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SYSTEM AND METHOD FOR SORTING SCRAP MATERIALS

CROSS-REFERENCE TO RELATED APPLICATIONS

10001} This application claims the benefit of U.S. provisional application Serial No.
62/4°77,589 filed March 28, 2017, the disclosure of which 1s hereby incorporated 1n its entirety by

reference herein.

TECHNICAL FIELD

[0002] Various embodiments relate to a system and method for sorting scrap materials,

including scrap materials containing metal, 1n a line operation.

BACKGROUND

]0003] Scrap metals are currently sorted at high speed or high volume using a conveyor belt
or other line operations using a variety of techniques including: hand sorting by a line operator, air
sorting, vibratory sorting, magnetic sorting, spectroscopic sorting, and the like. The scrap materials
are typically shredded before sorting and require sorting to facilitate separation and reuse of
materials in the scrap, for example, by sorting based on classification or type of material. By sorting,
the scrap materials may be reused i1nstead of going to a landfill or incinerator. Additionally, use of
sorted scrap material utilizes less energy and 1s more environmentally beneficial in comparison to
refining virgin feedstock from ore or manufacturing plastic from oil. Sorted scrap materials may be
used 1n place of virgin feedstock by manufacturers if the quality of the sorted material meets a
specified standard. The scrap materials may be classified as metals, plastics, and the like, and may
also be further classified 1nto types of metals, types of plastics, etc. For example, it may be desirable
to classify and sort the scrap material into types of ferrous and non-ferrous metals, heavy metals,
high value metals such as copper, nickel or titanium, cast or wrought metals, and other various

alloys.
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SUMMARY

]0004] In an embodiment, a system 1s provided. The system has a conveyor for carrying at
least two categories of scrap particles positioned at random on a surface of the conveyor, with at
least some of the particles comprising metal. The conveyor travels 1n a first direction. The system
has a sensor array with a series of analog inductive proximity sensors arranged transversely across
the conveyor. An active sensing end face of each sensor lies 1n a sensing plane, and the sensing
plane 1s generally parallel with the surface of the conveyor. A control system of 1s configured to
sample and quantize analog signals from the series of sensors 1n the array, and locate and classify a
scrap particle on the conveyor passing over the array into one of at least two categories of material

based on the quantized signals.

[0005]} In another embodiment, a method 1s provided. Scrap particles are sensed on a surface
of a moving conveyor using a sensing array with a series of analog proximity sensors arranged such
that active end faces of each of the sensors lie in a common sensing plane. The common sensing
plane 1s generally parallel with the surface of the conveyor. An analog signal from each of the
sensors 1n the array 1s sampled and quantized using a control system to provide a corresponding
quantized value. A matrix 1s created that corresponds to a timed, physical location of the conveyor
using the control system, and quantized values are input into cells 1n the matrix. A grouping of cells
in the matrix 1s 1dentified as a particle using the control system by distinguishing the particle from a
background indicative of the conveyor. The particle 1s classified using the control system into one
of at least two categories of material using a classification input calculated from the values in the

grouping of cells in the matrix associated with the particle.

BRIEF DESCRIPTION OF THE DRAWINGS

10006} FIGURE 1 1illustrates a side schematic view of a sorting system according to an
embodiment;
10007} FIGURE 2 illustrates a top schematic view of the sorting system of Figure 1;
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[0008] FIGURE 3 1llustrates an exploded perspective view of the sorting system of Figure 1

according to an embodiment;

[0009] FIGURES 4A and 4B illustrate a perspective view of a sensor assembly and a sensor,

respectively, for use with the sorting system of Figure 3;

10010} FIGURE 35 1llustrates a top view of the sensor assembly of Figure 4;
0011} FIGURE 6 1llustrates a schematic of a sensor interacting with a scrap particle;
10012} FIGURE 7 1illustrates a flow chart 1llustrating a method for classifying scrap material

using the system of Figure 1;

0013} FIGURES 8A-8D illustrate a simplified example of a matrix for the conveyor belt as
created by the control system for use in identifying and classifying a particle of scrap material as 1t

PASSCS OVET d SCINSOT dITdy,

[0014] FIGURE 9 1s a plot of sample data for use 1s setting calibration and classification

parameters; and

[0015] FIGURE 10 1s another plot of sample data for use in setting calibration and

classification parameters.

DETAILED DESCRIPTION

[0016] As required, detailed embodiments are disclosed herein; however, it 1s to be
understood that the disclosed embodiments are merely exemplary and may be embodied 1n various
and alternative forms. The figures are not necessarily to scale; some features may be exaggerated or
minimized to show details of particular components. Therefore, specific structural and functional
details disclosed herein are not to be interpreted as limiting, but merely as a representative basis for

teaching one skilled 1n the art to variously employ the present disclosure.

10017] It 1s recognized that any circuit or other electrical device disclosed herein may include

any number of microprocessors, integrated circuits, memory devices (e.g., FLASH, random access
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memory (RAM), read only memory (ROM), electrically programmable read only memory
(EPROM), electrically erasable programmable read only memory (EEPROM), or other suitable
variants thereof) and software which co-act with one another to perform operation(s) disclosed
herein. In addition, any one or more of the electrical devices as disclosed herein may be configured
to execute a computer-program that 1s embodied 1n a non-transitory computer readable medium that

1s programmed to perform any number of the functions as disclosed herein.

[0018] Figures 1-3 illustrate a system 100 or apparatus for classifying scrap materials into
two or more classifications of materials, and then sorting the materials into their assigned
classification. The system 100 may be a stand-alone apparatus. In other examples, the system 100
may be used or integrated with other classification and sorting systems, for example, 1n a larger line

operation for classifying and sorting scrap materials.

[0019] A conveyor belt 102, or other mechanism for moving objects along a path or in a
direction, shown here as the y-direction, supports particles 104 to be sorted. The particles 104 to be
sorted are made up of pieces of scrap materials, such as scrap materials from a vehicle, airplane,
consumer electronics, a recycling center; or other solid scrap materials as are known 1n the art. The
materials 104 are typically broken up into smaller pieces on the order of centimeters or millimeters
by a shredding process, or the like, before going through the sorting system 100 or a larger sorting
facility. The particles 104 may be randomly positioned and oriented on the conveyor 102 1n a single
layer, have random and widely varying shapes, and have varying properties. The particles 104 may
include mixed materials. In one example, the scrap material includes wire, and a particle 104 may
include wire 1in various shapes, including three-dimensional shapes, and the wire may additionally be

bare or insulated.

