined, mathematical expressions
defining the location of the volume of material to be excised from the brick with
reference to said position in or on said brick. Where there is a difference in mortar or
adhesive thickness, each brick may also be allocated a B value, and most bricks have one
A value and A-location data, with a very few bricks having two A values and A-location

data for each A value.

[0052] As a consequence an entire construction can be defined by brick type and
attributes as a data set. The data set may be provided in the form of an accessable
database or in tabular form, setting out the brick data in the order that the bricks are
laid.

[0053] It should be noted that where this description refers to a database, this function
may be performed by one or more data tables and such tables may be formed by a

plurality of tables that cross reference each other.
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[0054] Also in accordance with the invention there is provided a method of building a
structure from bricks, comprising steps of determining the size of brick to be utilised;
creating a scale top-plan view of walls with predetermined known wall length dimensions;
determining brick by brick placement data for said walls, including identification of the
position and orientation in three dimensions of each brick identification of the position in
three dimensions and orientation of individual bricks to be cut to length in order to meet
the required dimensions of wall length, and determining the order that each brick is to be
laid, and storing this data in a brick placement database; measuring the relative surface
height of a surface extent where bricks are to be laid , recording the height of footings
for at least one location at which each brick is to be located according to said brick
placement data, determining the difference in height of the footings for at least said one
location for each brick, from the lowest point to the highest point for at least the first
course of bricks and storing the difference from the lowest point as trim data in the form
of a trim value or trim value array for said at least one location for each said each brick
corresponding with the amount to be machined from a horizontal face of each brick so
that the top of at least the first course is leveled when laid, the trim data being stored
with said brick placement data; cutting each said brick in accordance with said brick
placement data, conveying each said brick one by one, and applying adhesive and

locating each said brick according to said brick placement data.

[0055] Also in accordance with the invention there is provided a method of building a
building or other structure, comprising steps of determining the size of brick to be utilised
for external walls and the size of brick to be utilised for internal walls; creating a scale
top-plan view of external walls and internal walls with predetermined known wall length
dimensions, determining footing and/or concrete pad data including the dimensions of
the footings and/or concrete pad, relative height off-set between the bottom of the
external walls and the bottom of the internal walls and between different sections of
internal walls and optionally determining the required volume of concrete to form the
pad; planning the configuration of the walls from the footings and/or pad up to the tops
of the walls including positional determination of voids of dimensions commensurate with
the height and width of doors and windows to be fitted, and positioning data for channels
and recesses (chasing) for services of plumbing, electrical and ICT and sound and vision
cabling and connection points in said external walls and in said internal walls;
determining brick by brick placement data for said external walls and said internal walls,
including identification of the position and orientation in three dimensions of each brick
relative to the footings and/or concrete pad, identification of the position in three
dimensions of individual bricks to be cut to length in order to meet the required

dimensions of wall length, void size and aperture size, and generating machining data for
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the position of recesses and cavities to be machined in individual bricks according to the
positioning data of said channels and recesses, and determining the order that each brick
is to be laid, and storing this data in a brick placement database; measuring the relative
surface height of a surface extent where bricks are to be laid , recording the height of the
footings and/or a concrete pad for at least one location at which each brick is to be
located according to brick placement data as described above, determining the difference
in height of the pad for at least said one location for each brick, from the lowest point to
the highest point for at least the first course of bricks and storing the difference from the
lowest point as trim data in the form of a trim value or trim value array for said at least
one location for each said each brick corresponding with the amount to be machined from
a horizontal face of each brick so that the top of at least the first course is level when
laid, the trim data being stored with said brick placement data; cutting and machining
each said brick in accordance with said brick placement data, conveying each said brick
one by one, and applying adhesive and locating each said brick according to said brick

placement data.

[0056] The surface extent where bricks are to be laid may be footings and/or a concrete
pad on which a building is to be constructed of bricks or the upper surface of a structure

on which bricks are to be laid.

[0057] The building or structure may be built course by course until completed to the
required height. The first course of each course of bricks is machined to reduce their
height as necessary, according to the data from a scan measuring the relative surface
height of footings and/or a concrete pad so the tops of the first course are level.
Thereafter, successive courses should not need their height adjusted by machining, in
order to keep each course level, unless brick size tolerance is so poor that a rescan of the

tops of completed courses is required during construction.

[0058] Preferably said trim data is measured and stored as a trim value array for
multiple locations for each said brick, so that each said brick is machined to compensate
for localised footing or pad height excesses. Where greater attention is paid to the
levelness of the footings or pad it will be sufficient to measure and store the trim value

for four, three, two, or even one location for each said brick.

[0059] The position and orientation data for each brick includes in its simplest form, x
and y horizontal dimensions relative to a reference point, with reference to a position on
each brick, z vertical dimension, and @ angle relative to magnetic north or other
direction. The reference point may be a point on the building site outside of the periphery
of the pad, or within the periphery of the pad. Other orientation data may include pitch
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angle and roll angle where the brick is to be laid in an orientation other than flat. The
reference position on each brick is most preferably the centroid or centre of the
horizontal area of each brick, trimmed or whole, but for simplicity not taking into account

routed cut-outs or recesses.

[0060] The relative height off-set between the bottom of the external walls and the

bottom of the internal walls may be reflected in different z values for the first course of
bricks of the external course and the internal course. The difference in z values for the
first course of bricks of the external course and the internal course arises from the type

of damp course construction which determines the concrete pad configuration.

[0061] The method may take into account and allow for different spacings between
adjacent bricks and thicknesses of adhesive or mortar between adjacent bricks. Where
this occurs values for adjacent brick spacing A and brick base spacing B are stored with
each brick, so the required volumes of adhesive or mortar may be dispensed on the
underside of the brick to provide the required brick spacing B and dispensed on the side
or end of the brick to provide the required adjacent brick spacing A. Each brick except
for the very first to be laid in a course will have an A value and A-location data

identifying where on the brick adhesive is to be applied to give effect to the A value.

[0062] With the method of the invention, each brick is allocated attributes pertaining to
position in space (at least x, y, z and @ values) and whether it is in original form or cut or
otherwise machined, and if cut or machined, mathematical expressions defining the
location of the volume of material to be excised from the brick with reference to said
position on said brick. Where there is a difference in mortar or adhesive thickness, each
brick may also be allocated a B value, and most bricks have one A value and A-location

data, with a very few bricks having two A values and A-location data for each A value.

[0063] As a consequence an entire construction can be defined by brick type and
attributes as a data set. The data set may be provided in tabular form with setting out
the brick data in the order that the bricks are laid. During construction the controller
adds data to the data set (database). This added data includes the position of the brick in
the machine and photo and scan data and offset data. For example as a brick moves
from a stick clamp to another, the database is updated with the coded location of the
brick in its updated current clamp. When the brick is QC scanned, the scan data is stored
in a unique file and the file name is associated to the database. At various locations on
the machine, computer vision photographs are taken of the brick to determine its
position so that an offset can be applied to the clamp that will next handle the brick, so

that the brick is grasped in the correct position. Each of these photographs is stored in a
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file and the file name is associated to the database. This is done so that if there is a
problem, such as a brick being laid incorrectly, the history of the brick as it passed
through the machine can be reviewed for the purpose of fault finding for machine
maintenance, or to give feedback to brick manufacturers or transporters if the bricks are
not of acceptable quality or have damage or defects. The stored data also becomes part

of the Quality Assurance records for the build.

[0064] In the most preferred embodiment, the invention comprises three aspects, first a
computer aided design software for designing a building or other structure of brick
construction, where in addition to the usual three dimensional modelling and rendering
typical of CAD software, tabular data describing the spatial location and orientation of
each brick is provided, including information regarding which bricks are cut to length so
as to be shortened, and where they are located along each course, and which bricks are
machined, drilled or routed for services or other special fittings. This data is exported to

a database which may be accessed by control software to control a brick laying machine.

[0065] The second aspect comprises control software to control a brick laying machine
to build a building or other structure from bricks. The database may receive data from a
scanner which measures the elevation of the footings and/or concrete pad that has been
constructed according to the building plan and for each brick of the first course, to
determine how much material must be machined off the bottom of each brick so that
when the first course is laid, the tops of the bricks of the first course are at the same
level. This machining data is stored for each brick with the tabular data produced by
computer aided design software, so that the control software can control the brick laying
machine to machine and cut each brick as per the stored data, and convey each brick to
the stored position on the footing, pad or previously laid course of bricks, with application
of adhesive prior to positioning of the brick.

[0066] The third aspect of the invention comprises the combined method of building a
building or other structure of brick construction, including steps of design of the building,
determination of location of bricks including milling and cutting to size of individual
bricks, scanning the footings and/or pad for height variations, adjusting the milling data,
and then carrying out predetermined milling and cutting operations on each brick as

necessary, prior to placing each brick.
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Brief Description of Drawings

[0067] Preferred embodiments of the invention will now be described with reference to

the drawings, in which:

Figure 1 is an orthographic projection of the external perimeter wall of a house;
Figure 2 is an orthographic projection of the internal perimeter wall of a house;
Figure 3 is a top plan view of the external perimeter wall of a house;

Figure 4 is tabular data showing stock brick parameters;

Figure 5 is an orthographic projection of part of a first external course of bricks;

Figure 6 is an orthographic projection of part of the first external course of bricks of

figure 5 and part of the second external course of bricks;
Figures 7 to 10 are orthographic projections of external brick nesting configurations;

Figure 11 is a top plan view of the external perimeter wall of the house shown in figure 3

with the internal walls added;

Figure 12 is a broken isometric view of part of the first course of an internal wall, running

in a north/south or longitudinal direction;

Figure 13 is a broken isometric view of part of the first course of an internal wall, running

in an east/west or transverse direction;

Figure 14 is an isometric view showing internal wall brick stepping for a bay length of up

to twice the brick length with associated vertical gaps;

Figure 15 is an isometric view showing internal wall brick stepping for a bay length of

more than twice the brick length with associated vertical gaps;

Figure 16 is an isometric view showing one possible corner nesting configuration;
Figure 17 is an isometric view showing one possible tee junction nesting configuration;
Figure 18 is an isometric view showing one possible cross nesting configuration;

Figure 19 is an isometric view showing one possible end stepping configuration;
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Figure 20 is an isometric view from below showing one possible tee junction nesting

configuration with a rebate routed into a lower course external brick;

Figure 21 is a vertical cross section through part of a wall and slab of a building showing

the wall and footing configuration;

Figure 22 is a vertical cross section through part of a wall and slab of a building showing

an alternative wall and footing configuration to that shown in figure 21;

Figure 23 shows a view of the automated brick laying machine 202 with its truck base
201 with the boom and stick assembly 341 unfolded;

Figure 24 shows a view of the automated brick laying machine 202 with the boom and
stick assembly 341 folded and stowed for driving on a public road;

Figure 25 shows a site plan of the automated brick laying machine 202 set up near a

concrete slab 123 on which the automated brick laying machine 2 will build a structure;
Figure 26 shows a plan view of the automated brick laying machine 202;

Figure 27 shows a side view of the boom assembly.

