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Nesting is a problem of interest to most of the stamping industries. It deals with selection of
optimum arrangements of ordered pieces onto the stock sheet so as to minimise wastage while
adhering to all manufacturing constraints.

Technically speaking, it is a hard problem. Researchers, therefore, prefer clustering ordered
pieces into smaller rectangle modules (clustering phase) and then packing these rectangles onto
stock sheet rather than trying laying out ordered pieces directly onto the stock sheets (rectangle
packing phase). A common practice to avoid this tedious and heavy on computing resources
phase is to match a shape with maintained database of commonly used shapes. The idea is to
make use of various clustering options associated with the shape (with it self and other ordered
shapes) without working out these again.
BACKGROUND

a) Problem of Nesting defined: Due to high cost, any wastage of material during manufacture
is intolerable. Knowledge about physical phenomena, together with the appropriate selection
and pursuit of objectives through organised activity, has enabled human beings to satisfy their
wants more fully and continually to improve the general standard of living. In the same
context, a problem of interest to some industries is of optimum two-dimensional layouts
categorised as Nesting.

The problem of nesting is to select the optimum arrangement for a combination of two-
dimensional (regular / irregular) shapes onto the larger raw stock of rectangular sheets, so
as to minimize material wastage while taking into consideration the various practical
constraints like raw material used, design requirements, number of part shapes required,
manufacturing constraints etc., without trying exhaustively all possible arrangements.

The broad applications in the industry, range from the nesting of steel plates in ship building,
sheet metal industries, e.g., in automobiles and packaging industries, etc., boards in furniture
building, placement of sewing patterns on cloth roll material in textile and leather industries.
Figures 1, 2 and 3 present three different instances of the Nesting Problem. Figure 1 depicts
the leather gloves (irregular geometrical shape) to be cut from irregular shaped leather stock
piece. Figure 2 describes rectangular shapes (regular geometrical shape) to be cut from
rectangular stock sheet. Figure 3 presents irregular shapes to be cut from a rectangular stock
sheet.

b) Nature of the Nesting problem: Nesting is a problem without having clear mathematical
descriptors for the process where infinite solutions exist for most of the problems. Optimum
layout has some similarity with the problem of jigsaw puzzle assembly; however, in its
critical aspects it is in fact very different, since no unique, tightly fitting solution can
normally be expected. Time needed to find the cutting pattern with the least amount of
stock sheet waste, increases exponentially with the number of different shapes used in the
problem. This phenomenon is commonly known as the combinatorial explosion.
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Unfortunately, there are a few, real life problems, for which a solution can be found when all
possible alternatives are tried. Hence no one would seriously argue with the desirability of
finding the optimal solutions to an important problem provided it could be obtained in a
reasonable effort and period of time.

Figure 1: Irregular shapes and irregular stock sheet

Figure 2: Regular shapes and regular stock sheet
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Figure 3: Irregular shapes and regular stock sheet

c) Commonly used solution approaches for Nesting:
I. Rectangle Packing Approach: Most of the packages available for automatic nesting

make use of heuristic approaches implemented through some programming languages
and CAD packages. The basic strategy used in these methods is to make use of well
established rectangular packing algorithm [1, 2], where rectangles containing best
packed pair of irregular shapes are laid optimally. This is the approach widely preferred
in ship building industry.

Illustration In Patent-ship [1] package, pairing of identical shapes has been stressed
as it may be very efficient way of arranging ship/offshore structural parts (because
most of the marine vehicles/structures are symmetrical about the centre-line and
their structural parts always come in pairs). In package, information such as slope,
length, change of direction from one edge to another, area and other simple
properties are used to classify the shape. The classification is a generalisation of
more commonly used ship structural plates. Hence shapes are classified as:
 floors
 brackets-rectangular
 brackets-trapezoidal
 brackets-triangular etc.,

The best arrangements for each of the known classes of shape are predefined as
shown in Figure 4. Clever adjustments in rectangular packing algorithm, by
maintaining databases of shapes and their clustering options and data related to shift-
in of rectangles (which are the function of shapes enclosed in these) during rectangle
packing results in economical nesting solutions.

