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CNC leather cutting tables 12, a first computer hard drive
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18 comprising a third hard drive 19 and a microprocessor
forming a sequencing engine 20. The first hard drive 14
has a production order database file stored therein, con-
taining hide area, piece pattern template file names and
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locations, and a set of model specific cut sequence rules
for each of a plurality of models. The second hard drive
16 has a plurality of piece pattern template files stored
therein. The third hard drive 19 has a set of computer
readable instructions stored therein for causing the mi-
croprocessor to perform a method for optimising hide us-
age in leather cutting processes. A method for optimising
hide usage in leather cutting processes is also provided.
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Description

[0001] The invention relates to a method, a computer
programme product and an article of manufacture for op-
timising hide usage in leather cutting processes and to
a leather cutting system implementing the method.
[0002] Leatheris used in the production of many prod-
ucts, including motor vehicle interiors, aircraft interiors,
furniture and soft furnishings, clothing, footwear, and lug-
gage. Leatheris a natural material, and the size and qual-
ity of hides is therefore variable. In addition, some hides
may include areas of surface damage which cannot be
used. The leather dying process also presents a problem
since only a set number of hides can be dyed in each
batch, and, in order to ensure full colour matching within
each item produced, product production must therefore
also be batched to meet the available hide area within
each colour batch. This presents a particular problem for
products which are manufactured according to a produc-
tion schedule sequenced by customer order, such as lux-
ury vehicles and furniture, and large amounts of leather
hide are typically currently wasted.

[0003] According to a first aspect of the invention there
is provided a method for optimizing hide usage in leather
cutting processes, the method comprising the steps of:

a) receiving production schedule data comprising a
series of production orders, each order including
model and leather colour information and an identi-
fier;

b) building a parts list for each production order ac-
cording to model and leather colour, the parts list
including the piece pattern area for each part and
the leather colour of each part;

c) selecting a sub-series of production orders from
the series of received orders;

d) reorganizing the selected production orders into
a cut sequence in which the maximum possible
number of orders including the same colour leather
are scheduled to be cut sequentially; and

e) sending the cut sequence of production orders to
a computer controlled leather cutting table for the
orders to be cut by the table in said cut sequence.

[0004] By scheduling the production orders within the
sub-set in this manner, the maximum possible number
of orders including the same colour leather are scheduled
to be cut sequentially by the cutting table. Because the
production orders are sequenced and cut according to
leather colour rather than according to their sequence
within the production order schedule, remnant leather
from a first hide may be used to cut further pieces of the
same colour within the same production order or may be
used to cut pieces of the same colour in the subsequent
production order and so on. Because hide remnants can
thereby be used for at least some subsequent production
orders, the amount of leather wastage is reduced as com-
pared to the wastage that would occur if the orders were
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cut in the sequence in which they appear within the pro-
duction schedule, where hide remnant transfer would not
be possible between production orders.

[0005] Preferably, in step d) the selected production
orders are reorganized into a plurality of cut sequences,
each corresponding to a respective one of a plurality of
cutting tables, the maximum possible number of orders
including the same colour leather being scheduled to be
cut sequentially within each cut sequence, and in step e)
each cut sequence is sent to its respective cutting table.
[0006] Preferably, in step a) each production order
comprises two leather colours, most preferably a main
leather colour and a secondary leather colour. The pro-
duction schedule data is preferably received within a
spreadsheet file or a text file.

[0007] The selected production orders are preferably
reorganized into the plurality of cut sequences by the
following steps:

i. selecting the first cutting table and scheduling a
production order to the table’s cut sequence;

ii. selecting the next cutting table and scheduling a
production order to the table’s cut sequence; and
iii. repeating step ii. until all of the production orders
inthe sub-set have been scheduled to a cutting table,
where the number of production orders in the sub-
set is greater than the number of tables, once the
last cutting table has had a production order sched-
uled to it the scheduling of orders to the cutting tables
recommences at the first cutting table and for each
cutting table the remaining production orders within
the sub-set are searched to find a production order
of the same leather colour as the production order
previously scheduled to that table, where a colour
matched production order is found it is scheduled to
the cut sequence.

[0008] Preferably, in stepiii., where no colour matched
production order is found the sub-set if searched to find
a production order of a preferred follow on leather colour
and where no preferred follow on colour matched pro-
duction order is found the next production order is sched-
uled to the cut sequence.

[0009] Each cutting table is preferably allocated an op-
erating percentage indicating the percentage of its full
capacity that is available for cutting production orders.
Each table may also be allocated an operating efficiency
indicating the number of hides that can be cut by the table
in a given time period. Preferably, the scheduling of pro-
duction orders to the cutting table cut sequences is con-
trolled to ensure that substantially the same number of
leather hides are to be cut by each cutting table, factored
by the operating percentage and operating efficiency of
each cutting table.

[0010] The selected production orders may alterna-
tively be reorganized into the plurality of cut sequences
by the following steps:
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1. selecting the first production order in the sub-set
and scheduling it to the cut sequence of the first cut-
ting table;

2. selecting the next production order and scheduling
it to the cut sequence of the next cutting table;

3. repeating step 2. until each cutting table has had
a production order scheduled to it; and

where the number of production orders in the sub-
set is greater than the number of cutting tables,

4. selecting the next production order and searching
the last production order allocated to the cut se-
quence of each cutting table to find a production or-
der of the same colour of leather, where a colour
match is found scheduling the production order to
that cut sequence and where no colour match is
found restarting step 4.; and

5. repeating step 4. until all of the production orders
in the sub-set have been considered, then schedul-
ing the remaining unscheduled production orders in
the sub-set according to the scheduling steps of par-
agraphs 7 and 8 above.