Description of Embodiments

[0068] The computer aided design software according to the embodiment can be
implemented as a fully featured CAD program, or as a plug-in for an existing CAD
program, such as Solidworks. The control software to control a brick laying machine to
build a building which is designed in the computer aided design software imports a brick
placement database produced in the computer aided design software, and then the brick
laying machine implements the construction of the building according to the data
contained in the brick placement database. During the construction phase, the brick
placement database may have fields (cloumns) added to it, in order to associate new
data with each brick.

[0069] The computer aided design software allows the user, once size of brick to be
utilised for external walls and the size of brick to be utilised for internal walls has been
determined, to create a scale top-plan view of external walls and internal walls with
known wall length dimensions as determined by the user in accordance with the
requirements of the person commissioning the build. The user determines the footing

and/or concrete pad data including the dimensions of the footings and/or concrete pad,
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and relative height off-set between the bottom of the external walls and the bottom of

the internal walls and between different sections of internal walls.

[0070] The computer aided design software can, through inputting of concrete thickness
required to meet load bearing capacity of the built structure, determine the required

volume of concrete to form the pad.

[0071] The computer aided design software provides for the user to plan the
configuration of the walls from the footings and/or pad up to the tops of the walls
including positional determination of voids of dimensions commensurate with the height
and width of doors and windows to be fitted, and positioning data for channels and
recesses (chasing) for services of plumbing, electrical and ICT and sound and vision

cabling and connection points in said external walls and in said internal walls.

[0072] The computer aided design software then determines brick by brick placement
data for the external walls and the internal walls, and identifies the position and
orientation in three dimensions of each brick relative to the footings and/or concrete pad,
and identifies the position in three dimensions of individual bricks to be cut to length in

order to meet the required dimensions of wall length, void size and aperture size.

[0073] The computer aided design software generates machining data for the position of
recesses and cavities to be machined in individual bricks according to the positioning

data of said channels and recesses.

[0074] The computer aided design software then determines the order that each brick is
to be laid, based on a rule that requires any brick extending across an intersection or to
the apex of a corner to be laid first. A blockdependency data field can be provided,
associated with each brick in order to identify a set of bricks that must be laid before the

brick specified. This is to avoid laying arm collisions with previously laid bricks.

{00751 A brick placement database is compiled, containing data identifying the position
and orientation in three dimensions of each brick relative to a datum point which relates
to a point on the footings and/or concrete pad, and where bricks are trimmed to length,
the trimmed length, and the order in which the bricks are to be laid. Al position and
orientation data is referenced to a central point in each brick, whether trimmed to length
or whole. The gap to the next brick is also stored as an A value in the brick placement
database. Machining data for services, or any special arrangements of interconnecting
walls is also stored in the brick placement database, against each brick.

Blockdependency data is included for each brick, where necessary.
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[0076] For each side of each brick requiring routing or cutting, a record is placed in the
brick placement database. Each record provides a link to the brick it is associated with,
cross-referencing to additional tables that contain the actual routing and cutting

information in a form that can be read by the routing tool or saw, as the case may be.

[0077] Additional fields in the brick placement database are also provided for, against
each brick, which can be populated at the design stage when the footings and/or slab
have been poured and scanned for surface height variation, or can be populated during
the construction phase, by input to the control software for controlling the brick laying
machine. These additional fields include trim data containing a trim value array for each
brick, which is the amount of material that must be machined from the bottom of each

brick, so that when the bricks are all laid, the tops of the course will be level.

[0078] A laser scanning device is arranged to measure the relative surface height of a
surface extent where bricks are to be laid, recording the height of the footings and/or a
concrete pad, or the height of an existing course of bricks or other surface, at the
location where each brick is to be located according to brick placement database as
described above, to determine the difference in height of the surface across the location
for each brick, from the lowest point to the highest point for the first course of bricks and
stores the difference from the lowest point as trim data in the form of a trim value array
for each brick. This data corresponds with the amount to be machined from a horizontal
face of each brick so that the top of each course is level when laid, the trim data being

stored with said brick placement data.

[0079] Special considerations regarding the execution of a building plan in the computer
aided design software, including location of trimmed bricks and nesting of bricks will now

be discussed.

[0080] As will be apparent from the discussion that follows, each course of each wall of
a building or structure has a start point and a finish point. The course distance between
start point and end point for each course is known, determined from the scale top-plan
view produced in the computer aided design software. These points comprise two of the
end of a course of bricks, the stepped end of a course of bricks plus adhesive thickness,
the edge of a window and the edge of a door. A stepped end of a course of bricks is
stepped inwards along the length of the course by the wall thickness of an intersecting
brick of an intersecting course, usually forming part of a wall running at 90 degrees to
the course. The minimum brick length is determined by the length of the gripper of the
brick laying machine, which in the present embodiment is 120 mm. It would be

impractical for the brick laying machine to handle bricks of shorter length than its gripper
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as this would invariably lead to the gripper clashing with bricks that had already been
placed.

[0081] A course is made up of a number of stock bricks of known length, including
where necessary, one or more bricks that are trimmed in length, referred to as a
remainder which can be no shorter than 120 mm. Where two or three trimmed bricks
are utilised and the lengths of the trimmed bricks is determined to ensure that brick
stepping conforms with accepted practices. In the embodiment, the external bricks are
258 mm high, 500 mm long and 240 mm deep. The internal bricks are 258 mm high,
500 mm long and 115 mm deep.

[0082] The first course is made up of a number of stock bricks of length 500mm divided
into the length of the wall. The remainder is determined from a distance greater than
125 and less than 500.

[0083] These bricks are illustrated in the figures 7 to 10, and 12 to 24 and are provided
with a tongue and groove configuration in their ends to assist as light blockers to prevent

light from being seen on the opposite side.

[0084] The computer aided design software aliows the CAD operator to sketch the plan
of the building, in this example, a house. Referring to figure 1, the CAD operator draws
the external perimeter 11 of the exterior wall 13 of the house as straight line sketch
segments 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53,
55, 57, and closes the sketch pattern to make it a closed contour. The external
perimeter 11 is drawn using a 125 mm grid system to position the walls at 125 mm
increments. With this arrangement the bricks can be cut into 125, 250, 375 to fill the

remainder gap to ensure that brick stepping conforms with accepted practices.

[0085] External openings for doors and windows are closed. Where the entire structure
is built on a concrete pad, the external perimeter will represent the concrete pad
dimensions. For a level concrete pad the elevation of the pad is given a z value of 0.

The lowermost elevation of the wall should be set to the same z value. Alternatively for
a stepped down damp course building construction, the external wall may be set down.
The parallel lines of the wall in figure 1 represent the exterior 59 of the external wall and
the interior 61 of the external wall. Each sketch segment 15 to 57 represents a wall from

end to end.

[0086] The next step is to draw the internal walls 63 as a single line which traces the

centrelines of the bricks whilst maintaining 125mm grid system to position the walls at
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125mm increments. Referring to figure 2, the dashed lines 65 either side of the single
line, denote the surface of the interior bricks. The lowermost elevation of the internal

walls should be set to a y value of 0.

[0087] Referring to figure 3, the exterior wall each sketch segment 15 to 57 on the
perimeter outer contour are collected and ordered in an anti-clockwise direction starting
from the closest to the projects origin 63. Each sketch segment has a 3D x y z start
point and 3D x y z finish point. Segment 15 has its 3D x y z start point at origin 63 and
its 3D x y z finish point at the junction 65 with segment 17.

[0088] The sketch segments may be drawn in any direction, but the software collects
the sketch segments and swaps the start and finish point (if required as it may be
pointing in the opposite direction) on the sketch segment to maintain the chain pattern
from start to finish on each sketch segment in an anti-clockwise direction, with sketch

segment 57 having its 3D x y z finish point back at origin 63.

[0089] Wall assemblies are added to the project and are attached to the start point of
the sketch segment, then the brick component from the library containing the brick data
is inserted into the brick wall assembly. Brick data includes the stock external wall brick
depth (thickness), length and height, the external vertical brick gap, the external wall
horizontal brick gap, the stock internal wall brick depth (thickness), length and height,
the internal vertical brick gap, and the internal wall horizontal brick gap. Figure 4 shows

representative data for these values.
[0090] All walls are created from a pattern of the first and second courses to the cap.

[0091] Referring to figure 5, the first (bottom) course 66 of bricks is shown. To
maintain consistency, the first brick 67 of each wall is offset 69 on the bottom course the
depth of the first brick and then is placed from this point based on the brick depth plus
vertical gap (indicated at 69) from the brick data in figure 4. This offset 69 provides
space to accommodate a brick from the intersecting course, plus the vertical gap which is
to be filled with adhesive. The first brick 67 and last brick 71 in the sequence for the
bottom course are full uncut bricks. Proceeding from the first brick 67, full uncut bricks
73 are allocated with the vertical gap, until a space referred to as a remainder gap 75
which exceeds the length of a full uncut brick, but is less than the length of two full uncut
bricks plus spacing for three vertical gaps, is reached along the course 66. Two stepping
adjustment bricks 77 of equal length, equal to the remainder gap less three vertical
gaps, all divided by two, are allocated to the remainder gap 75. There is a right end
adjustment 79 at the end of last brick 71 which is set to zero if the end of last brick 71 is
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a doorway or external corner, and set to 6 mm (the same as the vertical spacing) if the

last brick 71 forms an internal corner.

[0092] For external walls, from corner to corner, or from door to corner or visa-versa,

the wall length is equally divisible by 125.

[0093] The first (bottom) course starts flush on the end of the first corner and patterns
as full bricks to the remainder gap minus the end of the perpendicular bricks depth, this
being Right End Adjustment. The remainder is stepped using cut bricks of 125mm
intervals. ie 125, 250, 375.

[0094] Doors are treated similarly as a corner nest where the perpendicular brick in the
Right End Adjustment is cut to a 250 brick on either side of the door for each course

respectively.

[0095] The bricks 67, 73, 75 and 71 are placed on the exterior 59 line being the outer

edge of the external brick and lines up with the sketch segments.

[0096] Referring to figure 6, the second course 81 brick placement starts with a full
brick 83 on the left end with no left end adjustment and the right end with a brick depth
+ vertical gap adjustment 85. There are two full bricks 87 to the right of the left end full
brick 83, and three cut to length stepping adjustment bricks 89, 91 and 93. The second
stepping adjustment brick 91 is the same length as one of the first course 66 stepping
adjustment bricks 77. The first stepping adjustment brick 89 length is determined by
half the length of a first course 66 stepping adjustment brick 77, added to the distance
between the right hand end of brick 73 and the right hand end of brick 87. The third
stepping adjustment brick 93 length is measured from the end of the second stepping
adjustment brick 91 minus the brick depth + vertical gap adjustment 85.

[0097] Any course of bricks running between an intersection of bricks, a corner, or an
edge for a window or a door, can be considered to be a course segment. Each course
segment is populated in the design software with a number of full length bricks 73
extending from end adjustment 69 to end adjustment 79 (if any), with at least one full
length brick 67, 71 abutting each end adjustment 69, 79 respectively, leaving a
remainder gap 75. Where the remainder gap 75 is less than the minimum allowable
remainder of 120 mm (or 125 mm under the 125 mm grid system), the calculated
remainder gap 75 added to the length of a stock brick added to the A value for each, all
divided by two, determines the length of two bricks 77 to fill the remainder gap 75, as is
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illustrated in figure 5 . End adjustments may include cut bricks to ensure proper nesting,

particularly where the end of a course segment is an opening for a door or window.