[0020] The system 100 classifies and sorts the particles into two or more selected categories
of materials. In one example, a binary sort 1s performed to sort the materials 104 into two
categories. In another example, the materials are sorted into three or more categories of materials.
The conveyor belt 102 extends width-wise and transversely in the x-direction, and pieces or particles
of material 104 are positioned at random on the belt 102. In various examples, different scrap
materials may be sorted, e.g. metal versus non-metal, types of mixed metals, wire versus non-wire,

clcC.
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[0021] A sensing apparatus or sensing assembly 106 1s positioned adjacent to the conveyor
belt 102. The sensing apparatus 106 1s shown as being positioned below a region of the belt 102
containing particles 104, which provides a fixed distance D between the sensing apparatus 106 and

the surface 108 of the belt 102 that supports the particles 104.

[0022] The sensing apparatus 106 has one or more sensor arrays 110. In the example shown,
two sensor arrays 110 are shown; however, the system 100 may have a single array 110, or more
than two arrays 110. Each array 110 includes a plurality of analog proximity sensors, as described in
greater detail below, and the sensors in the array 110 provide an analog signal 1n response to sensing

a particle 104 on the conveyor 102.

10023] The sensors 1n each array 110 are provided as analog proximity sensors, as opposed
to digital sensors. For an analog sensor, the signal output may vary and be any value within a range
of values, for example, a voltage range. Conversely, with a digital signal, the signal output may only
be provided as a binary signal, e.g. O or 1, or as one of a set of discrete, limited values. The sorting
and classification system 100 of the present disclosure uses analog sensors to provide greater
resolution 1n the signal. For example, the analog sensor may output a direct current voltage that
varies between O and 12 Volts, and the signal may be any value within that range, e.g. 4.23 Volts.
For a digital sensor, the signal output may be one of two discrete values, for example, that

correspond to voltage values on either side of a set threshold value.

0024} A control unit 112 receives the signals from the sensing apparatus 106 to locate,
track, and classify particles 104 on the belt 102 for use i1n sorting the particles 104 into two or more
classifications as the particles move along the belt. The control unit 112 may be provided by a
networked computer system employing a plurality of processors to achieve a high-speed, multi-
tasking environment 1in which processing takes place continuously and simultaneously on a number
of different processors. In the control unit 112, each processor in turn 1s capable of providing a
multi-tasking environment where a number of {functionally different programs could be
simultaneously active, sharing the processor on a priority and need basis. The choice of
implementation of hardware to support the functions identified in the process groups may also

depend upon the size and speed of the system, as well as upon the categories being sorted.
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[00235] The control unit 112 may include a signal processing unit 116, for example to
quantize and digitize the signals from the array 110 for use by control unit 112 1n classifying and
sorting the particles 104. The signal processing unit 116 may quantize and digitize the analog signal
to maintain a predetermined resolution in the signal and data, for example, to tenths or hundredths of

a volt, or may convert the analog signal to an 8-bit (or higher precision) value.

10026] The control unit 112 controls the sensing assembly 106 using information regarding
the position of the conveyor 102, for example, using inputs from the position sensor 124, to
determine the linear advancement of the conveyor belt 102 and the associated advancement of the
scrap particles 104 on the belt. The control unit 112 may control the processor 116 and sensing
assembly 106 to acquire sensor data when the conveyor belt 102 has advanced a predetermined

distance.

10027} The control system 112 contains a data processing unit to acquire and process the
signals and data from the sensor assembly 106. In one example, the data processing unit 1s
integrated with the signal processing unit 116 and the control system 112, and in other embodiments,
the data and signal processing units are separate. The processor unit includes logic for assembling
the data from each sensor into a representation of the belt. The processor unit may represent a
transverse section of the belt as a matrix of cells, and analyze the sensor data to determine locations
of particles 104 on the conveyor 102, and to determine an input for each particle 104 for use in the
classification and sorting process. The processor unit receives a signal indicative of the position of
the conveyor 102 and when to acquire sensor data such that the conveyor belt 1s “1maged” 1n a series
of discretized sections of the conveyor 102 as 1t passes across the sensor assembly 106 and array 110
and creates a matrix that 1s a linescan image of the belt. The controller 112 and processor may
perform various analyses on the matrix as described below, or otherwise manipulate the sensor data

to classify and sort the scrap materials 104.

0023] The control unit 112 uses the quantized and digitized signals from the sensing
assembly 106 to classify the particle 104 into one of two or more preselected classifications. Based
on the classification outcome, the control unit 112 controls the sorting device 114 to sort the

particles 104 based on their associated classifications. The control unit 112 may also include one or
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more display screens and a human machine interface 118, for use in controlling the system 100

during operation and also for use in calibration or system setup.

[0029] The scrap materials 104 may be shredded or otherwise processed before use with the
system 100. Additionally, the scrap materials 104 may be sized, for example, using an air knife or
another sizing system prior to use with the system 100. In one example, the scrap particles may be
rough sorted prior to use with the system 100, for example, using a system containing digital
inductive proximity sensors to classify and separate conductive from nonconductive materials, or
using a magnetic sorting system to remove ferrous from non-ferrous materials. Generally, the scrap
particles 104 are shredded and sized to have an effective diameter that 1s similar or on the same order
as a sensor end face diameter. The particles 104 are then distributed onto the belt 102 as a single
layer of dispersed particles to avoid overlap between particles, and provide separation between
adjacent particles for both sensing and sorting purposes. The particles 104 may be dried prior to

distribution, sensing, or sorting to improve efficiency and effectiveness of the sorting process.

10030] In the present example, the system 100 uses analog inductive proximity sensors, such
that the system 1s used to sort between two or more classes of metals, as the sensors can only detect
electrically conductive materials. One advantage of the system 100 1s that the scrap materials 104 do
not need to be cleaned or washed prior to sorting. Additionally, the system 100 may be used to sort
scrap material that includes particles 104 with mixed composition, for example, insulated wire or
other coated wire. In various examples, the system 100 1s used to sort between at least two of the
following groups: metal wire, metal particles, and steel and/or stainless steel, where the metal
particles have a conductivity that lies between the wire and steel / stainless steel groups and may
include copper, aluminum, and alloys thereof. The system 100 may be used to sort scrap particles
104 having an effective diameter as large as 25 centimeters or more, and as small as 2 millimeters or
22-24 gauge wire. In other examples, the system 100 may be used to sort scrap particles 104

containing metal from scrap particles 104 that do not contain metal.