[0011] The production orders may be searched by
main leather colour or by secondary leather colour.
[0012] The series of production orders preferably com-
prises a leading group of cut only productions orders fol-
lowed by a main group of cut and inspect production or-
ders, the sub-set being selected to include all of the cut
only production orders followed by a first part in series
of the cut and inspect production orders. A number of
inspect only production orders may be added to the end
of the sub-set of production orders, the inspect only pro-
duction orders being scheduled to cutting table cut se-
quences according to steps i to iii above only after the
last cut and inspect production order has been sched-
uled.

[0013] The number of cut only production orders plus
cut and inspect production orders is preferably equal to
the number of production orders that can be cut by the
cutting tables within a production shift or within a group
of two or more consecutive production shifts. The number
of cut only production orders is preferably equal to the
number of inspect only production orders processed by
the previous production shift or group of shifts.

[0014] In step b), the parts list preferably further com-
prises hide type information for each part. Each produc-
tion order may comprise up to two hide types, most pref-
erably shrink optimised leather and/or fine nappa leather.
[0015] Preferably, step b) further comprises: calculat-
ing the part area for each leather colour and leather type
for each production order; increasing the total part area
of each leather type and colour by a nesting buffer per-
centage to provide a bulk area for each leather type and
colour for each production order; and dividing the bulk
area for each leather type and colour for each production
order by an average hide size to provide the number of
hides required of each leather type and colour for each
order.
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[0016] Step b) preferably further comprises retrieving
one or more of the following cut sequence rules for each
production order according to model and adding that in-
formation to the respective order: two colour leather pro-
duction orders start and finish the cutting process with a
fine nappa leather hide or hide remnant, and any shrink
optimised leather hide is located between the fine nappa
leather within the cut sequence; single colour leather pro-
duction orders to be allowed to be sequenced with shrink
optimised hide leather colour being matched between
orders; the preferred leather colour and/or leather type
of the following production order within the cut sequence,
and allow that where there is no production order remain-
ing available within the sub-set that meets the cut se-
quence rule, the next order may be selected from any of
the remaining available production orders; and whether
is it permissible to upgrade the leather type used to cut
a piece pattern from a first hide type to a higher quality
hide type in order to increase the utilised area of a hide,
and assign an upgrade priority level to identify piece pat-
terns most preferred for leather type upgrade.

[0017] The method preferably additionally comprises
retrieving the piece pattern template for each part within
a production order according to model and adding that
information to the respective order, the piece patterntem-
plates being retrieved for each production order accord-
ing to model in step b), or after step c) or step d) and that
information added to the respective order.

[0018] Step e) preferably further comprises compiling
and printing a summary of the work orders for the or each
cutting table, for use by leather inspectors and/or as a
checklist for cutting table operators.

[0019] The method preferably further comprises the
following further step:

f) receiving completed hide cutting information from
the or each cutting table, the information including
one or more of: the size of each hide cut; the colour
of each hide cut; hide quality; the size of remnant
hides used for a subsequent work order; piece pat-
tern nesting strategies used; time taken to scan each
hide prior to cutting; time taken to nest piece patterns
to be cut from each hide; and total time taken to cut
piece patterns from each hide.

[0020] The information received within step f) is pref-
erably received at the end of the or each production shift,
and may additionally be received at regularly spaced in-
tervals during the or each production shift. The hide qual-
ity information is preferably provided for the second hide
of the main leather colour of each production order.
[0021] The method preferably further comprises the
following further step:

g) analysing the information received in step f) to
obtain one or more of the following: average total
hide area used for each model; average amount of
hide used for re-cutting piece patterns for each pro-
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duction order; total hide area used during a specified
time period; variation of hide quality across a spec-
ified time period; variation in the number of hides
used of a specified colour across a specified time
period; variation in hide size across a specified time
period.

[0022] The variation in hide quality is preferably pro-
vided for each hide colour and/or for each hide supplier.
The variation in hide size is preferably provided for each
hide colour and/or for each hide supplier.

[0023] Step g) is preferably carried out weekly.
[0024] Availability of hide colour is an important factor
in the prediction of remnant transfer opportunities and
therefore has a bearing on the cut sequence; this infor-
mation can therefore be used to modify the cut sequence
rules. The frequency of colour used may also be fed-back
into a hide ordering system, in order to control stock lev-
els. Hide size is also an important factor in the prediction
of remnant transfer opportunities and therefore has a
bearing on the cut sequence; this information can there-
fore also be used to modify the cut sequence rules.
[0025] According to a second aspect of the present
invention there is provided a computer programme prod-
uct comprising programme code for performing the steps
of the method as described above.

[0026] According to a third aspect of the present in-
vention there is provided an article of manufacture with
a computer useable medium having computer readable
instructions embodied therein for providing access to re-
sources available on that computer, the computer read-
able instructions comprising instructions to cause the
computerto perform the steps of the method as described
above.