II. Direct Approach: To achieve better results irregular shapes can be packed
directly, which is of course a very slow process and recommended only when
small numbers of shapes have to be nested. For example, in garment industry,
where on a small cloth piece, few sewing patterns have to be laid. However,
because of the complex nature of the problem, there appears to be a lack of
generic commercial automatic nesting programs as per all real industrial
requirements. As the shapes used by an industry are specific, nesting skills,
have been the domain of experienced craftsmen.
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Figure 4: Best Arrangements for some of the known classes of shapes (ship structural plates) used
in Ship Industry

Figure 5: An instance of database of one among many types of garments being stitched by a tailor
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Illustration [Garment Industry] The important features of garment industry are:
 Width of the cloth is standard
 All pieces are placed length-wise and all cuts are made along the width
 For most of the dresses, the number of items as collars, fronts, backs, belts,

pockets, flaps, etc., remains same.

A tailor has a small database for various garments he stitches, e.g., a baby suit.
They match the requirements of customer by correlating the shapes with
original ones in their drawing book (collars: round or sharp-edged, arms: with
arc cut or simple, etc.,). A snapshot of the database maintained by a tailor has
been illustrated in Figure 5.

PROBLEM DEFINED

A matter of principal concern that is rapidly evolving in the present day business environment is
highly competitive customer oriented market. Choosy customers, due to their immutable lust for
new-fashioned models, extend pressure on tight manufacturing plan. Nesting process is highly
complex in terms of time it takes to process a shape (finding rectangular encases (clustering phase)
that cage clustering options for shapes ordered and then laying rectangles (rectangle packing
phase) onto the stock sheet). Even small changes in shapes force to consider these from scratch.
It falls seriously on computing resources and slows down tight production schedules.

The overall production scenario is to inculcate specific requirements of a customer and
various aspects of engineering design and development activities with the objective to
enhance the overall productivity while observing high quality standards. The solution
suggested in literature lies in treating shapes (considered for nesting) by a pre-processor.

Primarily, pre-processors in nesting packages perform two functions:

1) Sequencing the shape: The basic steps involved are:
a. The elements of the engineering drawing which is drawn randomly with

the help of basic entities of some CAD Package (like circle, line, arc,
etc.,) are sequenced by reading the DXF format of these shapes.

b. Drawing is then transformed into logical data structure that is suitable for
use by the program. Generally it is approximated as similar looking
polygon.

c. The output of this stage is the data templates that describe the shape and
their associated properties. Refer to the Figure 6.

2) Identifying the shape: Depending upon the shapes, these are classified into
predefined categories, so as to have advantage of performing clustering patterns that
are already known because of experience.

The filters used in the packages like [1, 2] are too rigid to accommodate the small changes in
basic shape. A simple illustration in Figure 7 shows the different variations of a shape that
otherwise have same type of orientation for pair wise clustering.

To identify a shape, its feature has to be extracted using some technique. As an illustration,
rules to classify a floor, as shown in Figure - 6, a part should have:
 two segments and one arc or curve segment
 its straight segments are at right angle to each other
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Figure 6: An actual ship plate and the important extracted features of it

Three different shapes

Figure 7: Different variations of shapes but has similar pair-wise clustering options

Today, advances in information technology is playing a vital role in the automation of design and
manufacturing activities of engineering process. Popular techniques, those have recently
originated and are intensively explored for features extraction, now days are:

 Image processing: It makes use of special hardware (Digital monitors, digital cameras) and
sophisticated pattern recognition software. Right now, being costly and limited support from
hardware vendors, has been keeping this technique, away from reach, of researchers
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 CAD packages: AutoCAD 2000 and many other packages can extract features, by
identifying, the basic entities of a drawing and processing the information with specially
designed software routines. Developing such routines require intensive programming.

 Neural Network models: It is only recently that computer science has started borrowing
from the study of nervous system to produce algorithms mimicking human intelligence.
Computers are trained to recognise shapes using learning algorithms.

METHODOLOGY

The decisive factors used for modelling the pre-processing filter are dependent upon: -
b) The shapes handled so far by the nesting software,
c) Tolerance of missing features in the new shape to be considered,
d) Level of accuracy possible and increasingly the ability to handle large volumes of shapes.
e) Also, transparency of the underlining approach used for developing intelligent filter

(software should veil all intricacies of the underlying technique),

Predictive (Supervised Learning Technique) modelling is considered for modelling the filter.
More precisely, it is the classification technique associated with the predictive modelling
using specialisation neural induction.

The predictive technique is similar to the human learning experience in using observations to
form a model of the important characteristics of some phenomenon. This approach uses
generalisations of the ‘real world’ and the ability to fit new data into a general framework.
Predictive modelling can be used to analyze an existing database of shapes that are frequently
used by an industrial house so as to determine some essential characteristics (model) about
the data set.