[0031] At least some of the scrap particles 104 may include stainless steel, steel, aluminum,
titanium, copper, and other metals and metal alloys. The scrap particles 104 may additionally
contain certain metal oxides with sufficient electrical conductivity for sensing and sorting.

Additionally, the scrap particles 104 may be mixed materials such as metal wire that 1s coated with a

7
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layer of 1nsulation, and other metals that are at least partially entrapped or encapsulated with
insulation, rubber, plastics, or other nonconductive materials. Note that conductive as referred to
within this disclosure means that the particle 1s electrically conductive, or contains metal.
Nonconductive as referred to herein means electrically nonconductive, and generally includes
plastics, rubber, paper, and other materials having a resistivity greater than approximately one

mOhm-cm.

[0032] A scrap particle 104 provided by wire may be difficult to detect using other
conventional classification and sorting techniques, as it typically has a low mass with a stringy or
other convoluted shape and may be coated, which generally provides a low signal. The system 100

according to the present disclosure 1s able to sense and sort this category of scrap material.

|0033] The particles 104 of scrap material are provided to a first end region 120 of the belt
102. The belt 102 1s moved using one or more motors and support rollers 122. The control unit 112
controls the motor(s) 122 to control the movement and speed of the belt 102. The motors and
support rollers 122 are positioned such that the array 110 1s directly adjacent to the belt 102 carrying
the particles. For example, the belt 102 may be directly positioned between the particles 104 that it
supports and an array 110 such that the array 110 1s directly underneath a region of the belt 102
carrying particles 104. The motors and support rollers 122 may direct the returning belt below the

array 110, such that the array 110 1s positioned within the closed loop formed by the belt 102.

[0034] The control unit 112 may include or be in communication with one or more position
sensors 124 to determine a location and timing of the belt 102 for use locating and tracking particles
104 as they move through the system on the belt. In one example, the conveyor 102 1s linearly
moved at a speed on the order of 200 to 800 feet per minute, although other speeds are contemplated.
In a further example, the belt 102 has a linear speed of 400-700 feet per minute, and may have a
speed of 400 feet per minute corresponding to a belt movement of 2 millimeters per millisecond, or
600 feet per minute corresponding to a belt movement of 3 millimeters per millisecond, or another

similar speed.

0035} Based on the signals received by the sensors in the array 110, the processing unit and

control system 112 create a matrix that represents the belt 102 1n a similar manner to a linescan
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image. If the sensors are not arranged 1n a single line, the times at which data 1s acquired into a “‘line
scan’’ are appropriately compensated according to each sensor’s distance along the Y direction, 1.c.
the direction of particle travel or movement of the belt 102. The control system 112 and processing
unit acquires and processes the signals from the sensors in the array 110 and sensing assembly 106
to create the matrix or linescan image. The matrix 1s formed by a series of rows, with each row
representing a narrow band of the belt that extends the width of the belt 102. Each row 1s divided
into a number of cells, and the processing unit enters data from the sensors into the cells such that
the matrix 1s a representation of the conveyor belt 102, e.g. the matrix represents discretized sections

or locations of the conveyor 102 as 1t passes across the array 110.

0036} The control unit 112 uses the signals from the sensors in the array 110 as described
below to 1dentify particles 104 on the belt 102 and classify each particle 104 into one of a plurality
of classifications. The control unit 112 then controls the separator unit 114, using the classification
for each particle 104, the location of the particles, and the conveyor belt 102 position to sort and

separate the particles 104.

10037] The system 100 includes a separator unit 114 at a second end 130 of the conveyor
102. The separator unit 114 includes a system of ejectors 132 used to separate the particles 104
based on their classification. The separator unit 114 may have a separator controller 134 that 1s 1n
communication with the control system 112 and the position sensor 124 to selectively activate the
appropriate ejectors 132 to separate selected scrap particles 104 located on the conveyor which have
reached the discharge end 130 of the belt. The ejectors 132 may be used to sort the particles 104
into two categories, three categories, or any other number of categories of materials. The ejectors
132 may be pneumatic, mechanical, or other as 1s known 1n the art. In one example, the ejectors
132 are air nozzles that are selectively activated to direct a jet of air onto selected scrap particles 104
to alter the trajectory of the selected particle as i1t leaves the conveyor belt so that the particles are

selectively directed and sorted 1nto separate bins 136, for example using a splitter box 138.

[0038] A recycle loop may also be present in the system 100. If present, the recycle loop
takes particles 104 that could not be classified and reroutes them through the system 100 for

rescanning and resorting into a category.
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[0039] Figures 4A, 4B, and 5 illustrate a sensing assembly 106 according to an embodiment.
Figure 4B 1llustrates an 1nset, enlarged perspective view of a sensor 160 1n the assembly 106. In one
example, the sensing assembly 106 may be used with system 100 as described above with respect to
Figures 1-3. The sensing assembly 106 1s illustrated as having one sensor array 110. One sensing

assembly, or more than one sensing assembly may be used with the system 100.

[0040] The sensing assembly 106 has a base member 150 or sensor plate. The base member
150 1s sized to extend transversely across the conveyor belt 102 and 1s shaped to cooperate with a
corresponding mount for the sensing assembly 106 1n the system 100 to be supported within the

system 100.

]0041] The base member 150 defines an array of apertures 152 that intersect the upper
surface, with each aperture sized to receive a corresponding sensor 160 1n the array 110 of analog
proximity sensors. In other embodiments, other structure or supports may be used to position and fix
the sensors 1nto the array in the assembly. The base member 150 provides for cable routing for a
wiring harness 154 to provide electrical power to each of the sensors 160 and also for a wiring
harness 156 to transmit analog signals from each of the sensors 160 to the signal processing unit 116

and the control unit 112.

10042] Each sensor has an end surface or active sensing surface 162. The sensors 160 are
arranged 1nto an array 110 such that the end surfaces 162 of each of the sensors are co-planar with
one another, and lie 1n a plane that 1s parallel with the surface 108 of the belt, or generally parallel to
the surface of the belt, e.g. within five degrees of one another, or within a reasonable margin of error
or tolerance. The end faces 162 of the sensors likewise generally lie in a common plane, e.g. within
an acceptable margin of error or tolerance, such as within 5-10% of a sensor end face diameter of
one another or less. The sensors 160 are arranged 1n a series of rows 164, with sensors 1n one row
offset from sensors 1n an adjacent row. The sensors 160 1n the array 110 are arranged such that, 1n
the X-position or transverse direction and 1gnoring the Y-position, adjacent sensors have overlapping
or adjacent electromagnetic fields. The sensors 160 may be spaced to reduce interference or
crosstalk between adjacent sensors in the same row 164, and between sensors 1n adjacent rows 164.