[0027] According to a fourth aspect of the present in-
vention there is provided a leather cutting system com-
prising:

a computer controlled leather cutting table;
firstcomputerreadable memory means having a pro-
duction order database file embodied therein, the
database file containing part information for each
part for a plurality of models;

second computer readable memory means having
a plurality of piece pattern template files embodied
therein;

characterised by:

the part information for each part including the piece
pattern area, leather colour, piece pattern template
file name and location, and any model specific cut
order sequencing rules;

and

the system further comprising a computer compris-
ing a computer readable memory means and a se-
quencing engine, and computer readable instruc-
tions to cause the sequencing engine to perform the
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method according to the first aspect of the invention
being embodied within the memory means, and the
computer being communicatively connected to the
computer controlled cutting table, the first computer
readable memory means, and the second computer
readable memory means.

[0028] The leather cutting system preferably compris-
es a plurality of computer controlled cutting tables, each
being communicatively connected to the computer. The
or each computer controlled cutting table is preferably
operable to scan each hide placed thereon to determine
the size, edges and any flawed un-useable hide areas,
nest received pattern piece templates within the useable
hide area, and cut the nested pattern piece templates
from the hide. The or each computer controlled cutting
table is preferably further operable to nest the received
piece pattern templates to maximise any remnant hide
area. The or each computer controlled cutting table is
preferably further operable to determine remnant hide
area. The or each computer operated cutting table is pref-
erably further operable to store one or more of the fol-
lowing sets of information for each hide cut thereon: col-
our; size; flawed area; nesting strategy used; cutting time;
and remnant hide area.

[0029] The model specific cut sequence rules prefer-
ably comprise one or more of the following rules: two
colour leather production orders start and finish the cut-
ting process with a fine nappa leather hide or hide rem-
nant, and any shrink optimised leather hide is located
between the fine nappa leather within the cut sequence;
single colour leather production orders to be allowed to
be sequenced with shrink optimised hide leather colour
being matched between orders; the preferred leather col-
our and/or leather type of the following production order
within the cut sequence, and allow that where there is no
production order remaining available within the sub-set
that meets the cut sequence rule, the next order may be
selected from any of the remaining available production
orders; and whether is it permissible to upgrade the leath-
er type used to cut a piece pattern from a first hide type
to a higher quality hide type in order to increase the uti-
lised area of a hide, and assign an upgrade priority level
to identify piece patterns most preferred for leather type
upgrade.

[0030] By the term "model" in the foregoing it will be
appreciated that this means the general design of a prod-
uct model, for example, in the case of a vehicle, the ve-
hicle model, together with any model variants, such as
the number of seats, left or right hand drive, and optional
features, such as whether a vehicle is to have a sunroof
or sports trim, child seat fixings, etc.

[0031] According to a fifth embodiment of the invention
there is provided leather cutting apparatus arranged to:

(a) receive production schedule data comprising a
series of production orders, each order including
model and leather colour information and an identi-
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fier;

(b) build a parts list for each production order accord-
ing to model and leather colour, the parts list includ-
ing the piece pattern area for each part and the leath-
er colour of each part;

(c) select a sub-series of production orders from the
series of received orders;

(d) reorganize the selected production orders into a
cut sequence in which the maximum possible
number of orders including the same colour leather
are scheduled to be cut sequentially; and

(e) send the cut sequence of production orders to a
computer controlled leather cutting table for the or-
ders to be cut by the table in said cut sequence.

[0032] Preferably, the apparatus is arranged to in step
d) reorganize the selected production orders into a plu-
rality of cut sequences, each corresponding to a respec-
tive one of a plurality of cutting tables, the maximum pos-
sible number of orders including the same colour leather
being scheduled to be cut sequentially within each cut
sequence, and in step e) to send each cut sequence to
its respective cutting table.

[0033] Embodiments of the invention will now be de-
scribed in detail, by way of example only, with reference
to the accompanying drawings, in which:

Figure 1 is a schematic representation of a leather
cutting system according to a first embodiment of
the invention;

Figure 2 is a schematic representation of part of a
leather cutting system according to a second em-
bodiment of the invention;

Figure 3 is a block diagram illustrating the steps of
a method according to a third embodiment of the
invention for optimising hide usage in leather cutting
processes, shown in the context of a complete leath-
er cutting process; and

Figure 4 is a diagrammatic illustration of hide se-
quencing (a) obtained using prior art cutting accord-
ing to production list order, and (b) obtained using
the method of the present invention.

[0034] Referring to Figure 1, a first embodiment of the
invention provides a leather cutting system 10 comprising
seven computer numerical control (CNC) leather cutting
tables 12, first computer readable memory means in the
form of a first computer hard drive 14, second computer
readable memory means in the form of a second com-
puter hard drive 16, and a computer 18 comprising a third
hard drive 19 (shown in Figure 3) and a microprocessor
forming the sequencing engine 20.