[0098] Where the remainder is the same as or greater than the allowable remainder,
the trimmed brick length to fill the remainder is the determined remainder size. All data

pertaining to this is stored in the brick placement database.

[0099] Referring to figure 6, in the case where two remainder bricks 77 are utilised in a
course, the immediately overlying course 81 includes a trimmed brick 91 of the same
length as one of the bricks 77, balanced across the join between the two bricks 77 (that
is to say with half of the brick 91 lying to either side of the join between the bricks 77).
Two bricks 89 and 93 are cut to a length equal to the length of brick 91 plus a stock brick
87, all divided by two, and these trimmed bricks 89 and 93 are placed either side of brick

91. Standard stock bricks 87 then extend away from these trimmed bricks.

[00100] The second course starts with the Left End Adjustment, being the perpendicular
bricks depth, then patterns as full bricks until a remainder gap minus a full brick on the
end sitting flush with the external face of the wall occurs. The remainder must be greater
than or equal to 125 mm and can consist of 2x375 mm, 2x125 mm, 1x125 mm cut
bricks and consideration of the first courses remainder for stepping as described above
ensures a vertical gap overlap occurs to ensure that there are no continuous vertical gaps

occurring between courses.

[00101] The final brick on the second course is a full brick and sits flush with the external

face of the returning wall.

[00102] The third course placed on top of the second course 81 is a repeat of the first
course 66, and the fourth course placed on top of the third course is a repeat of the

second course 81.

[00103] The order of laying bricks in each of the first and second courses (and in
consequence the courses that follow) may be swapped so that efficiencies can be gained

from nesting arrangements at door and window headers with lintels.

[00104] Referring to figures 7 to 10, various nesting configurations of bricks for external
brick junctions are shown. Figure 7 shows the nesting configuration for a typical external
corner in external bricks. The groove ends 101 and tongue ends 103 of the bricks are

shown. Figure 8 shows the nesting configuration for a typical internal corner in external

bricks. Figure 9 shows a nesting configuration for an external tongue end, and figure 10
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shows a nesting configuration for an external groove end, both featuring cut bricks 105

at the ends. These are typically used for doors and windows.

[00105] Referring to figures 16 to 20, various nesting configurations of bricks for external
brick junctions are shown. Figure 16 shows the nesting configuration for a typical internal
corner in internal bricks. The groove ends and tongue ends of the bricks are shown.
Figure 17 shows a nesting configuration for an internal corner in internal bricks. Figure
18 shows a possible nesting configuration for an internal wall intersection. Figure 19
shows a nesting configuration for an internal groove end, typically used for doors and
windows. Figure 20 shows internal brick junction nesting of two external walls and their
junction with an internal wall. Machining of the intersecting external brick to

accommodate part of the lower course internal brick can be seen.

[00106] Another design consideration for the design software is the order of the laying of
the bricks, which is another parameter included in the brick placement database. As any
course segment is laid, the first brick to be laid is one that extends across a brick
junction or to the apex of a brick junction corner. This is so that the gripper of the brick
laying machine has access to lay the bricks. If a brick abutting such a brick was to be
laid first, the gripper of the brick laying machine would not have access to be able to lay

the brick that extends across a brick junction or to the apex of a brick junction corner.

[00107] Internal wall creation is similar to external wall creation, except that the brick is
placed centrally to the sketch segments and not on a perimeter sketch segments. The
stepping of the bricks is also different in that the end conditions (nesting of the bricks
from 1 wall to another) have many possibilities. A rule of thumb has been applied based
on the direction of the walls to which the left and right end conditions are applied. This

rule of thumb is applied to allow for corners to nest in any situation.

[00108] In a wall heading in the direction from North to South or South to North as
shown in figure 12 (considering the plan in Figure 11 and not magnetic or true north at
the actual building site) the first course first and last bricks are extended past the corner
brick and the second course brick is positioned internally, in order to lie flush against the
intersecting brick. In a wall heading in the direction West to East or East to West, as
shown in figure 13, the first and last bricks are opposite to North to South or South to

North to allow for nesting of internal corners of the two intersecting courses.

[00109] Referring to figure 2, each entire line between distal points is considered to be a
sketch segment. The line between points 107 and 109 is one such sketch segment. The

internal wall is divided at sketch points 111, where intersected by other internal walls,
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into separate bays 113. The brick stepping for each bay 113 is based on the distance
and the number of full bricks that can be patterned into the length of the bay, the
adjustment cut bricks and left and right adjustments for each bay based on nesting of
other walls. For the determination of brick stepping, the bay length excluding any left
and right end adjustment offset lengths is considered. Left and right end adjustment
offsets are the thickness of bricks of intersecting walls at corner nesting configurations,
as discussed for the external walls in the description above, but with dimensions adjusted
for the different 125 mm depth of the internal bricks. Brick stepping is determined
depending on whether the bay length (excluding the left and right end adjustment
dimensions) is from the minimum brick length to the length of two bricks plus the vertical
brick gap or whether the bay iength exceeds the length of two bricks plus the vertical
brick gap. See figure 14 for typical brick stepping where the bay length is up to the
length of two full bricks plus the vertical gap, and figure 15 for where the bay length
exceeds the length of two bricks plus the vertical brick gap.

[00110] The adjusted length of the stepping adjustment bricks 77, the centre xyz
coordinates for each brick in each course of bricks, and the orientation of each brick,
relative to the origin 63 together with the left end adjustment 69 and right end
adjustment 79 are stored in a brick placement database, which defines the parameters
for the bricks to be laid. Since the bricks have a tongue at one end and a groove at the
opposite end, and they are laid in a straight line with tongue projecting into groove, the
orientation of each brick runs at any value from 0 degrees to 359 degrees, to retain the
tongue-groove co-operation. In addition, the 3D x y z start point and 3D x y z finish
point for each sketch segment is stored, and the course number for each brick is stored,
for example 0 for the first course, 1 for the second course, and so on. The order of
laying the bricks, typically from the origin 63, is also stored. The first brick to be laid will
have adhesive applied to its underside, and the bricks that follow will have adhesive
applied to both their underside and the end (or in the case of a corner, a part of the side
that abuts the previously laid brick), and the location of applied adhesive is stored in the

brick placement database.

[00111] Each bricks 3D location point, length, cut, routing, chasing and rotation data is
exported from the design software in the brick placement database, to the control
software of the brick laying machine. The three dimensional coordinates of each brick
are the length x, the depth or width y and the height z. These values are imported from
the brick data contained in a first table containing stock brick sizes, or where the brick is

trimmed, are calculated from a virtual bounding box for the brick, generated by the
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design software. The orientation of the brick is measured against the design software

project front plane running in the South to North direction and is degrees from 0 to 359

[00112] Where a brick is to be shortened it can be cut to leave the tongue end to be
used, or the groove end. This will determine the handling of the brick for the cutting
operation. The end to be used is predetermined and its data is stored in the brick
placement database. The off cut length is calculated by the design software and the off
cut is recorded as available stock for use elsewhere in the plan, and control software is
programmed to retrieve an offcut brick portion from recorded available stock, with data

pertaining to this being recorded in the brick placement database.

[00113] Figures 21 to 24 show various configurations of wall construction including the
footing arrangements and finishing courses. Figure 21 shows a cross section through a
wall 121 and slab 123 showing the bottom course 125 with a damp course building

method and the top course 127 using an internal brick.

[00114] Referring to the section shown on figure 22, this shows the bottom course 125
sitting flush on the concrete slab 123 as alternative design, whereas referring to the
section shown on figure 23, the bottom course 125 is one course lower than the surface
129 of the slab 123 forming a damp course ledge 131 around the perimeter of the

concrete slab, used for external walls only.

[00115] Referring to the section shown on figure 24, the top course 127 on the external
wall 121 is an internal brick 127 sitting flush on the internal face 133 of the wall.

[00116] The control software for controlling the brick laying machine is incorporated into
control electronics in a control cabinet 282, to control the operation of a brick laying

machine 202.

[00117] Referring to figure 24, a truck 201 supports a brick laying machine 202 which is
mounted on a frame 203 on the chassis (not shown) of the truck 201. The frame 203
provides additional support for the componentry of the brick laying machine 202 beyond
the support that would be provided by a typical truck chassis. The frame 203 has
horizontal outwardly extending legs 204 and 205, each with hydraulically actuated push

down legs 206 to stabilise the bricklaying machine, once it is parked in position for work.

[00118] Referring also to figure 26, the frame 203 supports packs or pallets of bricks
252, 253, which have been loaded onto a fold down rear deck 208 and moved onto
dehacker bays 249 and 250 by scrapers 257. De-hacker robots (not shown) can take

rows of bricks off the pallets and place them on a platform 251. A transfer robot (not
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shown) can then pick up an individual brick and move it to, or between either a saw 246
or a router 247 or a carousel 248. The carousel 248 is located coaxially on a slewing ring
211 with a tower 210, at the base of the tower 210. The carousel 248 rotates to align to
the tower to transfer the brick to a gripper on a shuttle running up the tower 210 to allow
transfer of the brick to an articulated (folding about horizontal axis 216) telescoping

boom.

[00119] The telescoping boom comprises telescopic boom elements 212, 214 and
telescopic stick elements 215, 217, 218, 219, 220. Each element 212, 214, 215, 217,
218, 219, 220 of the folding telescoping boom has a shuttle located inside on a
longitudinally extending track in the element, to transport a brick along the longitudinal
extent of the element. The bricks are moved through the inside of the folding
telescoping boom by the linearly moving shuttles. The shuttles are equipped with
grippers that pass the brick from shuttle to shuttle. The shuttles in the telescoping
elements are located alternately along the top of one element and along the bottom of
the next element, when viewed with the boom unfurled, as shown in figures 25 and 27.
The shuttles have grippers to grip a brick as discussed above, and since the shuttles run
on opposite sides of immediate next telescoping elements, when the shuttles are
coincident both sets of jaws on both shuttles can grip the brick, allowing the brick to be

passed from one shuttle to the other.

[00120] The shuttles in the elements 214 and 215 run along the top of these elements
and a pivoting gripper is provided about axis 216, so that a brick can transfer from the
gripper on the shuttle in element 214 to the gripper on the axis 216 which can rotate to

align to the gripper on the shuttle in element 215.

[00121] A pivoting gripper is also provided on the axis 213 about which boom element
212 mounts to the tower 210, so that a brick can transfer from the gripper on the shuttle
on the tower 210, to the pivoting gripper on the axis 213 and then to the gripper on the
shuttle running along the bottom of element 212.

[00122] The carousel 248 also has a pivoting gripper 274 into which a brick is placed by
the transfer robot, before the carousel 248 rotates and the pivoting gripper 274 thereon
pivots to present the brick to the grippers on the shuttle on the tower 210.