The model is developed using a supervised learning approach, which has two phases:
training and testing. Training builds a model using a large sample of historical data called a
training set, of shapes that were predominantly manufactured by the industrial house, while
testing involves trying out the model on new, previously unseen data, that is, new shape
considered for manufacturing purposes, to determine its resemblance with existing shapes on
physical features. A predictive model suggests that the classification of the shapes is of
interest so as to identify trends and patterns among shapes commonly in use in the industry.

Specifically in the nearest neighbour classification method: -
 Create a classification table containing all shapes whose classification is known.
 For each new shape we wish to classify:

o Compute a score representing the similarity of each table item to the new
shape.

o Give the new shape the same classification as the table item to which it is
more similar.

o Add the newly classified shape to the table of known instances.

MODEL USED FOR EXPERIMENTATION

A neural network is used to correlate a new shape in the induction-based learning process which
is modelled by observing specific features of shapes, classifying those into different table entries
using nearest neighbour classification. This typical network contains collections of connected
nodes with input, output and processing at each node. Between the visible input and output layers
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may be a number of hidden processing layers. Each processing unit in one layer is connected to
each processing unit in the next layer by a weighted value, expressing the strength of relationship.
The network attempts to mirror the way the human brain works in recognising patterns by
arithmetically combining all the variables associated with a given data point. In this way, it is
possible to develop non-linear predictive models that ‘learn’ by studying combinations of
variables and how different combinations of variables affect different data set.

Figure 8: An Artificial Neural Network Model

EXPERIMENTATION
 Since a lot of distortion was expected in the shapes, it constituted a linearly inseparable

problem.
 As we can expect any type of shape to be input to the system. Therefore, a multi- layer

neural net was chosen.
 The net was a feed-forward type using back propagation as the learning algorithm.
 The net was implemented by implementing a neurode and then constructing the layers

and the net using the neurodes.
 The number of layers was kept constant during experimentation-3 i.e. an input layer, an

output layer and a hidden layer. However freedom was there to put any number of layers.
 The training was done to provide the training data to the net. The input to the net was

provided in an 8 x 8 grid. Each cell of the grid stored a floating-point value. The idea
behind this was that the shape to be recognised is divided into an 8 x 8 grid. The value of
each cell of the grid gives the percentage of the cell that is covered by the shape. This
value can vary between a minimum of 0.00 to a maximum of 1.00. 0.00 indicates that
the cell is completely empty and 1.00 indicates that it is completely covered.

 The test data was the one, which was used for actual testing and functioning of the net. It
contained data in the same format as the training data except for one essential difference:
The test data did not contain the desired output of the net for a given input pattern.

 Initially, the weights data was null.
 After the specification the net parameters, and the program knows exactly the number of

connections and therefore the number of weights required in the net.
 The program then generated a random weight value for each connection. Thus the initial

weight values were random numbers between -1 and +1. As the net was trained, these
values changed to yield the appropriate values.

 The net had two modes, the training mode and the test mode. As was obvious from their
names, the format was used to train the net while the latter was used to test the net with
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the actual pattern as would be in the industry. The test mode was the one in which the net
would actually prove its value.

 In the training mode, the net displays the error of each of the output neurones, the error of
the net as a whole and the number of cycles already completed, at the end of each cycle.

 The terminating conditions for training the net were:
1. The value of the error of the net falls below a user defined limit.
2. The number of cycles exceeds the maximum number allowed.
The first condition signified the successful training of the net while the second was a
precaution so that the net did not start infinite looping.

Here, important assumptions have been made regarding the shape to be considered by
the filter. These are:
 Orientation of the shape is fixed. This orientation basically gives the smallest

enclosing rectangle obtained by aligning the sides of the shape with x-axis or y-axis.
 A standard shape may be available in different proportions for different fittings, but

these are considered to be as same by the filter. The shapes are first scaled down/up
to a standard window and then mapped to an 8X8 grid.