[0035] The first computer hard drive 14 has a produc-
tion order database file stored therein, the database file
containing hide area, piece pattern template file names
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and locations, and a set of model specific cut sequence
rules for each of a plurality of models. The model specific
cut sequence rules are as follows:

1. two colour leather production orders start and fin-
ish the cutting process with a fine nappa leather hide
or hide remnant, and any shrink optimised leather
hide is located between the fine nappa leather within
the cut sequence;

2. single colour leather production orders to be al-
lowed to be sequenced with shrink optimised hide
leather colour being matched between orders;

3. the preferred leather colour and/or leather type of
the following production order within the cut se-
quence, and where there is no production order re-
maining available within the sub-set that meets the
cut sequence rule, the next order may be selected
from any of the remaining available production or-
ders;

4. whether is it permissible to upgrade the leather
type used to cut a piece pattern from a first hide type
to a higher quality hide type in order to increase the
utilised area of a hide, and assign an upgrade priority
level to identify piece patterns most preferred for
leather type upgrade.

[0036] The second computer hard drive 16 has a plu-
rality of piece pattern template files stored therein.
[0037] The third hard drive 19 has a set of general cut
sequence rules stored therein and computer readable
instructions stored therein for causing the microproces-
sor to operate as a sequencing engine to perform a meth-
od for optimising hide usage in leather cutting processes,
as will be described in detail below. The general cut se-
quence rules are as follows:

1. work orders must be sequenced so as to make
the largest estimated area of hide remnant available
from a first production order for use in cutting leather
ofthe same hide colour in the subsequent production
order, where the subsequent order includes the
same leather colour;

2. all orders must be scheduled;

3. where there is more than one production shift, the
cut sequence for the subsequent production shift
should follow on in colour from the cut sequence of
the preceding production shift;

4. where there is more than one production shift, the
colour sequence of the cut sequence should follow
on from the colour sequence of the cut sequence of
the previous production shift, and that the cut se-
quence should include as its last order the first order
for leather inspection for the subsequent production
shift (inspect only order); and

5. the leather colours of work in progress should be
matched to the leather colours of production orders
due to commence production during the following
shift.
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[0038] In this example, the production orders for one
working day, comprising two production shifts, are to be
scheduled according to the method to be described be-
low.

[0039] Each of the CNC cutting tables 12, hard drives,
14, 16 and the computer 18 are connected via commu-
nications adapters to alocal area network (LAN), to there-
by enable communication between the computer 18 and
each of the CNC cutting tables 12, the first hard drive 14,
and the second hard drive 16. The LAN connection also
enables the computer 18 to receive production schedule
data from a production orders database 22.

[0040] The system 10 also includes a report generator
engine 24, which in this example is implemented by the
microprocessor of the computer 18, and a fourth compu-
ter hard drive 26 having a report database file stored
therein. The fourth computer hard drive 26 is connected
via communications adapters to the LAN to enable it to
receive cutting data from each of the CNC cutting tables
12 and to forward the cutting data to the report generator
engine 24.

[0041] Figure 2 shows part of a leather cutting system
30 according to a second embodiment of the invention.
The leather cutting system 30 of this embodiment is gen-
erally the same as the system 10 of the first embodiment,
with the following modifications. The same reference
numbers are retained for corresponding features.
[0042] In this embodiment, the system 30 comprises
three different types of CNC cutting table 32, 34, 36, there
being three of the first type 32, three of the second type
34 and one of the third type 36. The different types are
different generations of the same CNC cutting table. The
system 30 further comprises three computers 38a, 38b,
38c which receive the cutting data from each of the sets
of CNC cutting tables 32, 34, 36. A database is provided
on each computer 38 for receiving and storing the cutting
data, for later forwarding to the report generator engine
24. The provision of three cutting data databases enables
a larger number of simultaneous operations to be proc-
essed by the databases.

[0043] Referring to Figure 3, a third embodiment of the
invention provides a method for optimising hide usage in
leather cutting processes, which will be described here
as a computer programme product comprising pro-
gramme code for performing the steps of the method
running on the computer 18 of the leather cutting system
10 of the first embodiment. The same reference numbers
are retained for corresponding features. The method is
described in the context of a complete leather cutting
process.

[0044] In this example, production orders are continu-
ously added to the production schedule, in the order that
they are received from customers. At the start of a work-
ing day comprising two production shifts, production
schedule data comprising the entire series of production
orders is received from the production orders database
22 by the computer 18. The orders are received as text
files by a shared file area within the computer 18. Each
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textfile comprises model, model version/variant, features
and colour options for that work order.

[0045] The shared area is watched by the computer
18 until a file is placed in it. The file is then collected by
a production order collector/decoder 40 and interrogated
to ensure that the file is of a recognised format, it is not
a duplicate of a previously received order text file, and it
is not an update of a previous order. The text files are
then decoded to obtain model, feature options, colour
options and work order identifier.

[0046] The data contained within the file is identified
by its position in the text string. Certain characters in cer-
tain positions will denote "Option X" and different char-
acters, or the absence of characters in that location will
denote "Option Y". The size of each data field and the
various forms of the data which can be received are pro-
vided within an Administration look-up table 42. The first
field in the file identifies the version of the file, this enables
new fields to be introduced in the text string to denote
new options as a product line matures.

[0047] The sequencing engine 20 then selects a sub-
set of the series of production orders, the sub-set con-
taining 50 production orders in this example, each pro-
duction shift being expected to inspect and cut 25 pro-
duction orders. The first 7 production orders are cut only
production orders that have already been inspected. A
further 7 inspect only production orders are added to the
end of the sub-set; these then become the cut only pro-
duction orders at the start of the next sub-set (for the next
working day).