[00123] The end of the boom is fitted with a brick laying and adhesive applying head
232. The brick laying and adhesive applying head 232 mounts by pins (not shown) to
element 220 of the stick, about an axis 233 which is disposed horizontally. The poise of
the brick laying and adhesive applying head 232 about the axis 233 is adjusted by double
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acting hydraulic ram 235, and is set in use so that the tracker component 330 is disposed
uppermost on the brick laying and adhesive applying head 232. A gripper is mounted
about the pivot axis 233 and received a brick from the shuttle at the end of stick element
220, flips it and presents it to the brick laying and adhesive applying head 232, which
applies adhesive to the brick and presents it to a robot 236 with a gripper 244 that lays
the brick. Vision and laser scanning and tracking systems 334, 335, 333 are provided to
allow the measurement of as-built slabs 123, bricks, the monitoring and adjustment of
the process and the monitoring of safety zones. The first, or any course of bricks can
have the bricks pre-machined by the router module 247 so that the top of the course is

level once laid, as is discussed above.

[00124] The transfer robot, the saw 246, and the router 247 each have a gripper that
can hold a brick at any point in time, as do the grippers on the carousel 248, the tower
210, the pivot axis 213, the shuttle in the boom element 212, the shuttle in the boom
element 214, the gripper mounted to the pivot axis 216, the shuttle in the stick element
215, the shuttle in the stick element 217, the shuttle in the stick element 218, the
shuttle in the stick element 219, the shuttle in the stick element 220, the gripper
mounted about the pivot axis 233, and the brick laying robot 236. For a more detailed
description of the brick laying machine, reference is made to the patent specification
titled “Brick/Block Laying Machine Incorporated in a Vehicle” which is the subject of
international patent application PCT/AU2017/050731, the contents of which are

incorporated herein by cross-reference.

[00125] Operation of the brick laying machine will now be discussed. The brick
placement database is accessed by control software contained in the control cabinet 282.
If a scan of the slab to determine its horizontal variance has not already been carried
out, this is now performed, and a trim value array for each brick is determined and

loaded as trim data in the brick placement database.

[00126] A brick is taken from a dehacked row of bricks, by the transfer robot, and
allocated an identification number as the first brick of the construction according to the
brick placement database. The brick is then treated according to the instructions
embodied in the brick placement database. As the first brick, it is unlikely that it will
require machining or cutting, and if so it will be moved by the transfer robot to the
carousel. If the brick requires machining due to the slab scan analysis determining that
the slab has a lower elevation at other positions where bricks are to be laid, the brick is
moved to the router 247 where it is transferred by a gripper therein and has material

machined from the bottom thereof in accordance with the trim value array trim data
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stored against the brick in the brick placement database. Otherwise the transfer robot
would transfer the brick to the carousel 247. After the machining operation the transfer
robot transfers the brick from the router 247 to the carousel 248. After this, the transfer
robot is free to return to the row of dehacked bricks, to select the next brick in the

sequence as determined by the brick placement database

[00127] The carousel 248 rotates so that its gripper 274 aligns with the transfer robot,
and the carousel gripper 274 grips the brick followed by the transfer robot gripper
releasing the brick. The carousel 248 rotates to the position of the shuttle and track on
the tower 210 (note that this slews with the tower rotating with the boom about the
horizontal axis 209). The tower shuttle lowers to the grippers 274, and the brick is
transferred to the grippers on the tower shuttle. The tower shuttle can then climb the
tower 210 to reach the pivot axis. At this stage the carousel is ready to rotate back to

receive the next brick from the transfer robot.

[00128] This process continues, with the transfer robot moving the bricks via the saw
246 and/or router 247, for the cutting and machining each said brick in accordance with
said brick placement data allocated against each identified brick in the brick placement

database.

[00129] The control software controls the brick laying machine elements to convey each
said brick one by one, and apply adhesive and locate each said brick in position on the
build, according to said brick placement data for each brick contained in the brick

placement database.

[00130] In addition to this the control software builds a handling table identifying for
each brick, its identification number which can equate to an identification number in the
brick placement database, and for each step between different grippers in the sequence

of grippers contained in the brick laying machine, identifies the time and the gripper ID.

[00131] All of these transfers between the programmable brick handling apparatus are
logged in the handling table, so that the handling table provides a record of which brick is

where and when.

[00132] Consequently, if for any reason the brick laying machine must be paused for any
reason, such as shutting down at the end of a working day, it may be restarted, and the

correct brick will be laid in the correct position after the restart has occurred.

[00133] Further, if for any reason a brick is damaged during a machining (cutting or
routing) operation, it may be discarded at the machining tool, and the handling table can
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be updated by reallocating brick identification numbers to the bricks preceding the
damaged brick in the supply chain.

[00134] Where damage to an individual brick is not determined until it reaches a position
closer to the brick laying gripper, where any said brick already in transit along said
handling devices includes no machining data in said brick placement database, said
handling table can be updated by reallocating brick identification numbers to the bricks

preceding the damaged brick in the supply chain.

[00135] However, where any said brick already in transit along said handling devices
includes machining data in said brick placement database, due to the individual bricks
being laid in order, it becomes necessary for the control software to run the brick laying
machine in reverse, restacking the bricks and storing their restacked position until there
are no bricks having associated said machining data in transit along said handling
devices, whereupon a replacement brick can be picked from said pallet and processed
according to said brick placement database. Thereafter, any restacked bricks are picked

up in order, and operation then continues as pre-programmed.

[00136] Referring to figure 28, scanning equipment comprising a camera 350 and a
scanning laser 352 scans a brick 354 that has been subject to a machining operation in
the router 247 to produce a power outlet recess 356 and part of a cable access channel
357. In the example, the brick 354 has cracked and a chip 358 has come away from the
brick. The control software produces a scan file image 360 which is compared with a
model file 362 for the brick which is contained in the brick placement database, to
determine whether the scan file image 360 differs sufficiently from the model file 362,
that the brick 354 should be rejected.

[00137] Both the design software and the control software access a database which is
illustrated in figures 29A to 29F. The database can be notionally divided into four
sections, namely build data for a house and current machine state, equipment and block
transfer logging, vision system logging, and axis/drive and instrument logging. Different

elements of the bricklaying machine may access the same data.

[00138] The build data and machine state section of the database stores the current
state of the house; including location/state of each block, state of each clamp of the
machine, state of the de-hacking bays and slab details. The build data is generated by
the computer aided design software, and contains all of the information required by the
control software to run the brick laying machine to build a structure. For each house or

structure, hereafter referred to as a house for brevity, a record is added to the house
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table. This is the identifying data for the particular house being built and includes street

address, slab origin in real world GPS coordinates, slab heading and project/client

information.

TABLE 1: HOUSE TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

Location VARCHAR(1000) The address/iot of a house/structure location

GpsN REAL The North GPS location of the house slab origin

GpsE REAL The East GPS location of the house slab origin
Direction REAL The slab direction, 0-360°

ProjNumber VARCHAR({1000) The company project number for the house being built
Customer VARCHAR(1000) The customer that the house is being built for
BldCmplt BOOL Indicates if the house has completed

BldinProg BOOL Indicates if the house has begun

[00139] A house

is made up of multiple types of block. Each type is stored in the

blocktype table. This contains the block details such as name, manufacturer, ordering

details and physical characteristics.

TABLE 2: BLOCKTYPE TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

Maker VARCHAR(1000) The company that makes the block

Description VARCHAR({1000) The block type and description

OrderCode VARCHAR({1000}) The order code for the block type

Surface VARCHAR({1000) The color and type of block, eg red smooth clay
Long REAL The length of the block

Wide REAL The width of the block

High REAL The height of the block

[00140] A house

is made up of many blocks, the details of each block are located in the

block table. Each block record references the house that it belongs to as well as its type.

As well as the location and rotation of the block on the slab, the block record contains the

cut length required and if the spigot is to be removed.

TABLE 3: BLOCK TABLE DESCRIPTION

Field Type Description

DX INT (Primary Key)

houselD INT (Relation) The ‘house’ that the block belongs to, many ‘block’ records
can reference the same ‘house’

blocktypelD INT (Relation) The ‘blocktype’ representing this block, many ‘block’
records can reference the same ‘blocktype’

BlockOrder INT The ideal order in the house that the block should be placed

PosX REAL The X position of the block location in the house in slab

coordinates
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PosY REAL The Y position of the block location in the house in slab
coordinates
Posz REAL The Z position of the block location in the house in slab
coordinates
Direction REAL The direction of the block in the house in slab coordinates
Sawlength REAL The length the block must be cut to
RemSpigot BOOL Specifies if the spigot needs to be removed

[00141] Although blocks have a BlockOrder specifying ideal lay order, this is not

mandatory. Blocks can be laid in a different order, for example, for fault handling. There
are however some situations where a block (a) must be laid before another block (b), for
example, to prevent the laying arm clamp from colliding with already placed blocks. The

blockdependency table allows these situations to be specified.

TABLE 4: BLOCKDEPENDENCY TABLE DESCRIPTION

Field Type Description

1DX INT (Primary Key)

blockiD INT (Relation) Block (b) that this dependency record specifies, many
‘blockdependency’ records can reference the same ‘block’

dependentblockiD | INT (Relation) Block (a) that this dependency record specifies, many
‘blockdependency’ records can reference the same ‘block’

[00142] For each side of each block requiring routing, a record is placed in the side
table. Each record has a link to the block it is associated with. The actual routing

information is contained in additional tables.

TABLE 5: SIDE TABLE DESCRIPTION

Field Type Description

iDX INT (Primary Key)

blockiD INT (Relation) The ‘block’ that this ‘side’ belongs to, many ‘side’ records
can reference the same ‘block’

SidelD CHAR Specifies if the side is the front, back, top, underside, left or
right side of the block.

[00143] The bore table references the side table, and uses a record for each hole to be
drilled into the face of the block. Each hole has a specified position, width and depth. The

location is specified relative to the face origin.

TABLE 6: BORE TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

sidelD INT (Relation) The ‘side’ that this ‘bore’ will be performed on, many ‘bore’
records can reference the same ‘side’

HoleXPos REAL The bore X position relative to the origin of the block side

HoleYPos REAL The bore Y position relative to the origin of the block side

HoleRadius REAL The size of the bore to be drilled
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| HoleDeep | REAL | The depth of the bore to be drilled

[00144] The channel table contains details for each channel that has to be puton a
block face. It references the face it is to be machined on as well as the channel depth
and width. The channel does not have to be a single straight line but can have corners.
The channel path is defined by the channelpoint table. Each point references a chase
record and are in local face coordinates. Each chase has 2 or more points making up a

path for the channel.

TABLE 7: CHANNEL TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

sidelD INT (Relation) The ‘side’ that this ‘channel’ will be performed on, many
‘channel’ records can reference the same ‘side’

Wide REAL The width of the channel

Deep REAL The depth of the channel

TABLE 8: CHANNELPOINT TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

channellD INT (Relation) The ‘channel’ that this ‘channelpoint’ is part of, the
‘channel’ is made of several ‘channelpoints’

ChaseXPos REAL The point X position relative to the origin of the block side

ChaseYPos REAL The point Y position relative to the origin of the block side

{00145] Parts of the data set are used to generate block routing files for the router on
the brick laying machine. A routing file is generated for each block that requires routing
and uses the data in the block, side, bore, channel and channelpoint tables. This file is

copied to the machine along with the rest of the build data.

[00146] Each block type will have associated pallets that the machine needs defined so
it can de-hack it. This data is stored in the tables palletdefinition and palletlayer. The
palletdefinition table will simply contain the block type, while the palletlayer table will
have one record each for the layers in the pallet. Each layer will specify the number of
rows and columns, as well as if the rows run left/right or front/back. Front/back is

defined as being parallel with the forklift forks.