In one example, all of the sensors 160 1n the array are the same type and size of sensor. In other

10
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examples, the sensors 160 1n the array may be different sizes, for example, two, three, or more

different sizes.

[0043] The sensors 160 may be selected based on the side of the active sensing area, or a
surface area of the end face 162. The sensors are also selected based on their sensitivity and
response rate. In one example, the end face 162 area generally corresponds with or 1s on the same
order as the size of the particles 104 to be sorted, for example, such that the sensor 1s used to sort
particles having a projected area within 50%, 20%, or 10% of the sensor surface area. For example,
the sensor end surface 162 area may be 1n the range of 2 millimeters to 25 millimeters, and 1n one
example 1s on the order of 12-15 or 15-20 millimeters for use with scrap particles 104 having an
effective diameter in the same size range, e.g. within a factor of two or more. Therefore, although
the scrap materials 104 may undergo a rough sorting process prior to being distributed onto the belt,

the system 100 allows for size variation in the scrap particles.

[0044] The sensors 160 may be selected based on the materials to be sorted. In the present
example, the sensors 160 1n the array 110 are each inductive analog proximity sensors, for example,
for use 1n detecting and sorting metals. The sensor 160 creates an induction loop as electric current
in the sensor generates a magnetic field. The sensor outputs a signal indicative of the voltage
flowing in the loop, which changes based on the presence of material 104 1n the loop and may also
change based on the type or size of metal particles, or for wire versus solid particles. The control
unit 112 may use the amplitude of the analog voltage signal to classify the material. In further
examples, the control unit 112 may additionally or alternatively use the rate of change of the analog

voltage signal to classity the material.

[00435] The analog inductive proximity sensors 160 are arranged into rows 164 in an array
110, with each row 164 positioned to extend transversely across the sensor assembly 106 and across
a belt 102 when the sensor assembly 1n used with the system 100. Each row 164 in the array 110
may have the same number of sensors 160 as shown, or may have a different number. The sensors
160 1n each row 164 are spaced apart from one another to reduce interference between sensors. The
spacing between adjacent rows 164 1s likewise selected to reduce interference between sensors 1n
adjacent rows. The sensors 160 1in one row 164 are offset from the sensors 160 1n an adjacent row

164 along a transverse direction as shown to provide sensing coverage of the width of the belt.
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[0046] In the present example, the array 110 includes five rows 164 of sensors 160, with
each row having 24 identical analog inductive proximity sensors, with each sensor having an end
face diameter of 18 millimeters. The array 110 therefore contains 120 sensors. The sensors 160 1n
each row 164 are spaced apart from one another by approximately five times the diameter of the
sensor to reduce crosstalk and interference between the sensors. The number of sensors 160 1n each
row 1s therefore a function of the diameter of the sensor and the length of the row which corresponds
to the width of the belt. The number of rows 164 1s a function of the width of the belt, the number
and size of sensors, and the desired sensing resolution 1n the system 100. In other examples, the
rows may have a greater or fewer number of sensors, and the array may have a greater or fewer

number of rows, for example, 10 rows.

10047] In the present example, each row 164 1s likewise spaced from an adjacent row by a
similar spacing of approximately five times the diameter of the sensor 160. The sensors 160 in one
row 164 are offset transversely from the sensors in adjacent rows, as shown in Figures 4-5. The
sensors 160 1n the array as described provide for a sensor positioned every 12.5 mm transversely
across the belt when the sensor 160 positions are projected to a common transverse axis, Oor x-axis,
although the sensors 160 may be at different longitudinal locations 1n the system 100. The control
unit therefore uses a matrix or linescan image with 120 cells 1n a row to correspond with the sensor
arrangement 1n the array. A scrap particle 104 positioned at random on the belt 1s likely to travel
over and interact with an electromagnetic field of at least two sensors 160 1n array. Each sensor 160

has at least one corresponding valve or ejector 132 1n the blow bar of the sorting assembly.

[0048] The end faces 162 of the sensors in the array lie in a single common plane, or a sensor
plane. This plane 1s parallel to and spaced apart from a plane containing the upper surface 108 of the
belt, or a belt plane. The sensor plane 1s spaced apart from the belt plane by a distance D, for
example, less than 5 millimeters, less than 2 millimeters, or one millimeter. Generally, improved
sorting performance may be provided by reducing D. The distance D that the sensor plane 1s spaced
apart from the belt plane may be the thickness of the belt 102 with an additional clearance distance

to provide for movement of the belt 102 over the sensor array 110.

0049} The sensors 160 1n the array 110 may all be operated at the same {requency, such that

a measurement of the direct current, analog, voltage amplitude value 1s used to classify the materials.
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In other examples, additional information from the sensor 160 may be used, for example, the rate of
change of the voltage. As a scrap particle 104 moves along the conveyor belt 102, the particle
traverses across the array 110 of sensors. The particle 104 may cross or traverse an electromagnetic
field of one or more of the sensors 160 in the array. As the particle 104 enters a sensor
electromagnetic field, the electromagnetic field 1s disturbed. The voltage measured by the sensor
160 changes based on the material or conductivity of the particle, and additionally may change based
on the type or mass of material, e.g. wire versus non-wire. As the sensor 160 1s an analog sensor, it
provides an analog signal with data indicative of the amplitude of the direct current voltage

measured by the sensor 160 that may be used to classify the particle.

0050} As the particles 104 are all supported by and resting on the conveyor belt 102, the
scrap particles all rest on a common belt plane that 1s coplanar with the sensor plane of the sensor
array 110. As such, the bottom surface of each particle 1s equidistant from the sensor array as it
passes overhead by the distance D. The scrap particles in the system 100 have a similar size, as
provided by a sizing and sorting process; however, there may be differences in the sizes of the scrap
particles, as well as 1n the shapes of the particles such that the upper surface of the particles on the
belt may be different distances above the sensor array. The particles therefore may have a thickness,
or distance between the bottom surface 1in contact with the belt and the opposite upper surface that 1s
different between different particles being sorted by the system 100. The scrap particles interact
with the sensors in the array to a certain thickness, which corresponds with a penetration depth of the

sensor as determined by the sensor size and current.