[0048] The sub-set of production ordersis then passed
to the sequencing engine 20 of the computer. The se-
quencing engine 20 comprises a production order builder
20a and a production order sequencer 20b. The builder
20a builds a parts list for each order according to model,
feature options and leather colour options. A list of stand-
ard parts required for each model and model version is
stored in a model administration look-up table or data-
base 44. A list of parts for each optional feature (such as
left/right-hand drive, child seat fixings, sun roof, steering
wheel trim style) is stored in a feature administration look-
up table or database 46.

[0049] A list of colour options (primary and secondary
colour) and which colour group each part belongs to is
stored in a colour administration look-up table or data-
base 48. Certain areas of a vehicle interior may be colour
co-ordinated, or colour contrasted - according to the cus-
tomer's preference. Discrete areas may include a
number of individual parts that will always be included in
the same colour group. The colour of these groups of
parts will vary from one Colour Option to the next, either
according to a fixed Option Number, or, for certain parts,
by a specific customer choice. By organising the parts
into groups the colour options can be managed according
to interior feature sub-assembly (e.g. arm rest, steering
wheel, driver’s seat, etc.). This enables a direct link to be
formed between the colour options available to a cus-
tomer and the impact of that selection to a production cell.
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[0050] Each part within the parts list for each order is
given an identifier, information about how it is to be used
and model specific cut sequence rules is added to the
work order; the information is stored within a parts ad-
ministration look-up table or database 50. The following
information is provided for each part: unique part name
/version; piece pattern template location; grade of leather
(shrink optimised or fine nappa); whether itis permissible
to upgrade the leather to improve hide utilisation; the col-
our group the part belongs to; how many of each part is
required; how many symmetrically opposite parts are re-
quired; area of the part; applicability of the part to each
model version; applicability of the part to each feature
option; and nesting buffer size.

[0051] Once the partslist has been completed for each
work order, the builder 20a sends the orders to the se-
quencer 20b. The sequencer 20b then performs the fol-
lowing steps:

i. the part area is calculated for each leather colour
and leather type (for two colour work orders) or for
each leather type (for single colour work orders) for
each work order;

ii. the total part area of each leather type and/or col-
our is increased by a nesting buffer percentage to
provide a bulk area for each leather type and/or col-
our for each work order; and

iii. the bulk area for each leather type and/or colour
for each work order is divided by an average hide
size to provide the number of hides required of each
leather type and/or colour for each work order.

[0052] The sequencer 20b then schedules the produc-
tion orders to the cut sequence of each of the 7 cutting
tables 12 as follows:

i. the first cutting table is selected and the first pro-
duction order (i.e. the first cut only production order)
is scheduled to the table’s cut sequence;

ii. the next cutting table is then selected and the next
production order is scheduled to the table’s cut se-
quence;

iii. step ii. is repeated until all of the cut only produc-
tion orders have been scheduled to a cutting table
(the cut sequence of each cutting table therefore has
one cut only production order scheduled to it);

iv. the first cutting table is then selected and the re-
maining production orders (i.e. the inspect and cut
orders) within the sub-set are searched to find a pro-
duction order of the same leather colour as the pro-
duction order previously allocated to that table,
where a colour match is found the matching produc-
tion order is scheduled to the cut sequence of the
cutting table, where no match is found the sub-set
is searched to find a production order of the preferred
follow on leather colour, which is then scheduled to
the cut sequence, and where no preferred follow on
colour matched production order is found the next
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production order is scheduled to the cut sequence;
v. once the last cutting table has had an order sched-
uled to its cut sequence the scheduling of orders
recommences at the first cutting table and steps iv.
and v. are repeated until all of the cut and inspect
production orders have been scheduled; and

vi. the inspect only production orders are then sched-
uled following steps i. to iii until all of the inspect only
production orders have been scheduled.

[0053] Each cutting table 12 is allocated an operating
percentage indicating the percentage of its full capacity
that is available for cutting production orders; a percent-
age of the capacity of one or more tables may allocated
for cutting pieces from production orders in previous
shifts that require reworking or may be allocated for cut-
ting pieces for product development work. Each table is
also be allocated an operating efficiency indicating the
number of hides that can be cut by the table per shift.
The scheduling of production orders to the cutting table
cut sequences is controlled to ensure that substantially
the same number of leather hides are to be cut by each
cutting table 12, factored by the operating percentage
and operating efficiency of each cutting table. Operating
percentage and efficiency must be considered when pro-
ducing scheduling orders to the cut sequences so that
none of the CNC cutting tables 12 are overloaded with
orders within a given production shift.

[0054] The operating percentage of each CNC cutting
table 12 by production shift and the operating efficiency
of each cuttingtable 12 is stored in a tables administration
look-up table or database 52 within the hard drive 19 of
the computer 18.

[0055] The number of production orders within the sub-
set, i.e. the sequencing depth, must be controlled to en-
sure that all of the production orders due for assembly
(i.e. the assembly of the cut leather parts onto the re-
spective vehicle) during the next working day must be
cut by the end of the current working day, i.e. by the end
of the two production shifts. Setting the sequence depth
ensures that no production orders due to be cut during
the current working day, for assembly the following day,
are left to be cut during the next working day, deviation
from the production schedule (i.e. the series in which
orders are received from customers) is kept to a mini-
mum, and maximises opportunities to optimize hide
leather usage without compromising the overall function-
ing of the production facility within which the leather cut-
ting system is located.