A simple case has been considered here to demonstrate the working of new filter based
on Artificial Neural Network approach while using Back Propagation Network Model.
The typical shapes considered are categorised as L and J shaped as shown in Figure 10.
L shapes (Figure B, C, D, E, F) have in particular, proportionate longer base in
comparison to stem, where as in J shapes (Figure A, G) the base is smaller than stem.
The functioning of the filter is as:

Figure 10: L shapes (B, C, D, E and F) and J shapes (A, G)

The CAD drawings are streamlined into data templates, i.e., approximated to similar
looking polygon, using some techniques [2], as discussed earlier in this section. The
polygons formed are mapped to the 08X08 matrix of weights. Bigger dimension
matrices, if considered, will add to number of cells in input layer. For an example, the
input data for the shape B in Figure - 10 is as:
1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0
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1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0
1.0 1.0 1.0 0.5 0.0 0.0 0.0 0.0
1.0 1.0 1.0 1.0 0.5 0.0 0.0 0.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

All the shapes are expressed in terms of weights (which are real numbers). Value 1.0
means fully covered pixel grid, 0.0 means totally uncovered, 0.5 means almost half
covered, 0.8 means almost 3/4th covered and 0.3 means 1/3rd covered. The network is
tuned for the given shapes while taking weights, 0 for L shapes and 1 for J shapes, in the
output layer. The test data, as given below, for a figure, as shown in Figure - 10 (A), that
falls in L shape category was fed, which has been recognised as L shape.

The test data for the shape A in Figure 10 is as:
1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0
1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0
1.0 1.0 1.0 0.5 0.0 0.0 0.0 0.0
1.0 1.0 1.0 1.0 0.5 0.0 0.0 0.0
1.0 1.0 1.0 1.0 1.0 1.0 0.0 0.0
1.0 1.0 1.0 1.0 1.0 1.0 0.0 0.0
1.0 1.0 1.0 1.0 1.0 1.0 0.0 0.0
1.0 1.0 1.0 1.0 1.0 1.0 0.0 0.0

The output obtained was [0.036557, 0.009917, 0.007032]  [0, 0, 0], the desired result.
ISSUES RELATED WITH THE DESIGN OF FILTER

 Training data:
From the available training data, a small subset is often all that what we need to train a
network successfully. The remaining data can be used to test the network to verify that
the network can perform the desired mapping on input vectors, it has never encountered
during training. It has to be ensured that the training data cover the entire expected input
space, and, during the training process for faster convergence, it is recommended to select
training-vectors randomly from the set.

 Network sizing:
The size of the input layer and output layer is usually dictated by the nature of the
application. Determining the number of units to use in the hidden layer is not
straightforward. The rule of thumb is to use as few hidden layers units as possible,
because each unit adds to the load on CPU during simulations. As per the guidelines [4],
it is recommended that for networks of reasonable size (hundreds/ thousands) of inputs,
the size of the hidden layer needs to be only a relatively small fraction of that of the input
layer. If the network fails to converge to a solution, it may be that more hidden nodes are
required. It is possible to remove the hidden units that are superfluous by examining the
weights, which change very little from their starting values on periodic examination of
these nodes during the training process.

 Learning rate:
Selection of a value for the learning rate parameter  has a significant effect on network
performance. Usually  must be a small value (of the order of 0.05 - 0.25), to ensure that
network will settle to a solution. Small value of  means large iterations have to be made
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by the network, but that is the price to be paid. Once the error reaches a minimum, faster
convergence can be achieved by increasing the size of .

 Enhancement of back propagation algorithm:
It is must to alleviate the following problems:
 Like other neural networks, there is a strong possibility that the solution found with

back propagation is not a global error minimum, but a local one. A little shake to
weights by some means is required to get out of the local minimum and possibly
arrive at a lower minimum.

 The second problem with back propagation is speed. The algorithm is very slow at
learning. There are many proposals for speeding up. Most frequently used is using
parallel processing hardware for simulation. There are few other parameters which
can accelerate training rate. A simple change to the training law that sometimes
result in much faster training is the addition of a momentum term. The training law
for back propagation is implemented in the simulator is:

weight change = β * output_error *input

Adding a momentum term to the weight change equation as:
weight change = β* output_error *input + α* previus_weight_change

The weight change, in the absence of error, would be a constant multiple by the previous
weight change. In other words, the weight change continues it the direction it was
heading. The momentum term is an attempt to try to keep the weight change process
moving, and thereby not get stuck in local minimums.

 Another approach to breaking out of local minima as well as to enhance
generalisation ability is to introduce some noise in the inputs during training. A
random number is added to each component of the input vector as it is applied to the
network. This is scaled by an overall noise factor, which has a 0 to 1 range. 0
indicates absence of noise factor. Once close to a solution, and have reached a
satisfactory minimum, it is not required that noise at that time to interfere with
convergence to the minimum, hence noise factor should tend to zero with the number
of cycles.