[0051] Figure 6 illustrates a partial schematic cross-sectional view of a sensor 160 1n an array
110 and a particle 104 on a belt 102. As can be seen from the Figure, the upper surface 108 of the
belt 102, or belt plane, 1s a distance D above a sensor plane containing the end face 162 of the sensor
160. The sensor 160 contains an inductive coil 172 made from turns of wire such as copper and an
electronics module 170 that contains an electronic oscillator and a capacitor. The sensor 160
receives power from an outside power supply. The inductive coil 172 and the capacitor of the
electronics module 170 produce a sine wave oscillation at a frequency that 1s sustained via the power
supply. An electromagnetic field 1s produced by the oscillation and extends out from the end face
162, or the active surface 162 of the sensor 160. An electromagnetic field that 1s undisturbed by a

conductive particle, e.g. when there 1s no scrap material on the belt 102, 1s shown at 174. When a
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scrap particle 104 containing a conductive material, such as metal, enters the electromagnetic field,
some of the oscillation energy transfers into the scrap particle 104 and creates eddy currents. The
scrap particle and eddy current result in a power loss or reduction 1n the sensor 160, and the resulting
electromagnetic field 176 has a reduced amplitude. The amplitude, e.g. the voltage, of the sensor
160 1s provided as a signal out of the sensor via the output 178. Note that for an analog sensor, the
sensor 160 may continually provide an output signal, for example, as a variable voltage within a

range of voltages, that 1s periodically sampled or acquired by the control unit 112.

|0052] Referring to Figure 7, a method 200 1s shown for classifying particles 104 using the
control unit 112 of the system 100 and sensor assembly 106 as shown in Figures 1-5. In other

embodiments, various steps in the method 200 may be combined, rearranged, or omitted.

|0053] At 202, the control unit 112 and processing unit acquire data from a row 164 of

sensors based on the position of the conveyor 102.

[0054] As the control unit 112 and processing unit receives the data from the sensors 160, the
control unit 112 and processor forms a matrix or linescan image associated with sensor array 110
that 1s also linked to the position or coordinates of the belt 102 for use by the separator unit 114 as
shown at 204. The processor receives data from the sensor array 110, with a signal from each sensor
160 1n the array. The processor receives signals from the sensors, and based on the position of the
belt 102, for example, as provided by a digital encoder, inputs data from selected sensors into cells 1n
the matrix. The matrix provides a representation of the belt 102, with each cell in the matrix
associated with a sensor 160 in the array. In one example, the matrix may have a line with a cell
associated with each sensor i1n the array, with the cells ordered as the sensors are ordered
transversely across the belt when projected to a common transverse axis. Therefore, adjacent cells 1n

a line of the matrix may be associated with sensors 160 in different rows in the array.

[0055] The control unit and processor receives the digitized direct current voltage signal or
quantized value from the analog inductive sensor 160. In one example, the quantized value may be a
8-bit greyscale value ranging between 0-255. The sensor 160 may output any value between 0-12, 0-
11, 0-10 Volts or another range based on the sensor type, and based on the sensor voltage output, the

processor assigns a corresponding bit value. In one example, zero Volts 1s equivalent to a quantized
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value of zero. In other examples, zero Volts 1s equivalent to a quantized value of 255. In other
examples, the processor may use other quantized values, such as 4 bit, 16 bit, 32 bit, may directly

use the voltage values, or the like.

]0056] The cells 1n the matrix are populated with a peak voltage as measured by the sensor
160 within a time window or at a timestamp. In other examples, the sensor signal data may be post-

processed to reduce noise, for example, by averaging, normalizing, or otherwise processing the data.

[0057] The processor and control unit 112 may use a matrix with cells containing additional
information regarding particle location, and particle properties as determined below. The processor
and control unit 112 may alternatively use an imaging library processing tool, such as MATROX, to
create a table or other database populated with signal data for each particle including quantized 8-bit
voltage values, boundary information, and other particle properties as described below with respect

to further embodiments.

[00S8] At 206, the control unit 112 1dentifies cells in the matrix that may contain a particle
104 by distinguishing the particle from background signals indicative of the conveyor 102. The
particle 104 may be distinguished from the background when a group of adjacent cells have a similar
value, or values within a range, to indicate the presence of a particle 104 or when a single cell 1s
sufficiently different from the background. The controller 112 then groups these matrix cells

together and 1dentifies them as a ““grouping’ indicative of a particle.

[0059] At 208, the controller 112 determines an associated classification input or quantized
value input for each grouping. For example, the controller 112 may use a peak voltage from a cell
associated with the grouping as the classification input, for example, the highest or lowest cell
voltage or quantized value in the grouping. In other examples, the controller calculates the
classification input for the grouping as a sum of all of the values in the grouping, an average of all of
the cells 1n the grouping, as an average of the peak voltages or quantized values from three cells 1n
the grouping, an average of the peak voltages or quantized values from three contiguous cells, or the
like. By grouping the data together into a single unit or classification input to represent the particle,

and making a decision on the particle as a whole, increased accuracy may be obtained in comparison

15



CA 03057860 2015-095-24

WO 2018/183337 PCT/US2018/024582

with a more conventional practice in scrap sorting with each sensor and associated ejector operating

as a separate, independent unit from other sensors and ejectors.

0060} At 210, the control unit 112 controls the separator unit 114 to selectively activate an
ejector 132 to eject a particle into a desired bin based on the classification for the particle. The
control unit 112 controls the ejectors 132 based on the classification of the particle 104 from the
cells 1n the matrix and grouping associated with the particle and based on the position and timing of

the conveyor 102.

[0061] Figures 8A-8D 1llustrate a simplified example of the method 200 as implemented by
the system 100. In Figure 8, the sensor array 110 includes three rows 164, with three sensors 160 1n
each row, and the sensors in different rows being offset from one another. The sensors 160 are
labeled as sensors 1-9 as shown in Figure 8A based on the sensor position projected along a
transverse axis x. A scrap particle 104 1s illustrated at time t1 1n Figure 8A, time t2 1n Figure 8B,
time t3 1n Figure 8C, and time t4 1n Figure 8D, which corresponds to sequential times that the

control system 112 1s acquiring sensor data based on belt 102 movement.

]0062] A matrix 250 1s created by the control unit and processor 112, and has a line (L) 252
associated with each time, and n cells 254 in each row, where n 1s equal to the number of sensors 1n
the array, or nine in the present example. The cells 254 are labeled 1-9 to correspond with the

sensors 1-9.