[0056] Once the production orders have been sched-
uled to the cut sequences of the cutting tables, nesting
strategies are added to each order according to model,
feature and leather type. The nesting strategies are
stored in a strategy administration look-up table or data-
base 56 stored within the hard drive 19 of the computer
18.

[0057] A batch file generator 58 then retrieves the part
piece pattern template files from the second hard drive
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16 for each production order and adds them to the order.
The orders are now complete and the cut sequences are
sent to their respective cutting tables where the produc-
tion order files are opened and the CNC cutting tables
nest and cut the parts according to the instructions and
templates within each order.

[0058] The batch file generator 58 also creates check-
lists 60 for cutting table operators, which identify, for each
production order; hide requirements; hide inspection or-
der; and the nesting strategies.

[0059] Hides are inspected 62 and loaded 64 onto the
CNC cutting tables 12 in @ manner well known in the art,
according to the check lists created by the batch file gen-
erator. The CNC cutting tables 12 scan each hide, nest
parts into the hide area and cut the parts according to
processes well known in the art.

[0060] Each CNC cutting table 12 stores the following
information within an internal database: the size of each
hide cut; the colour of each hide cut; hide quality (meas-
ured for the second hide of the main leather colour of
each order); the size of remnant hides used for a subse-
quent order; piece pattern nesting strategies used; time
taken to scan each hide prior to cutting; time taken to
nest piece patterns to be cut from each hide; and total
time taken to cut piece patterns from each hide.

[0061] The databases on the CNC cutting machines
are interrogated by a report generator 24, to retrieve the
stored information. The information is received by the
report generator 24 at regularly spaced intervals during
each production shift. The report generator 24 analyses
the information received from the CNC cutting tables on
a weekly basis to obtain the following: average total hide
area used for each model; average amount of hide used
for re-cutting piece patterns for each production order;
total hide area used during a specified time period; var-
iation of hide quality across a specified time period (for
each hide colour and for each supplier); variation in the
number of hides used of a specified colour across a spec-
ified time period; variation in hide size across a specified
time period (for each hide colour and for each supplier);
and average nesting efficiency.

[0062] The hide size and average nesting efficiency
information is required in order to accurately estimate the
hide requirements for cutting orders. This information is
stored within a production statistics look-up table or da-
tabase 66 and is provided to the sequencer 20b during
sequencing of production orders in subsequent subsets.
[0063] The total hide area used for each production
order is also calculated for each leather type and/or col-
our, thereby enabling a hide utilisation report 68 to be
produced detailing the leather cost for each vehicle (work
order), with cost breakdowns for optional features and
colour options.

[0064] In an alternative arrangement, the scheduler
20b schedules the production orders to the cut sequenc-
es of the cutting tables 12 as follows:

1. the first production order (i.e. the first cut only pro-
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duction order) in the sub-set is selected and sched-
uled to the cut sequence of the first cutting table;

2. the next production order is selected and sched-
uled to the cut sequence of the next cutting table;
3. step 2. is repeated until each cutting table has had
a cut only production order scheduled to it (so all the
cut only production orders have been scheduled);
4. the next production order (i.e. the first inspect and
cut production order) is selected and a search of the
last production order (i.e. the cut only production or-
der) allocated to the cut sequence of each cutting
table is performed to find a production order of the
same colour of leather, where a colour matchis found
the production order is scheduled to that cut se-
quence and where no colour match is found step 4.
is recommenced;

5. step 4. is repeated until all of the cut and inspect
production orders in the sub-set have been consid-
ered, then the remaining unscheduled production or-
ders in the sub-set are scheduled according to the
scheduling steps iv and v above; and

6. the inspect only production orders are then sched-
uled following steps 1. to 3. until all of the inspect
only production orders have been scheduled.

[0065] Figure 4a provides an illustration of hide se-
quencing obtained using a prior art method of cutting
production orders in which orders are cut in the sequence
they are added to the production schedule, and Figure
4b shows an example hide sequence obtained using the
above described method. As can be seen in Figure 4a,
cutting hides in the order in which production orders are
received by a production facility results in significant ar-
eas of hides being wasted, since an exact number of full
hides is rarely required in order to cut a single work order.
Due to the colour batch limitations of leather hides, leath-
er from a hide used to cut a first order cannot be trans-
ferred to cut parts for a second work order since the trans-
ferred hide may not be from the same colour batch as
the other hides used to cut the same colour in the second
work order.

[0066] As shown in Figure 4b, reorganizing the select-
ed production orders into a cut sequence in which the
maximum possible number of orders including the same
colour leather are scheduled to be cut sequentially as
performed by the above method reduces the amount of
hide wastage since remnant hides can now be trans-
ferred from a first production order to a subsequent order.
[0067] Various modifications may be made to the de-
scribed embodiments without departing from the scope
of the invention. For example, the leather cutting system
may comprise a different number of CNC cutting tables
to that described. Where the various databases are de-
scribed as being embodied within different hard drives,
it will be appreciated that the hard drives may be located
within a single computer or the databases may alterna-
tively be provided within a single hard drive.