TABLE 9: PALLETDEFINITION TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

blocktypeiD INT (Relation) The ‘blocktype’ that makes up this pallet, each ‘blocktype’
can have many ‘palletdefinitions’
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TABLE 10: PALLETLAYER TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

palletdefinitionID INT The ‘palletdefinition’ that this ‘palletlayer’ belongs to, each
‘palletdefinition’ can have multiple ‘palletlayers’

LayerNo INT The order that the layers are in

NoRows INT The lumber of rows in this layer

NoColumns INT The number of columns in this layer

Dir INT The direction of the layer, 4 directions are possible as the
side with the spigot is significant

[00147] Along with the data required to build a structure, the machine state data
section of the database contains the information required for the machine to continue
building, either at the beginning of a new day, or following an unscheduled shut-down of
the H109 controller. When the brick laying machine is restarted after a fault, the data is
read back into the controller so that the brick laying machine can continue with minimal

operator assistance.

[00148] For each structure that the brick laying machine has in its database, it records

if the house has started or completed in the house table.

[00149] A surveypoint table is used to record points built into the slab that can be used
to re-align the laser tracker with the slab after the first course of blocks have been laid.

Each surveypoint record references the house table that it is associated with.

TABLE 11: SURVEYPOINTS TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

houselD INT (Relation) The ‘house’ that this ‘surveypoints’ belongs to, many
‘surveypoints’ records can reference the same ‘house’

PosX REAL The X position of the point in slab coordinates

PosY REAL The Y position of the point in slab coordinates

PosZ REAL The Z position of the point in slab coordinates

[00150] For each of the two de-hacker bays 249 and 250, a record is kept in the
loadingstate table. The table records the pallet type, current layer and row that is to be
de-hacked and the orientation of the pallet in the bay. The table also records if a row of
blocks is currently being held in the de-hacker clamp. The primary ID is used to identify
the left and right de-hacker data.

TABLE 12: LOADINGSTATE TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)
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palletdefinitionID INT The paliet type that is loaded in the de hacker bay, this
corresponds to the ‘palletdefinition’ IDX field but there is no
database relationship

ThisLayer INT The current/next layer to be de-hacked

ThisRow INT The current/next row to be de-hacked

Direction INT The pallet direction in the bay

ClampPosition BOOL Specifies if the de-hacker has hold of a row of blocks

[00151] For each block that has been loaded into the brick laying machine, either from
the de-hacker platforms or saw offcut, an entry is made in the blockstate table. This
record references the dehackoperation or sawoperation that produced the block. This is
separate from the block table used for house data as a physical block may be damaged,
and a second blockstate record generated for the second instance of the block in the
house. Also, an offcut from the saw requires a blockstate entry, even if it hasn't yet been
assigned to the house. The records specify the blocks current location on the H109,
record if the cutting, routing and spigot removal have been completed, the current length
of the block and the length of block removed from each end. This data is required in
addition to the clamp data (described in the next paragraph) as it can track the
difference between a block being damaged and discarded, vs being laid on the house.

When a block is QC laser scanned, the actual block dimensions will be stored in the table.

[00152] Also associated with the blockstate table are the head flipper and laying arm
logs, as these are only stored once per block. These record the start time and operation

time of each operation.

TABLE 13: BLOCKSTATE TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

blockiD INT (Relation) The ‘block’ that that this ‘blockstate’ is refereeing to,
many ‘blockstate’ records can reference the same ‘block’
in the case of block breakage

dehackeroperationID INT (Relation) The ‘dehackoperation’ that produced this ‘blockstate’,
each ‘dehackoperation’ can have many ‘dehackstate’
records

sawoperationlD INT (Relation) The ‘sawoperation’ that produced this ‘blockstate’, each
‘sawoperation’ can have only one ‘dehackstate’ record

LoclD INT The current location on the machine that the block is in

CutComp REAL Specifies if the block has been cut to length

RouteComp REAL Specifies if the block has been routed

SpigotComp REAL Specifies if the spigot has been removed

FrontLengthRem REAL Specifies the length of block removed from the front
(front and back refer to the two block ends)

BackLengthRem REAL Specifies the length of block removed from the back
(front and back refer to the two block ends)

CurrentLength REAL Specifies the current length of the block

Long REAL The QC scanned actual length of the block
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Wide REAL The QC scanned actual width of the block
High REAL The QC scanned actual height of the block
FlipLogTime TIMESTAMP The start time of the flipper operation ;
FlipOperationTime TIME The time taken for the flipper to complete brick delivery
ArmLogTime TIMESTAMP The start time of the arm operation
ArmOperationTime TIME The time taken for the arm to complete brick delivery

[00153] To complement the blockstate table, there is a locationstate table to record the
state of all clamps on the machine. This table records if the clamp has a block and what
its ID is. This is required in addition to the block state data as during block transfers,
two clamps can be holding the same block. This data is used to prevent the machine
moving two clamps apart when they both have hold of a block as it could cause damage

to the machine.

TABLE 14: LOCATION TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

clampiD INT The ID of the physical clamp on the machine

clampPosition BOOL Specifies if the clamp has hold of a block

BlockiD INT The block type that is loaded in the de hacker bay, this
corresponds to the ‘block’ IDX field but there is no database
relationship

[00154] To perform equipment logging, each item of equipment of has its own data
structure type in a PLC. Separate buffers for each equipment struct type are used for
logs across the brick laying machine. If the tail does not get appended successfully, an

alarm will be raised.

[00155] Each time a piece of machine equipment moves or handles a block, the details
are recorded. Typically this includes the block ID, what the equipment was doing,

performance parameters and any applied corrections from the Vision system.

[00156] The conveyoroperation table records the pallet type that was loaded and
operational data. The operational data consists of operation time, the mean torque, the
torque standard deviation, the lag error mean and the lag error standard deviation. The
operational data will aid the detection of equipment performance changes over time.
Conveyor operation records are not attached to a particular house, as the blocks from a

single pallet could be used to build adjacent houses without machine pack up in between.

TABLE 15: LOCATION TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

palletdefinitioniD INT (Relation} Links to the ‘palletdefinition’ that defines the pallet type
ioaded by the ‘conveyoroperation’ record, each
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‘palletdefinition’ can have many ‘conveyoroperation’
records

LogTime TIMESTAMP The time that the operation began

OperationTime TIME The time it took to perform the operation

DehackerlD INT The de-hacker (eg left or right) that performed the
operation

MeanTorque REAL The mean (average) torque of the axis during the operation

TorqueDeviation REAL The statistical standard deviation of the axis torque during
the operation

MeanlagError REAL The mean (average) lag error of the axis during the
operation

LagErrorDeviation REAL The statistical standard deviation of the axis lag error

during the operation

[00157] For each row removed from a pallet, a dehack operation is recorded in the

dehackoperation table. This includes the results returned from the vision system. That

is, the X and Y location as well as the rotation of three detected rows. The three rows

are the two edge rows and the centre most row. The centre row is required as the

geometry of the bays requires some pallets to be dehacked from the centre rows out.

Along with the vision data, the PLC records the pallet layer and what row (of the three

returned) was actually picked up. Operational logs are not stored as the de-hackers are

3d motion controlied CNC equipment, and the data cannot easily be reduced to a set of

statistical values. Analysis of these drives must be performed on the axis logging data

described later. The operation logs will not include the clamp operation as this is handled

by the clamp exchange tables described below.

TABLE 16: DEHACKOPERATION TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

conveyoroperatiolD | INT {Relation) The ‘conveyoroperation’ that that produced the pallet
that this ‘dehackoperation’ is being performed on, each
‘conveyoroperation’ can have many ‘dehackoperation’
records

LogTime TIMESTAMP The time that the operation began

OperationTime TIME The time it took to perform the operation

LayerNo INT The layer being dehacked

RowNo INT The row (of those returned from the vision system) that
was dehacked

PosX1 REAL Row 1 X position

PosY1 REAL Row 1Y position

PosR1 REAL Row 1 rotation

PosX2 REAL Row 2 X position

PosY2 REAL Row 2 Y position

PosR2 REAL Row 2 rotation

PosX3 REAL Row 3 X position

PosY3 REAL Row 3 Y position

PosR3 REAL Row 3 rotation

RowsDetected INT How many rows were detected by the vision system
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[00158] For each cut the saw makes, a saw operation is recorded in the sawoperation
table. The operation logs will not include the clamp operation as this is handled by the
clamp exchange tables described below. The operational logs will hold the table axis
operation time, the mean torque, the torque standard deviation and the lag error
standard deviation. It will also record the saw torque standard deviation and the velocity

error standard deviation.

TABLE 17: LOCATION TABLE DESCRIPTION

Field Type Description
IDX INT (Primary Key)
blockstatelD INT {Relation) Links to the ‘blockstate’ that that the ‘sawoperation” was

performed on, each ‘blockstate’ can have only aone
‘sawoperation’ record

LogTime TIMESTAMP The time that the operation began
OperationTime TIME The time it took to perform the operation
MeanTorque REAL The mean (average) torque of the saw during the operation

[00159] For each block that the router cuts, a router operation is recorded in the
routeroperation table. Operational logs are not stored as the router is a 3d motion
controlled CNC equipment, and the data cannot easily be reduced to a set of statistical
values. Analysis of these drives must be performed on the axis logging data described
later. The logs will not include the clamp operation as this is handled by the clamp

exchange tables described below.

TABLE 18: LOCATION TABLE DESCRIPTION

Field Type Description
IDX INT (Primary Key)
blockstateiD INT (Relation) Links to the ‘blockstate’ that that the ‘routeroperation’ was

performed on, each ‘blockstate’ can have only one
‘routeroperation’ record

LogTime TIMESTAMP The time that the operation began

OperationTime TIME The time it took to perform the operation

[00160] Each time the transfer robot moves a block from one location to another, a
transfer operation log is made in the transferoperation table. This the source and
destination clamp locations. The transfer can perform muitiple types of block transfer and
these require different logs. If the block requires an accurate pick up, the logs include the
results returned from the vision system. That is, the X and Y location as well as the
rotation of the block. If the transfer is to the carousel, the transfer will include a laser
scan. The laser scan logs if the scan resulted in an accurate block match to the expected
block. Operational logs are not stored as the transfer is a 3d motion controlled CNC

equipment, and the data cannot easily be reduced to a set of statistical values. Analysis
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of these drives must be performed on the axis logging data described later. The logs will
not include the clamp operation as this is handled by the clamp exchange tables

described below.

TABLE 19: TRANSFEROPERATION TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

blockstatelD INT (Relation) Links to the ‘blockstate’ that that the ‘transferoperation’
was performed on, each ‘blockstate’ can have many
‘transferoperation’ records

LogTime TIMESTAMP The time that the operation began

OperationTime TIME The time it took to perform the operation

Sourceloc INT The location ID where the transfer picked up the block

DestinationlLoc INT The location ID where the transfer dropped off the block

PosX" REAL Vision system correction X component

PosY REAL Vision system correction Y component

PosR REAL Vision system correction rotation component

BlockMatch BOOL If the transfer inciuded a laser scan QC, this field will
indicate if the scan matched the model in memory

ClampGrabOp INT Refers to the clamp grab operation record, thereis no
actual database relationship

ClampReleaseOp INT Refers to the clamp grab operation record, thereis no
actual database relationship

[00161] Every time a block is grabbed or released by a clamp (or platform), a clamp
operation is logged in the clampoperation and clampexchange tables. These are always
in pairs (giving and receiving clamp/platform) and are linked by a clampexchange table,
This includes the type of operation (open/close), the clamp side (left/right for individually
operated clamp sides) and the operation logs for the clamp. The operational data will aid
the detection of equipment performance changes over time. The operational data
consists of operation time, the mean torque and the torque standard deviation.
Depending on if the clamp is a position or clamp operation, the additional data of velocity

error standard deviation or lag error standard deviation is also logged.