0063} The control unit 112 fills line L1 of the matrix with a peak voltage value or equivalent
classification value, such as 8-bit value as the particle passes over the array 110. The cells in the
matrix 250 that are being filled at each timestep have an underlined value within the cell. In the
present example, a sensor 160 that 1s not sensing a conductive scrap particle has a voltage of 10
Volts, and the particle as shown 1n Figure 4 1s formed from a metal, such as steel or stainless steel
with a peak sensor voltage of approximately 2.5 Volts, although this may vary based on the
thickness of the particle 104 over the sensor 160, whether the particle 1s traveling through the entire
electromagnetic field of a sensor 160 or only a portion thereof, etc. The voltage values as shown 1n
the matrix 250 are truncated for simplicity, and in further examples, may be measured to the tenth or

hundredth of a volt. Conversely, for a 8-bit classification value, 10 volts may be a quantized value
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of 0, with zero Volts having a quantized value of 255, and a voltage of 2.5 Volts having an

associated quantized value of 191.

[0064] In Figure 8A, control unit 112 and processor begin to fill line L1 in the matrix 250.
At time tl, the system 100 has just started such that the matrix 250 was empty or cleared. The
particle 104 1s overlaying sensor 3, while the particle 1s sufficiently far from sensors 6 and 9 such
that the voltage for these sensors 1s unaffected at 10 Volts. Therefore, the control unit 112 inputs the

analog peak voltage from sensors 3, 6, and 9 1nto line L1 of the matrix as shown.

[0065] In Figure 8B, the belt and particle 104 have advanced, and the control unit 112
populates the matrix 250 at time t2. In one row 164 of sensors, the particle 104 1s overlaying sensor
3 and 6 and the particle 1s sufficiently far from sensor 9 such that the voltage 1s unatfected; and the
control unit 112 inputs the analog peak voltage from sensors 3, 6, and 9 1nto line L2 of the matrix
250 as shown. In another row 164 of sensors, the particle 104 1s overlaying sensor 2, while the
particle 1s sufficiently far from sensors 5 and 8 such that the voltage 1s unaffected; and the control
unit 112 inputs the analog peak voltage from sensors 2, 5, and 8 into line L1 of the matrix 250 as

shown.

0066} In Figure 8C, the belt and particle 104 have advanced, and the control unit 112
populates the matrix 250 at time t3. In one row 164 of sensors, the particle 104 1s sufficiently far
from sensors 3, 6, and 9 such that the voltage 1s unaffected; and the control unit 112 inputs the
analog peak voltage from sensors 3, 6, and 9 into line L3 of the matrix 250 as shown. In another row
164 of sensors, the particle 104 1s overlaying sensor 2 and 5 and the particle 1s sufficiently far from
sensor 8 such that the voltage 1s unaffected; and the control unit 112 inputs the analog peak voltage
from sensors 2. 5, and 8 into line L2 of the matrix 250 as shown. In another row of sensors, the
particle 104 1s also overlaying sensor 1, while the particle 1s sufficiently far from sensors 4 and 7
such that the voltage 1s unaffected; and the control unit 112 inputs the analog peak voltage from

sensors 1, 4, and 7 into line L1 of the matrix 250 as shown.

0067} In Figure 8D, the belt and particle 104 have advanced, and the control unit 112
populates the matrix 250 at time t4. As can be seen from the matrix 250, the L1 line 1s completed

and 1s unchanged. In one row 164 of sensors, the particle 104 1s sufficiently far from sensors 3, 6,
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and 9 such that the voltage 1s unatfected; and the control unit 112 inputs the analog peak voltage
from sensors 3, 6, and 9 into line L4 of the matrix as shown. In another row of sensors, the particle
104 1s sufficiently far from sensors 2, 5, and 8 such that the voltage 1s unaffected; and the control
unit 112 inputs the analog peak voltage from sensors 2, 5, and 8 into line L3 of the matrix 250 as
shown. In another row of sensors, the particle 104 1s overlaying sensors 1 and 4, and the particle 1s
sufficiently far from sensor 7 such that the voltage 1s unaffected; and the control unit 112 inputs the

analog peak voltage from sensors 1, 4, and 7 into line L2 of the matrix 250 as shown.

|0063] As seen in Figure 8D, a grouping of cells in lines L1 and L2 generally indicates the
presence, location, and shape of a particle 104 such that the control unit 112 may i1dentify the
grouping as a particle and use data within cells 1, 2, and 3 in line L1 and cells 1-5 or 1-6 in line L2 to
classity and sort the particle 104. In other examples, a particle may be shaped or sized such that

only one or two sensors 1n the array detect the particle.

[0069] The matrix 250 may have a set number of lines (L), or n lines, with n being larger
than the number of rows 164 of sensors and/or larger than the time steps. As the data in the lines in
the matrix shift with time and new data 1s filled 1n, eventually the original or earlier data may be
deleted or cleared. For example, in a matrix 250 with n lines, when after data 1s acquired at time tn,

the data from L1 would be cleared at the next timestep tn+1.

[0070] The control unit 112 may undergo a calibration process to set the criteria for the
various classifications. First and second particles 104 formed from known materials of each of the
selected classifications for a binary sort are provided through the system 100. In other examples, a

third particle from a third classification may additionally be provided for a tertiary sort.

[0071] The system 100 may be operated in various modes based on the materials to be
sorted and the associated classifications. The operator may select the mode using the HMI 118. In
one example, the system 100 incorporates multiple arrays 110 running different modes 1n series.
Note that for a system 100 using analog inductive proximity sensors, the system 100 1s unable to

detect, or classity electrically nonconductive material.

[0072] In a first mode of operation, the control system 112 is sorting between conductive

materials, and may be sorting using either binary or tertiary classifications based on the following
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groups: conductive wire, steel and stainless steel, and other metals. The system 100 1s therefore
classitying and sorting anything with a signature. The control system 112 fills the matrix 250 using
the full voltage range of the sensors 160, e.g. 0-10 Volts, or alternatively, sets and uses the 8-bit
classification value based on the 0-10 Volts range, such that each bit has an associated 0.04 Volt size
range or resolution. The control unit 112 classifies the particles 104 based on the peak voltage 1n a
cell of the grouping compared to various voltage ranges, or another criteria. The control unit may

additionally use area of the grouping as a classification parameter.

|0073] In a second mode of operation, the control system 112 1s sorting between conductive
wire and conductive non-wire materials. The control system 112 fills the matrix using a reduced
selected voltage range of the sensors, e.g. 4-10 or 5-10 Volts, which targets the sensor voltage values
associated with wire and 1gnores sensor values that are below the range. The control system 112

then classifies the particles 104 as generally described above with respect to the first mode.