 To speed up the overall process of learning, it is often useful in long simulations to be
able to start form a known point, which is from an already saved set of weights. It
also provides breaks in long simulations, changing parameters by looking at results.

CASE STUDY

Performance analysis of a shape filter trained to identified regular triangular shapes and
tested for identifying original parts that are alike triangles

Motivated with the idea, a case has been considered in which various types of regular
triangles have been considered as shown in Figure 11. Geometrically, many clustering
patterns of these shapes can be identified as a few of these have been listed in Figure 12.
The ANN has been trained by feeding samples of triangles as per the procedure explained
in section 5. The training data is shown as in Figure - 13. The error/tolerance factor fed
was 0.02. This means that 0.00dddd is treated as zero and 0.99dddd is treated as 1.
Basically this is an error tolerance while recognising any shape. The net was trained used
back propagation algorithm in several runs consisting up of 5000 cycles each. The
weights data of each run was updated every time when net was trained. So as to test the
net for unknown shapes, a test data of five figures was prepared. These shapes are
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similar to real industrial shapes for which nesting is often done. Outputs (observed/
expected) have been summarised in the following table.

Figure 11: Various types of triangles

Figure 12: Pair-wise clustering of various types of triangles and4-level clustering of various types
of triangles

# Observed Output Expected Output Nature of triangle Identified
1 0.999783 0.775481 1 0 Isosceles X
2 0.000536 0.999633 0 1 Right 
3 1.000000 0.998919 1 1 Scalene 
4 0.99580 0.450425 0 0 Equilateral X
5 0.999993 0.001585 1 0 Isosceles 

The net worked good for test figure 2, 3 and 5. Anomalies have been found for test figures 1 and
4.

Results and Conclusions
The advantages offered by pre-processing shapes using neural networks are:
 Figure 5 has been identified correctly. Previous stored information on the basis of experience

suggests that rather than going for pair-wise clustering, multilevel clustering is preferred
(packing 4 at a time) in rectangular enclosures before going for rectangular packing

 Figure 2 has been identified correctly. Previous stored information on the basis of experience
suggests that shapes are not tilted while finding minimum rectangular enclosure. Pair-wise
clustering is possible. The original shape is paired along with itself by giving rotation to
second shape by 180  . The additional benefit of sliding in rectangles during rectangular
packing is not possible.
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 Figure 3 has been identified correctly. Previous stored information on the basis of experience
suggests that shapes are tilted while finding minimum rectangular enclosure. Pair-wise
clustering is possible. The original shape is paired along with itself by giving rotation to
second shape by 180 . The additional benefit of sliding in rectangles can further result in
better sheet utilization, during rectangular packing.

Figure 13: Training data (Standard Geometrical Triangles: Equilateral Triangle (1), Isosceles
Triangle (7), Right Angled Triangle (8), and Scalene Triangles (27)

Figure 14: Test Data (Actual shapes used in Industry)
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 Test figures 1 and 4 have not been recognised correctly. Figure 1 was treated as equilateral,
but figure 4 is treated as isosceles (with more error). The reason attributed for this anomaly is
that net has been trained for basic geometric figures. Since the net is sensitive to
classification entries and underlining table entries for regular triangles are overlapping hence
every possibility is there to expect such anomalies. Now the objective was whether filter can
be made adaptive by training it further by incorporating the test shapes into training set. On
training it again, it was found that filter has adapted to changes and it was responding now
correctly.

# Observed Output Expected Output Nature of triangle Identified
1 0.980232 0.005890 1 0 Isosceles 

4 0.059913 0.018300 0 0 Equilateral 

CONCLUSIONS
A database regarding clustering of shapes can be maintained and accordingly updated on the
addition of new shapes. A pre-processor can be used effectively to correlate a new shape to the
existing ones by observing specific features of shapes in the induction-based learning process.
The database can be mined to classify the new shape to those into different table entries using
nearest neighbour classification used for pattern matching. Thus, such a flexible and adaptive
filter (shape processor), based on ANN approach can save tremendous computing resources that
are otherwise required to find pair-wise/ multi-level clustering options for a shape with it self and
other shapes followed by rectangular packing. It has been observed that the success factor of
these filters lies in correct classification of shapes and its training. Also, its adaptability to
include new shapes into classification table is commendable.
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