TABLE 20: CLAMPOPERATION TABLE DESCRIPTION

Field Type Description
IDX INT (Primary Key)
blockstatelD INT (Relation) Links to the ‘blockstate’ that that the ‘clampoperation’ was

performed on, each ‘blockstate’ can have only one
‘clampoperation’ record

LogTime TIMESTAMP The time that the operation began

OperationTime TIME The time it took to perform the operation

IDClamp INT The clamp that this record has been logged for
OperationType BOOL Is the operation opening or closing

SideClamp BOOL Specifies the left or right clamp for two piece clamps
MeanTorgue REAL The mean (average) torque of the axis during the

operation
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TorqueDeviation REAL The statistical standard deviation of the axis torque during
the operation
VeloErrorDeviation REAL The statistical standard deviation of the axis velocity error
during the operation

TABLE 21: CLAMPEXCHANGE TABLE DESCRIPTION

Field Type Description
IDX INT (Primary Key)
clampoperationdestinationID | INT (Relation) The ‘clampoperation’ that is receiving the block,

each ‘clampoperation’ can link to multiple
‘clampexchange’ records (give and receive)

clampoperationsourcelD INT (Relation) The ‘clampoperation’ that is giving the block, each
‘clampoperation’ can link to multiple
‘clampexchange’ records (give and receive)

[00162] The vision system logging uses the database frequently. Upon start-up, the
vision system will grab the details of every type of block from the database. This
information is comprised of properties of the block relevant to the vision system, such as
the ideal dimensions of the block, the presence of a spigot and the stacking pattern of
the pallet for that block type.

[00163] This information is used frequently through all vision modules once taken from
the database, but the system does not query it again, and hence the generic information

flow is not documented here.

[00164] However, during operation, the database is queried for more specific
information about the blocks. This information relates to the state of the block such as its

current location, its measured size, its block type and its bore/channel details.

[00165] Upon completion of each vision analysis, the results are logged into the
database. This information is kept for later review if required for any reason, and is

detailed enough to trace any single block to all images it appears in.

[00166] The information stored is separated by module, as described in the following

sections.

[00167] The dehacker module has a lot more information to log when compared to the
other modules, with respect to the database. Every dehacker process has an associated
dehackhalcon table with it. As with other modules, one of these records is created for

every request the PLC makes.

TABLE 22: DEHACKHALCON TABLE DESCRIPTION

| Field ] Type I Description
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IDX INT (Primary Key)
dehackoperationiD | INT (RELATION) Links to the ‘dehackoperation’ that the ‘dehackhalcon’
analysis was performed for, each ‘dehackoperation’ can
have many ‘dehackhalcon’ records

ErrorlD INT If the analysis could not be completed, the error code
returned to the PLC

[00168] Unlike other modules, the dehacker contains three tables of results, the
dehackrowshalcon, dehackrowhalcon and the dehackblockhalcon. For every attempted
analysis, a dehackrowshalcon record is created, along with a list of block rows, each
represented by a single dehackrowhalcon entry. This entry contains the calculated
effective centre of the row in 6DOF. For every block row, there exists many blocks, each
block is represented by an entry in the dehackblockhalcon table, each containing the
6DOF of the block as well as the type of block. Therefore, every attempt for the dehacker
vision module contains one dehackrowshalcon, comprised of many dehackrowhalcon
which in turn each have many dehackblockhalcon. The three rows that are selected for

PLC return, are indicated in the dehackrowhalcon records.

TABLE 23: DEHACKROWSHALCON TABLE DESCRIPTION

Field Type Description
IDX INT (Primary Key)
dehackhalconiD INT (RELATION) Links to the ‘dehackhalcon’ record that the

‘dehackrowshalcon’ record belongs to, each ‘dehackhalcon’
record can have many ‘dehackrowshalcon’ records
LogTime TIMESTAMP The time that the operation began

TABLE 24: DEHACKROWHALCON TABLE DESCRIPTION

Field Type Description
IDX INT (Primary Key)
dehackrowshalconID INT (RELATION) Links to the ‘dehackrowshalcon’ record that the

‘dehackrowhalcon’ record belongs to, each
‘dehackrowshalcon’ record can have many
‘dehackrowhalcon’ records

ResultRow INT IF this row is a result returned to the PLC, give it the PLC
return number {1-3) else this will be 0

PosX REAL The X coordinate of the row center

PosY REAL The Y coordinate of the row center

PosZ REAL The Z coordinate of the row center

PosA REAL The A rotation of the row

PosB REAL The B rotation of the row

PosC REAL The C rotation of the row

TABLE 25: DEHACKBLOCKHALCON TABLE DESCRIPTION

Field Type Description
IDX INT {Primary Key)
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dehackrowhalconiD INT (RELATION) Links to the ‘dehackrowhalcon’ record that the
‘dehackblockhalcon’ record belongs to, each
‘dehackrowhalcon’ record can have many
‘dehackblockhalcon’ records

BlockTypelD INT The block type for the block being analysed, this
corresponds to the ‘block’ IDX field but there isno
database relationship

PosX REAL The X coordinate of the block centre
PosY REAL The Y coordinate of the block centre
PosZ REAL The Z coordinate of the block centre
PosA REAL The A rotation of the block
PosB REAL The B rotation of the block
PosC - REAL The C rotation of the block

[00169] Every transfer operation is linked to a single table in the database named

transferhalcon. This table represents the link between a PLC operation and the vision
system analyses. One of these tables is created for every time the PLC commences a
transfer operation to move a block from one location in the base to another location.

Each of these transfers will contain one or more transferblockhalcon tables.

[00170] The transferblockhalcon table is the table which contains the actual results of
each analysis. The information stored in this table both represent the detected location of
the block as well as having the required information to reproduce the analysis if required.
Hence, the table contains the results of the analysis as well as the state of the block and
the location it is stored in. The results of the analysis being the blocks’ X, Y and R
locations. The state of the block describes the block at the time of analysis, with regards
to its left cut amount and a right cut amount. Finally, the location state comprises of an
offset X, Y and R for the analysis location, calculated via offsets provided by the PLC and

offsets defined during machine setup/calibration.

TABLE 26: TRANSFERHALCON TABLE DESCRIPTION

Field Type Description
IDX INT (Primary Key)
transferoperationiD | INT (RELATION) Links to the ‘transferoperation’ record that the

‘transferhalcon’ record belongs to, each
“transferoperation’ record can have many
“transferoperation’ records

ErroriD INT If the analysis could not be completed, the error code
returned to the PLC

TABLE 27: TRANSFEBLOCKRHALCON TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

transferhalconID INT (RELATION) Links to the ‘transferhalcon’ record that the
‘transferblockhalcon’ record belongs to, each
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“transferhalcon’ record can have many
‘transferblockhalcon’ records

LogTime TIMESTAMP The time that the operation began

CutLeft REAL The amount of block missing on the left end

CutRight REAL The amount of block missing on the right end

OffsetX REAL A bay can hold multiple blocks, the represents the X
coordinate offset for the block that should be analysed

OffsetY REAL A bay can hold multiple blocks, the represents the Y
coordinate offset for the block that should be analysed

OffsetR REAL A bay can hold multiple blocks, the represents the Rotation
offset for the block that should be analysed

PosX REAL The actual X cocrdinate of the block

PosY REAL The actual Y coordinate of the block

PosZ REAL The actual Rotation of the block

[00171] Every QC laser scanner operation is linked to a single table in the database

named laserscanhalcon. This table represents the link between a PLC operation and the

vision system analyses. One of these tables is created every time the PLC passes the

laser scanner with a block for the carousel, and is populated with one or more result

tables. The QC results are very simple. The PLC only receives a pass or fail, with an

identifier if failed. As before, there may be a number of analyses for each laserscanhalcon

entry, one for each attempt.

TABLE 28: LASERSCANHALCON TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

transferoperationiD | INT (RELATION} Links to the ‘transferoperation’ record that the
‘laserscanhalcon’ record belongs to, each
‘transferoperation’ record can have many
‘laserscanhalcon’ records

ErroriD INT If the analysis could not be completed, the error code

returned to the PLC

TABLE 29:LASERSCANBLOCKHALCON TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

laserscanhalconiD INT (RELATION} Links to the ‘laserscanhalcon’ record that the
‘laserscanblockhalcon’ record belongs to, each
‘laserscanhalcon’ record can have many
‘laserscanblockhalcon’ records

LogTime TIMESTAMP The time that the operation began

BlockMatch BOOL Does the scanned block match the 3d model of the block
within a pre-determined tolerance

Long REAL The scanned length of the brick

Wide REAL The scanned width of the brick

High REAL The scanned height of the brick
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[00172] For every lay head vision operation, there exists a single table named

headhalcon. This table represents the link between PLC operation and the vision system

analyses. One of these tables is created for every request the PLC requests for the lay

head module and is populated with one or more result tables.

[00173] For every headhalcon table there exists at least one table named

headblockhalcon. This table contains the actual results of a single vision analysis, which

are the 6DOF poses of the blocks. In the case of an intermittent fault, there will be more

than one of these headblockhalcon table, one for each attempt.

TABLE 30: HEADHALCON TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

blockstatelD INT (RELATION) Links to the ‘blockstate’ record that the ‘headhalcon’
record belongs to, each ‘blockstate’ record can have many
‘headhalcon’ records

ErrorlD INT If the analysis could not be completed, the error code

returned to the PLC

TABLE 31:HEADBLOCKHALCON TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

headhalconID INT (RELATION) Links to the ‘headhalcon’ record that the ‘headblockhalcon’
record belongs to, each ‘headhalcon’ record can have
many ‘headblockhalcon’ records

LogTime TIMESTAMP The time that the operation began

PosX REAL The X component position correction of the actual block
location

PosY REAL The Y component position correction of the actual block
location

Posz REAL The Z component position correction of the actual block
location

PosA REAL The A component position correction of the actual block
location

PosB REAL The B component position correction of the actual block
location

PosC REAL The C component position correction of the actual block

location

[00174] For every single instance of any vision result table, the vision system also

stores several images used and created during the analysis in a standardised location.

These images include the raw image from the image device, as well as various other

forms of data generated during analysis. The filenames of the files describe the situation

when the request was made.

[00175] For example, the filename “Logs/B1/TM/T8-1-F1P” refers to:
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[00176] House 1, Transfer Master, Transfer location 8, PLC operation ID 1, Faulted
attempt 1, Processed.

[00177] For the dehacker, the raw image and a processed image are stored for every
dehackhalcon entry. The processed image being the image after being rectified into

global co-ordinates and has the locations of each block and row marked.

[00178] Dehacker entries are stored with the identifier D#, where # is the ID of the
dehacker. The file prefixes match the identifier.