[0074] In a third mode of operation, the control system 112 1s sorting between conductive
metals, e.g. between steel or stainless steel and other conductive metals such as copper and
aluminum or alloys thereof. The control system 112 fills the matrix 250 using a reduced selected
voltage range of the sensors, e.g. 0-1, 0-2, 0-3 or 0-4 Volts, which targets the sensor signals and
voltage values associated with metals and 1gnores sensor voltage values that are above the range.
For example, in the system 100 as described stainless steel has an associated voltage signature of 1
Volt, while copper and aluminum have higher voltage signatures of 3-4 volts. The control system
112 may additionally step up the voltages from the sensors 160 based on the low values before using
the data to fill the matrix 250. The control system may be able to therefore distinguish between

different metals, or even different alloys.

[0075] In a fourth mode, the control system 112 may use the system 100 to sort scrap
particles that contain metal from scrap particles that contain no metal or electrically conductive
material. The control system 112 classifies anything with a voltage signal different than the baseline
voltage signal as a metal-containing particle and controls the ejectors to sort these particles into a

bin.
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0076} In all of the modes, the controller 112 uses the analog signal from a single array 110
of sensors 160 lying in a sensor plane that 1s parallel to the belt. The control system 112 uses the
variability signal of the analog sensor to provide information related to the conductivity, and
therefore the classification of the material. Conventional systems may use a series of arrays of
digital proximity sensors, with the sensors in each array set at different thresholds, typically by
turning a potentiometer, to provide a signal, and/or set at different distances from the belt to sort
based on a cutoff strategy. In the system 100 of the present disclosure, there 1s no need to adjust the
distance between the belt and the sensors when changing the sortation feed materials or production
strategy. The sensor array remains fixed relative to the belt, and a different program or sorting
method may be selected or loaded into the controller 112 for a change in feed materials or

production strategy.

[0077] Figure 9 1llustrates sample calibration data from the system 100 that included
stainless steel, copper, aluminum, and 1nsulated wire. The data 1s plotted with the area or number of
cells 1n the matrix associated with a particle versus peak voltage for a cell in the matrix identified as
the particle. The data from Figure 9 may be used to set voltage ranges for associated classifications

of materials for use by the control system 1n classifying and sorting materials.

0078} Figure 10 1illustrates sample calibration data from the system 100 that included
stainless steel, copper, aluminum, and 1insulated wire. The data 1s plotted with the area or number of
cells 1n the matrix associated with a particle versus the sum of the 8-bit classification values in the
grouping in the matrix 1dentified as the particle. The data from Figure 10 may be used to set voltage
ranges for associated classifications of materials for use by the control system in classifying and

sorting materials.

[0079] In a further example, the controller 112 may also determine a secondary classification
input for use 1n classification of the particle 104 from the matrix 250 data. In one example, the rate
of change of the sensor voltage 1s used as a secondary classification input. In another example, the
secondary classification input may be based a calculated shape, size, aspect ratio, texture feature,
voltage standard deviation, or another characteristic of the grouping or identified particle from the
sensor data i1n the matrix as a secondary feature for the particle. For example, the secondary

classification input may be provided by a sum of the voltages over the area associated with the
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particle region, an area ratio factor as determined using a particle area divided by a bounding box
area, a compactness factor as determined as a function of the particle perimeter and the particle area,
and the like. Texture features may include rank, dimensionless perimeter (perimeter divided by
square root of area), number of holes created by thresholding the particle or by subtracting one rank
image from another, total hole area as a proportion of total area, largest hole area as a proportion of
arca, and Haralick texture features. Texture values may be obtained for a grouping by transforming
the matrix via a fast Fourier transtorm (FFT). The average log-scaled magnitude in different
frequency bands in the FFT magnitude image may be used as distinguishing texture features. Some
secondary classification features, such as texture, may only be obtained with the use of sensors that
are smaller than the particle sizing to provide increased resolution and the data required for this type

of analysis.

[0080] The secondary classification input may be used alone to classify the particle.
Alternatively, with a secondary classification input, the control unit 112 may generate a data vector
for each grouping or identified particle that includes both the voltage based classification input, as
well as one or more secondary classification inputs. In this scenario, the control unit would then
classity the particle as a function of the data vector by inputting the data vector into a machine
learning algorithm. The control unit may use a Support Vector Machine (SVM), a Partial Least
Squares Discriminant Analysis (PLSDA), a neural network, a random forest of decision trees, or
another machine learning and classification technique to evaluate the data vector and classity the
particle 104. In one example, a neural network 1s used to classify each of the scrap particles 104 as
one of a preselected list of alloy families or other preselected list of materials based on elemental or
chemical composition based on the analysis of the sensor and matrix data. In other examples, the
control unit may use a look-up table that plots the data vectors and then classifies the grouping based
on one or more regions, thresholds, or cutoff planes. In one example, the classification of a particle

104 may be a multiple stage classification.

0081} In one example, the control unit 112 inputs the data vector into a neural network to
classity the particle. The neural network program may be “trained” to “learn” relationships between
groups of input and output data by running the neural network through a “supervised learning”

process. The relationships thus learned could then be used to predict outputs (1.e., categorize each of
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the scrap particles) based upon a given set of inputs relating to, for example, classification inputs,

datasets, histograms, etc. produced from representative samples of scrap having known chemaistry.

[0082] The control unit 112 may use a neural network and analyzing/decision-making logic
to provide a classification scheme for selected scrap materials to classity the materials using a binary
classification system, or classity the particle into one of three or more classifications. Commercially
available neural network configuration tools may be employed to establish a known generalized
functional relationship between sets of input and output data. Known algorithmic techniques such as
back propagation and competitive learning, may be applied to estimate the various parameters or
welghts for a given class of input and output data. Once the specific functional relationships
between the inputs and outputs are obtained, the network may be used with new sets of input to
predict output values. It will be appreciated that once developed, the neural network may incorporate
information from a multitude of 1inputs into the decision-making process to categorize particles in an

efficient manner.