[0068] The described methods may alternatively be
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used just to schedule cut and inspect production orders.
The sub-set of production orders may comprise a differ-
ent number of production orders to that described (which
will at least in part depend upon the number of CNC cut-
ting tables available) and may cover a different number
of production shifts. Instead of cutting one day ahead of
the production schedule (i.e. cutting the production or-
ders the day before the orders are due to be assembled),
the method may applied to cut orders two or more days
ahead of the production schedule (i.e. cutting the pro-
duction orders two or more days before the orders are
due to be assembled), thereby providing a production
facility with one or more days buffer of cut parts.

[0069] It will be appreciated that although the leather
cutting system and method are described in relation to a
vehicle production process, the system and method may
also be used for cutting leather in many different produc-
tion processes, including for example, aircraft interiors
and furniture.

Claims

1. A method for optimizing hide usage in leather cutting
processes, the method comprising the steps of:

i. receiving production schedule data comprising
a series of production orders, each order includ-
ing model and leather colour information and an
identifier;

ii. building a parts list for each production order
according to model and leather colour, the parts
listincluding the piece pattern area for each part
and the leather colour of each part;

iii. selecting a sub-series of production orders
from the series of received orders;

iv. reorganizing the selected production orders
into a cut sequence in which the maximum pos-
sible number of orders including the same colour
leather are scheduled to be cut sequentially; and
v. sending the cut sequence of production orders
to a computer controlled leather cutting table for
the orders to be cut by the table in said cut se-
quence.

2. A method as claimed in claim 1, wherein in step d)
the selected production orders are reorganized into
a plurality of cut sequences, each corresponding to
a respective one of a plurality of cutting tables, the
maximum possible number of orders including the
same colour leather being scheduled to be cut se-
quentially within each cut sequence, and in step e)
each cut sequence is sent to its respective cutting
table.

3. A method as claimedin claims 1 or 2, wherein in step
a) each production order comprises a main leather
colour and a secondary leather colour.

10

15

20

25

30

35

40

45

50

55

4. A method as claimed in claims 2 or 3, wherein the
selected production orders are reorganized into the
plurality of cut sequences by the following steps:

i. selecting the first cutting table and scheduling
a production order to the table’s cut sequence;
ii. selecting the next cutting table and scheduling
a production order to the table’s cut sequence;
and

iii. repeating step ii. until all of the production
orders in the sub-set have been scheduled to a
cutting table,

where the number of production orders in the sub-
set is greater than the number of tables, once the
last cutting table has had a production order sched-
uled to it the scheduling of orders to the cutting tables
recommences at the first cutting table and for each
cutting table the remaining production orders within
the sub-set are searched to find a production order
of the same leather colour as the production order
previously scheduled to that table, where a colour
matched production order is found it is scheduled to
the cut sequence.

5. Amethod as claimed in claim 4, wherein each cutting
table is allocated an operating percentage indicating
the percentage of its full capacity that is available for
cutting production orders and an operating efficiency
indicating the number of hides that can be cut by the
table in a given time period, the scheduling of pro-
duction orders to the cutting table cut sequences be-
ing controlled to ensure that substantially the same
number of leather hides are to be cut by each cutting
table, factored by the operating percentage and op-
erating efficiency of each cutting table.

6. A method as claimed in claims 2 or 3, wherein the
selected production orders are reorganized into the
plurality of cut sequences by the following steps:

1. selecting the first production order in the sub-
set and scheduling it to the cut sequence of the
first cutting table;

2. selecting the next production order and
scheduling it to the cut sequence of the next cut-
ting table;

3. repeating step 2. until each cutting table has
had a production order scheduled to it; and

4. where the number of production orders in the
sub-set is greater than the number of cutting ta-
bles,

5. selecting the next production order and
searching the last production order allocated to
the cut sequence of each cutting table to find a
production order of the same colour of leather,
where a colour match is found scheduling the
production order to that cut sequence and where
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no colour match is found restarting step 4.; and
6. repeating step 4. until all of the production
orders in the sub-set have been considered,
then scheduling the remaining unscheduled pro-
duction orders in the sub-set according to the
scheduling steps of paragraphs 7 and 8 above.

A method as claimed in claim 6, wherein the produc-
tion orders are searched by main leather colour or
by secondary leather colour.

A method as claimedin any preceding claim, wherein
the series of production orders comprises a leading
group of cut only productions orders followed by a
main group of cut and inspect production orders, the
sub-set being selected to include all of the cut only
production orders followed by a first part in series of
the cut and inspect production orders.

A method as claimed in any of claims 4 to 8, wherein
a number of inspect only production orders are add-
ed to the end of the sub-set of production orders, the
inspect only production orders being scheduled to
cutting table cut sequences according to steps i to
i of claim 4 only after the last cut and inspect pro-
duction order has been scheduled.

A method as claimed in claims 8 or 9, wherein the
number of cut only production orders plus cut and
inspect production orders is equal to the number of
production orders thatcan be cutby the cutting tables
within a production shift or within a group of two or
more consecutive production shifts.

Amethod as claimedin claim 10, wherein the number
of cut only production orders is equal to the number
of inspect only production orders processed by the
previous production shift or group of shifts.

Amethod as claimed in any preceding claim, wherein
in step b), the parts list further comprises hide type
information for each part.