[00179] The transfer stores the raw image from the relevant camera and the processed
image after being mapped into the world co-ordinate system, with the detected block

outlined.

[00180] These entries are stored with the identifier TM, with the individual entries

prefixed T#, where # is the location ID.

[00181] For every laserscanhalcon entry, the raw image from the laser scanner is
stored, as well as the point cloud represented in the image, the point cloud of missing
points, and the point cloud of extra points. For later reference, the match location of the

block in the point cloud is also stored, despite not being relevant to operation.

[00182] QC entries are stored using the identifier QC. With files being prefixed also with
QC and suffixed with the content type, where M refers to missing and E refers to extra.
Example: QC-2, QC-4-F2M or QC-6-F1E. In theory, there should not be a M or E file for a
perfect block.

[00183] For the layhead, all raw images from the camera array as well as the calculated

point cloud from the images are stored for every headhalcon entry.

[00184] Layhead entries are stored using the identifier LH, with the numerous images
prefixed L1 to L6.

[00185] All axis and instruments have normal logging of operational data. As a drive is

operating it will check the following parameters:

o Lag between setpoint and actual position of drive (Positionlag)
e Velocity of drive

e Acceleration of drive

e Torque of drive

o Distance travelled by drive
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If any of these change by a significant amount (amount is configurable) an event will be
triggered to create a log in the database. Regardless of the trigger for logging, the

following variables will be stored:

TABLE 32: DRIVE TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

DrivelD INT unique ID of the drive

LogTime TIMESTAMP The time that the log was generated

TotalDistance BIGINT Total distance travelled by drive at this point in time

ExecutePosition BOOL Drive is being commanded to move to the set point

PositionSP REAL Drive position set point from the controller

Position REAL Drive position at time of logging

Positionlag REAL Drive position lag (difference between setpoint and actual
position) at time of logging

Velocity REAL Drive velocity at time of logging

Acceleration REAL Drive acceleration at time of logging

Torque REAL Drive torque at time of logging

[00186] This data will be stored within a custom-made ‘drive-log’ structure. This will then
be appended as a tail to a buffer of axis log structures. The buffer will be used for all axis
logs across the machine. If the tail does not get appended successfully, an alarm will be

raised.

[00187] A drive that is defined as a DriveReference will store the above variables, as well
as the position, velocity and acceleration relative to the parent that it is referencing. The
data will be stored within a custom-made ‘DriveReference-log’ structure. The buffer will

be used for all DriveReference logs across the machine. If the tail does not get appended

successfully, an alarm will be raised.

TABLE 33: DRIVEREFERENCE TABLE DESCRIPTION

Field Type Description

IDX INT (Primary Key)

DrivelD INT unique ID of the drive

LogTime TIMESTAMP The time that the log was generated

TotalDistance BIGINT Total distance travelled by drive at this point in time

ExecutePosition BOOL Drive is being commanded to move to the set point

PositionSP REAL Drive position set point from the controller

Position REAL Drive position at time of logging

Positionlag REAL Drive position lag (difference between setpoint and actual
position) at time of logging

Velocity REAL Drive velocity at time of logging

Acceleration REAL Drive acceleration at time of logging

Torque REAL Drive torque at time of logging

ExecutePositionRef REAL Drive is being commanded to move to the referenced
position SP
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PositionRefSP REAL Drive referenced position SP from the controller
PositionRef REAL Drive referenced position at time of logging
VelocityRef REAL Drive referenced velocity at time of logging
AccelerationRef REAL Drive referenced acceleration at time of logging

[00188] A drive that is defined as DriveClamp will store the same variables as a
DriveReference, as well as total distance the clamp apparatus itself has travelled. It also
records the clamp operation state {what the clamp is doing). The data will be stored
within a custom-made 'DriveClamp-log’ structure. The buffer will be used for all
DriveClamp logs across the machine. If the tail does not get appended successfully, an

alarm will be raised.

TABLE 34: DRIVEREFERENCE TABLE DESCRIPTION

Field Type Description
IDX INT (Primary Key)
DrivelD INT unique ID of the drive
LogTime TIMESTAMP The time that the log was generated
TotalDistance BIGINT Total distance travelled by drive at this point in time
ExecutePosition BOOL Drive is being commanded to move to the set point
PositionSP REAL Drive position set point from the controller
Position REAL Drive position at time of logging
PositionLag REAL Drive position lag {difference between setpoint and actual
position) at time of logging
Velocity REAL Drive velocity at time of logging
Acceleration REAL Drive acceleration at time of logging
Torque REAL Drive torque at time of logging
ExecutePositionRef REAL Drive is being commanded to move to the referenced
position SP
PositionRefSP REAL Drive referenced position SP from the controller
PositionRef REAL Drive referenced position at time of logging
VelocityRef REAL Drive referenced velocity at time of logging
AccelerationRef REAL Drive referenced acceleration at time of logging
ClampTotalDistance | BIGINT Total distance travelled by the clamp at this point in time
OperationState INT (ENUM) What is the clamp doing:
0 - no command
1-opening
2 —open
3 —closing
4 — closed

[00189] The design and control software of the invention provides a complete solution
from design through to completed build, of any structure that may be built from bricks or

blocks using a brick laying machine.
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The Claims Defining the Invention are as Follows

1.

Computer aided design software for designing a brick construction, said computer
aided design software having a user interface allowing a user to input building plan
data, said computer aided design software generating from said building plan data,
data representative of a scale top-plan view of walls with predetermined known wall
length dimensions, said computer aided design software generating a virtual
extrusion of length commensurate with the wall height;

said computer aided design software determining brick by brick placement data for
said walls, including the identification of the position and orientation in three
dimensions of each brick relative to a point of origin, including determining brick
stepping and brick nesting at wall intersections, and having regard to a
predetermined minimum cut brick length - determination of cut length data for
individual bricks to be cut to length in order to meet the required dimensions of wall
length;

said computer aided design software compiling a brick placement database
including brick type, position and orientation in three dimensions of each brick
relative to said point of origin, and cut length data for each brick identified as to be

cut to length.

Computer aided design software as claimed in claim 1 having a first table
containing one or more user selectable settings allowing stock brick type and size

parameters to be stored and selected for walls.

Computer aided design software as claimed in claim 1 or 2 wherein said building
plan data is representative of a scale top-plan view of external walls and internal

walls.

Computer aided design software as claimed in any one of the preceding claims
wherein said computer aided design software generates footing data and/or
concrete pad data including the dimensions, position and orientation of the footings
and/or concrete pad relative to a point of origin, relative height off-set between the
bottom of the external walls and optionally the bottom of the internal walls and
between different sections of internal walls and optionally determines the required

volume of concrete to form the pad.

Computer aided design software as claimed in any one of the preceding claims

wherein said computer aided design software allows user input of and storing
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positioning data for voids and/or apertures in said extrusion, said voids and/or
apertures being of dimensions commensurate with the height and width of doors

and windows to be fitted in the completed building.

Computer aided design software as claimed in any one of the preceding claims
wherein said computer aided design software allows user input of and storing
services positioning data for at least one of plumbing, electrical and ICT
(Information and Communication Technology) and sound and vision cabling and
connection points in said external walls and in said internal walls; said computer
aided design software generating positioning data for channels in said walls to carry
services and recesses in said walls for said connection points, said computer aided
design software generating machining data for the location of recesses and cavities
to be machined in individual bricks according to the positioning data of said
channels and recesses; and storing said machining data in said brick placement

database.

Computer aided design software as claimed in any one of the preceding claims
adapted to determine the order that each brick is to be laid, and creates in said
brick placement database, an index number allocated to each brick, to identify the

brick laying order.

Computer aided design software as claimed in any one of the preceding claims
wherein the reference position on each brick is the centroid of all dimensions of
each brick, trimmed or whole, but for simplicity not taking into account any routed

cut-outs or recesses.

Computer aided design software as claimed in any one of claims 4 to 8 wherein the
relative height off-set between the bottom of the external walls and the bottom of
the internal walls may be reflected in different z values for the first course of bricks

of the external course and the internal course.

Computer aided design software as claimed in any one of the preceding claims
wherein different spacings between adjacent bricks and thicknesses of adhesive or
mortar between adjacent bricks are accounted for and adjacent brick spacing A and

brick base spacing B are stored in the brick placement database.

Computer aided design software as claimed in any one of the preceding claims
wherein for cut bricks the design software exports the coordinates of the cut to said

database.
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Computer aided design software as claimed in any one of claims 6 to 11 wherein for
routed bricks the design software exports the coordinates of the rout to said

database.

Computer aided design software as claimed in any one of the preceding claims
wherein the design software brick placement database includes at least one trim

data field to store a trim value or a trim value array for each brick.

Computer aided design software as claimed in any one of claims 6 to 13 having a
first library in which data pertaining to one or more building plans in the form of

said data sets are stored.

Computer aided design software as claimed in claim 14 having a second library in

which data pertaining to one or more pre-defined rooms are stored.

Computer aided design software as claimed in claim 15 having a third library in
which data pertaining to a plurality of doors and windows are stored, corresponding
to data for stock items used in determining said positional data based on selected

doors or windows.

Computer aided design software as claimed in any one of claims 6 to 16 wherein
said computer aided design software treats walls of a structure to be built as
segments extending between intersections of brickwork, where each segment has a
course segment extending between intersections of brickwork and window and door

opening edges; where any said course segment has a length s, where:
s=n(b+A)+r+A+pe+pA+qgf+qgA-A

where A is the A value or gap),
b is the stock brick length,
e and f are the end overlap at a brick wall intersection,

p may be 1 (indicating e is equal to the width of a brick at the intersecting

wall, or zero (abutting),

g may be 1 (indicating f is equal to the width of a brick at the intersecting

wall, or zero (abutting),
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r is the remainder which may be zero or greater than or equal to 0.2 b,
preferably 0.25 b, and if this is true, a single brick is cut to length r to

complete the course segment;
and if r is less than 0.2 b, preferably 0.25 b,
s=(n-1)(b+A)+2r+2A+pe+pA+pf+qgA-A

where r is the length that two bricks are cut to, to locate within and complete a

course segment having n-1 bricks.

Computer aided design software as claimed in claim 17 wherein a next course of
said bricks are arranged in order to achieve preferred stepping, where a said course
segment includes two bricks of length r, the immediately overlying course segment
includes a single brick of length r balanced on the join between the two bricks of
length r, with two bricks cut to length of c=(b+r)/2, located on either side thereof,
with bricks of stock brick length b continuing away from at least one of said two
bricks cut to length of ¢, and the course segment length can be described by the

following:
s=(n-2){b+A)+r+A+2(c+A) + p.e+ p A+ pf+qgA-A

Control software to control a brick laying machine to build a building or other
structure of brick construction, said control software accessing a brick placement
database compiled by computer aided design software as claimed in any one of the
preceding claims, said control software controlling said machine to cut and
optionally to machine each said brick in accordance with data stored in said brick
placement database, and controlling said machine to convey each said brick one by
one, and apply adhesive and locate each said brick according to data stored in said

brick placement database.

Control software to control a brick laying machine to build a building or other
structure of brick construction, said control software accessing a brick placement
database including brick type, position and orientation in three dimensions of each
brick relative to a point of origin, cut length data for each brick identified as to be
cut to length, and machining data for each brick including a trim value or a trim
value array for each brick being trim data derived from data received from a
scanner located at a surveying position to measure the relative surface height of a
surface extent where bricks are to be laid; said control software correcting for the

difference in height of the surface extent for each brick, from the lowest point and
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the highest point for each course of bricks and determining from said trim data the
amount to be machined from a horizontal face of each brick so that the top of each
course of bricks is level when laid; said control software controlling said machine to
cut and machine each said brick in accordance with data stored in said brick
placement database, said control software controlling said machine to convey each
said brick one by one, and apply adhesive and locate each said brick according to

data stored in said brick placement database.

Control software to control a brick laying machine to build a building or other
structure of brick construction, said control software accessing a brick placement
database including brick type, position and orientation in three dimensions of each
brick relative to a point of origin, cut length data for each brick identified as to be
cut to length, and machining data for each brick; said control software including a
scanner interface to receive data from a scanner located at a surveying position to
measure the relative surface height of a surface extent where bricks are to be laid,
storing the height of the surface for at least one location for each brick at which
each brick is to be located according to said brick placement database; said control
software correcting for the difference in positioning of said surveying position and
said point of origin and determining the difference in height of the surface for said
at least one location for each brick, from the lowest point and the highest point for
each course of bricks and storing the difference in said brick placement database as
trim data in the form of a trim value or trim value array for each said brick
corresponding with the amount to be machined from a horizontal face of each brick
so that the top of each course of bricks is level when laid; said control software
controlling said machine to cut and machine each said brick in accordance with data
stored in said brick placement database, said control software controlling said
machine to convey each said brick one by one, and apply adhesive and locate each

said brick according to data stored in said brick placement database.

Control software as claimed in any one of claims 19 to 21 wherein said control
software determines the order that each brick is to be laid, and creates an index
number allocated to each brick, to identify the brick laying order, and enters the

index number into the brick placement database.

Control software as claimed in any one of claims 19 to 22 wherein said control
software includes a library of handling identifiers which each identify a unique
handling device within said brick laying machine, and said control software

produces a handling table identifying individual bricks and associating individual



WO 2018/009985 PCT/AU2017/050738

24.

25.

26.

27.

53

bricks with a particular handling device at a particular time, and updating said
handling table as individual brick progress from handling device to handling device

with the elapsing of time.

Control software as claimed in any one of claims 19 to 23 wherein said control
software calculates corrected x y z position and orientation data relative to said
point of origin for each brick recorded in said brick placement database, based on
the difference between the location of the point of origin and the surveying
position, and records the corrected x y z position and orientation data relative to

said surveying position, for use in controlling said brick laying machine.

Control software as claimed in any one of claims 19 to 24 wherein said trim data is
measured and stored as a trim value array for multiple locations for each said brick,
so that said machine may machine said brick to compensate for localised footing or

pad height excesses.

A method of building a structure, comprising steps of determining the size of brick
to be utilised; creating a scale top-plan view of walls with predetermined known
wall length dimensions; determining brick by brick placement data for said walls,
including identification of the position and orientation in three dimensions of each
brick identification of the position in three dimensiohs and orientation of individual
bricks to be cut to length in order to meet the required dimensions of wall length,
and determining the order that each brick is to be laid, and storing this data in a
brick placement database; measuring the relative surface height of a surface extent
where bricks are to be laid, recording the height of footings for at least one location
at which each brick is to be located according to said brick placement data,
determining the difference in height of the footings for at least said one location for
each brick, from the lowest point to the highest point for at least the first course of
bricks and storing the difference from the lowest point as trim data in the form of a
trim value or trim value array for said at least one location for each said each brick
corresponding with the amount to be machined from a horizontal face of each brick
so that the top of at least the first course is levelled when laid, the trim data being
stored with said brick placement data; cutting each said brick in accordance with
said brick placement data, conveying each said brick one by one, and applying
adhesive and locating each said brick according to said brick placement data.

A method of building a building or other structure, comprising steps of determining
the size of brick to be utilised for external walls and the size of brick to be utilised

for internal walls; creating a scale top-plan view of external walls and internal walls
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with predetermined known wall length dimensions, determining footing and/or
concrete pad data including the dimensions of the footings and/or concrete pad,
relative height off-set between the bottom of the external walls and the bottom of
the internal walls and between different sections of internal walls and optionally
determining the required volume of concrete to form the pad; planning the
configuration of the walls from the footings and/or pad up to the tops of the walls
including positional determination of voids of dimensions commensurate with the
height and width of doors and windows to be fitted, and positioning data for
channels and recesses (chasing) for services of plumbing, electrical and ICT and
sound and vision cabling and connection points in said external walls and in said
internal walls; determining brick by brick placement data for said external walls and
said internal walls, including identification of the position and orientation in three
dimensions of each brick relative to the footings and/or concrete pad, identification
of the position in three dimensions of individual bricks to be cut to length in order
to meet the required dimensions of wall length, void size and aperture size, and
generating machining data for the position of recesses and cavities to be machined
in individual bricks according to the positioning data of said channels and recesses,
and determining the order that each brick is to be laid, and storing this data in a
brick placement database; measuring the relative surface height of a surface extent
where bricks are to be laid , recording the height of the footings and/or a concrete
pad for at least one location at which each brick is to be located according to brick
placement data as described above, determining the difference in height of the pad
for at least said one location for each brick, from the lowest point to the highest
point for at least the first course of bricks and storing the difference from the lowest
point as trim data in the form of a trim value or trim value array for said at least
one location for each said each brick corresponding with the amount to be
machined from a horizontal face of each brick so that the top of at least the first
course is level when laid, the trim data being stored with said brick placement data;
cutting and machining each said brick in accordance with said brick placement data,
conveying each said brick one by one, and applying adhesive and locating each said

brick according to said brick placement data.

The method as claimed in claim 26 or 27 wherein the building or structure may be

built course by course until completed to the required height.

The method as claimed in claim 20 wherein the first course of each course of bricks

is machined to reduce their height as necessary, according to the data from
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measuring the relative surface height of footings and/or a concrete pad so the tops

of the first course are level.

The method of any one of claims 19 to 21 wherein said trim data is measured and
stored as a trim value array for multiple locations for each said brick, so that each

said brick is machined to compensate for localised footing or pad height excesses.

The method of any one of claims 19 to 21 wherein position and orientation data for
each brick includes x and y horizontal dimensions relative to a reference point, with
reference to a position on each brick, z vertical dimension, and @ angle relative to

magnetic north or other direction.
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an extent that no meaningful international search can be carried out, specifically:

3. I:I Claims Nos:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See Supplemental Box for Details

As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

—_

9. I:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

3. I:l As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. I:I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable,

the payment of a protest fee.

I:‘ The additional search fees were accompanied by the applicant's protest but the applicable
protest fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.
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Continuation of: Box II1
This International Application does not comply with the requirements of unity of invention because it does not relate to one invention or to a group
of inventions so linked as to form a single general inventive concept.

This Authority has found that there are different inventions based on the following features that separate the claims into distinct groups:

e Group 1: Claims 1-18 are directed to CAD software for designing a brick construction. The feature of the building plan data is specific
to this group of claims.

e Group 2: Claims 19-25, 29-31 are directed to control software for control of a brick laying machine. The feature of the brick laying
machine is specific to this group of claims.

®  Group 3: Claims 26-28 are directed to a method of building a structure. The feature of the footings is specific to this group of claims.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship among the claimed inventions
involving one or more of the same or corresponding special technical features. PCT Rule 13.2, second sentence, defines a special technical feature
as a feature which makes a contribution over the prior art.

When there is no special technical feature common to all the claimed inventions there is no unity of invention.

In the above groups of claims, the identified features may have the potential to make a contribution over the prior art but are not common to all the
claimed inventions and therefore cannot provide the required technical relationship. The only feature common to all of the claimed inventions and
which provides a technical relationship among them is a 'brick placement database'.

However this feature does not make a contribution over the prior art because it is disclosed in:
D3: US 2009/0038258 Al (PIVAC et al.) 12 February 2009 [ see D3: Para. 40, 72, 74 ].

Therefore in the light of this document this common feature cannot be a special technical feature. Therefore there is no special technical feature
common to all the claimed inventions and the requirements for unity of invention are consequently not satisfied a posteriori.

Furthermore, in relation to:

e  Group 2: Claims 19-25, 29-31 are directed to control software for control of a brick laying machine. The feature of the brick laying
machine is specific to this group of claims.

e  Group 3: Claims 26-28 are directed to a method of building a structure. The feature of the footings is specific to this group of claims.

The only feature common to all of the claimed inventions and which provides a technical relationship among them is a 'brick placement database'
& 'apply adhesive and locate each said brick according to data stored in said brick placement database'.

However these features do not make a contribution over the prior art because they are disclosed in:
D3: US 2009/0038258 A1 (PIVAC et al.) 12 February 2009 [ see D3: Para. 40,42, 55,72, 74 ].

Therefore in the light of this document these common features cannot be special technical features. Therefore there is no special technical feature
common to all the claimed inventions and the requirements for unity of invention are consequently not satisfied a posteriori.

Furthermore, in relation to:

¢ Group 2: Claims 20-25, 29-31 are directed to control software for control of a brick laying machine. The feature of the brick laying
machine is specific to this group of claims.

®  Group 3: Claims 26-28 are directed to a method of building a structure. The feature of the footings is specific to this group of claims.

The only features common to all of the claimed inventions and which provides a technical relationship among them is 'trim data in the form of a
trim value or trim value array', 'brick placement database’ & 'apply adhesive and locate each said brick according to data stored in said brick
placement database’.

However these features do not make a contribution over the prior art because they are disclosed in:
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D3: US 2009/0038258 A1 (PIVAC et al.) 12 February 2009 [ see D3: Para. 40, 42, 55, 72, 74 — cutting is considered trimming; trim data in
the form of a trim value is considered inherent ].

Therefore in the light of this document these common features cannot be special technical features. Therefore there is no special technical feature
common to all the claimed inventions and the requirements for unity of invention are consequently not satisfied a posteriori.

Furthermore, in relation to:

¢ Group 2: Claims 20, 22-25, 29-31 are directed to control software for control of a brick laying machine. The feature of the brick laying
machine is specific to this group of claims.

®  Group 3: Claims 26-28 are directed to a method of building a structure. The feature of the footings is specific to this group of claims.

The only features common to all of the claimed inventions and which provides a technical relationship among them is a 'trim data in the form of a
trim value or trim value avray' & 'an amount to be machined from a horizontal face of each brick so that the top of a course of bricks is level when
laid', 'brick placement database’ & 'apply adhesive and locate each said brick according to data stored in said brick placement database’.

However these features do not make a contribution over the prior art because they are disclosed in:

D3: US 2009/0038258 A1 (PIVAC et al.) 12 February 2009 [ see D3: Para. 40, 42, 55, 72, 74 — cutting is considered trimming; trim data in
the form of a trim value is considered inherent |;

and the feature ‘an amount to be machined from a horizontal face of each brick so that the top of a course of bricks is level when laid' is
considered generic in this particular art.

Therefore in the light of this document these common features cannot be special technical features. Therefore there is no special technical feature
common to all the claimed inventions and the requirements for unity of invention are consequently not satisfied a posteriori.
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