A method as claimed in claim 12, wherein each pro-
duction order comprises up to two hide types: shrink
optimised leather and/or fine nappa leather.

A method as claimed in claims 12 or 13, wherein
step b) further comprises:

calculating the part area for each leather colour
and leather type for each production order; in-
creasing the total part area of each leather type
and colour by a nesting buffer percentage to pro-
vide a bulk area for each leather type and colour
for each production order; and dividing the bulk
area for each leather type and colour for each
production order by an average hide size to pro-
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vide the number of hides required of each leath-
er type and colour for each order.

A method as claimed in claims 13 or 14, wherein
step b) further comprises retrieving one or more of
the following cut sequence rules for each production
order according to model and adding that information
to the respective order:

two colour leather production orders start and
finish the cutting process with a fine nappa leath-
er hide or hide remnant, and any shrink opti-
mised leather hide is located between the fine
nappa leather within the cut sequence; single
colour leather production orders to be allowed
to be sequenced with shrink optimised hide
leather colour being matched between orders;
the preferred leather colour and/or leather type
of the following production order within the cut
sequence, and allow that where there is no pro-
duction order remaining available within the sub-
set that meets the cut sequence rule, the next
order may be selected from any of the remaining
available production orders; and whether is it
permissible to upgrade the leather type used to
cut a piece pattern from a first hide type to a
higher quality hide type in order to increase the
utilised area of a hide, and assign an upgrade
priority level to identify piece patterns most pre-
ferred for leather type upgrade.

Amethod as claimedin any preceding claim, wherein
the method additionally comprises retrieving the
piece pattern template for each part within a produc-
tion order according to model and adding that infor-
mation to the respective order, the piece pattern tem-
plates being retrieved for each production order ac-
cording to model in step b), or after step c) or step
d) and thatinformation added to the respective order.

Amethod as claimedin any preceding claim, wherein
step e) further comprises compiling and printing a
summary of the work orders for the or each cutting
table, for use by leatherinspectors and/or as a check-
list for cutting table operators.

Amethod as claimedin any preceding claim, wherein
the method further comprises the following further
step:

i. receiving completed hide cutting information
from the or each cutting table, the information
including one or more of: the size of each hide
cut; the colour of each hide cut; hide quality; the
size of remnant hides used for a subsequent
work order; piece pattern nesting strategies
used; time taken to scan each hide prior to cut-
ting; time taken to nest piece patterns to be cut
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from each hide; and total time taken to cut piece
patterns from each hide.

A method as claimed in claim 18, wherein the hide
quality information is provided for the second hide
of the main leather colour of each production order.

A method as claimed in claims 18 or 19, wherein the
method further comprises the following further step:

i. analysing the information received in step f) to
obtain one or more of the following: average total
hide area used for each model; average amount
of hide used for re-cutting piece patterns for
each production order; total hide area used dur-
ing a specified time period; variation of hide qual-
ity across a specified time period; variation in
the number of hides used of a specified colour
across a specified time period; variation in hide
size across a specified time period.

A computer programme product comprising pro-
gramme code for performing the steps of the method
as claimed in any preceding claim.

An article of manufacture with a computer useable
medium having computer readable instructions em-
bodied therein for providing access to resources
available on that computer, the computer readable
instructions comprising instructions to cause the
computer to perform the steps of the method as
claimed in any preceding claim.

A leather cutting system comprising:

a computer controlled leather cutting table;
first computer readable memory means having
a production order database file embodied
therein, the database file containing part infor-
mation for each part for a plurality of models;
second computer readable memory means hav-
ing a plurality of piece pattern template files em-
bodied therein;

characterised by:

the part information for each part including the
piece pattern area, leather colour, piece pattern
template file name and location, and any model
specific cut order sequencing rules; and

the system further comprising a computer com-
prising a computer readable memory means
and a sequencing engine, and computer read-
able instructions to cause the sequencing en-
gine to perform the method as claimed in any of
claims 1 to 20 being embodied within the mem-
ory means, and the computer being communi-
catively connected to the computer controlled
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cutting table, the first computer readable mem-
ory means, and the second computer readable
memory means.

24. A leather cutting system as claimed in claim 23,

wherein the leather cutting system comprises a plu-
rality of computer controlled cutting tables, each be-
ing communicatively connected to the computer.

25. Leather cutting apparatus arranged to:

i. receive production schedule data comprising
a series of production orders, each order includ-
ing model and leather colour information and an
identifier;

ii. build a parts list for each production order ac-
cording to model and leather colour, the parts
listincluding the piece pattern area for each part
and the leather colour of each part;

iii. select a sub-series of production orders from
the series of received orders;

iv. reorganize the selected production orders in-
to a cut sequence in which the maximum possi-
ble number of orders including the same colour
leather are scheduled to be cut sequentially; and
v. send the cut sequence of production orders
to a computer controlled leather cutting table for
the orders to be cut by the table in said cut se-
quence.

26. Leather cutting apparatus as claimed in claim 25,

wherein the apparatus is arranged to in step d) re-
organize the selected production orders into a plu-
rality of cut sequences, each corresponding to a re-
spective one of a plurality of cutting tables, the max-
imum possible number of orders including the same
colour leather being scheduled to be cut sequentially
within each cut sequence, and in step e) to send
each cut sequence to its respective cutting table.
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