0083 ] In various embodiments, a system 1s provided to sort randomly positioned scrap
material particles on a moving conveyor, where at least some of the scrap particles comprise metal.
The system includes a conveyor belt for carrying at least two categories of scrap particles positioned
at random, with the conveyor belt traveling 1in a first direction. The sensor array has a series of
analog proximity sensors, with an active sensing end face of each sensor lying in a sensing plane, the
sensing plane being parallel with and directly adjacent to the conveyor. The sensor array has at least
one row of sensors, with each row of sensors extending transversely across the belt. The sensors 1n
one row may be offset transversely from sensors in an adjacent row. The system has a control
system configured to receive and process analog signals from the series of proximity sensor to
identify and locate a scrap particle on the conveyor passing over the array. The control system
creates a linescan 1mage (or matrix) corresponding to a physical location on the conveyor by
analyzing the analog signals from the sensor array. The analog signals provide a variable signal
within a range of signal values, and may be sampled and quantized such that the analog signal
retains at least 4 bit, 8 bit, 16 bit, or higher signal resolution. The control system inputs a value
based on the analog signal into a cell of the matrix, with each cell in the matrix corresponding to an
associated analog sensor 1n the array. The control system 1dentifies cells 1in the matrix containing a

particle by distinguishing the particle from a background indicative of the conveyor, and calculates a
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classification input for the particle based on the values for each cell in the matrix associated with the
particle. The control system then classifies the particle into one of the at least two classifications of
scrap materials using the classification input. The control system may compare the classification
input for the particle to one or more thresholds that are selected based on the at least two
classifications of scrap materials to be sorted. In further examples, the control system uses a first
voltage threshold for sorting between a first and second classification of materials, and uses a second
voltage threshold for sorting between second and third classifications of materials. In further
examples, the control system uses shape and/or size information for the particle in conjunction with
the classification input to determine a data vector associated with the particle, and classifies the

particle as a function of the data vector.

0084} In various embodiments, a method 1s provided for sorting scrap particles. The
method may be used to sort scrap particles. At least some of the scrap particles comprise metal. In
one example, the method sorts particles containing metal from non-metal particles into two or more
classifications. In other examples, the method sorts particles containing different metals, or wire
versus non-wire, into two or more classifications. A series of analog signals are received from a
sensor array having a series of analog proximity sensors arranged such that active end faces of the
sensors lie 1n a common sensing plane. The series of signals are processed to locate and 1dentify a
scrap particle containing metal on a conveyor passing over the array. Each signal may be quantized
to provide a value having at least 4, 8, 16, or higher bit resolution. A linescan image or matrix 1s
created that corresponds to a physical location of the conveyor by analyzing the analog signals from
the sensor array, with each cell in the matrix corresponding to an associated analog sensor in the
array. A value from each sensor 1s input into a cell of the matrix based on the physical location of
the conveyor. Cells in the matrix that contain a particle are 1dentified by distinguishing the particle
from a background indicative of the conveyor, and a classification input for the particle 1s calculated
based on the values for each cell in the matrix associated with the particle. The particle 1s classified
into one of the at least two classifications of material using the classification input. The
classification input for the particle may be compared to one or more thresholds that are selected
based on the at least two classifications of materials to be sorted. In further examples, the particle 1s

classified as a function of a data vector that has both the classification input as well as shape and/or
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size information for the particle as determined using the cells in the matrix 1dentified as the particle.

The particle 1s then sorted 1into one of the classifications.

[0085] While exemplary embodiments are described above, it 1s not intended that these
embodiments describe all possible forms of the disclosure. Rather, the words used in the
specification are words of description rather than limitation, and 1t 1s understood that various
changes may be made without departing from the spirit and scope of the disclosure. Additionally,

the features of various implementing embodiments may be combined to form further embodiments

of the disclosure.
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WHAT IS CLAIMED IS:

1. A system comprising:

a conveyor for carrying at least two categories of scrap particles positioned at random
on a surface of the conveyor, at least some of the particles comprising metal, the conveyor traveling
1n a first direction;

a sensor array having a series of analog inductive proximity sensors arranged
transversely across the conveyor, wherein an active sensing end face of each sensor lies 1in a sensing
plane, wherein the sensing plane 1s generally parallel with the surface of the conveyor; and

a control system configured to sample and quantize analog signals from the series of
sensors 1n the array, and locate and classify a scrap particle on the conveyor passing over the array

into one of at least two categories of material based on the quantized signals.

2. The system of claim 1 wherein the series of sensors in the sensor array are
arranged 1nto at least first and second rows of sensors, wherein each row of sensors extends
transversely across the conveyor; and

wherein sensors 1n a first row 1n the array are offset transversely from sensors 1n a

second row 1n the array.

3. The system of claim 1 wherein each sensor in the array 1s spaced apart from

adjacent sensors 1n the array by at least five times a diameter of the sensor.

4. The system of claim 1 wherein each sensor in the array 1s offset transversely

from the remaining sensors in the array.

d. The system of claim 1 wherein an area of the active sensing end face of each

sensor sized to be on the same order as a projected area of a scrap particle.

6. The system of claim 1 further comprising a separating unit positioned

downline of the sensor array;
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wherein the control system 1s further configured to control the separating unit to sort

the particle on the conveyor based on the location and classification of the particle.

7. The system of claim 1 wherein the control system 1s further configured to
form a matrix corresponding to a physical location on the conveyor, input the quantized analog
signal from a sensor 1nto a cell of the matrix, identify a grouping of cells 1in the matrix containing a
particle by distinguishing the particle from a background indicative of the conveyor, calculate a
classification input for the particle based on a value 1n at least one cell in the matrix associated with
the grouping, and classity the particle into one of at least two categories of material based on the

classification input.

3. The system of claim 7 wherein each row of the matrix has a cell associated
with each sensor 1n the array; and
wherein the quantized analog signal 1s 1indicative of one of a voltage amplitude and a

voltage rate of change.

9. The system of claim 7 wherein the control system 1s further configured to
sample and quantize each analog signal such that the quantized analog signal 1s assigned at least an

eight-bit value.

10. The system of claim 7 wherein the control system 1s further configured to
classity the particle by comparing the classification input for the particle to one or more thresholds

that are selected based on the at least two categories of materials.

11. The system of claim 10 wherein the control system 1s configured to use a first
voltage threshold for sorting between a first and second categories of materials, and use a second

voltage threshold for sorting between second and third categories of materials.

12. The system of claim 7 wherein the control system 1s further configured to use

a secondary classification input as determined from the sensor array in conjunction with the
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classification input to determine a data vector associated with the particle, and classify the particle as

a function of the data vector.

13. A method comprising:

sensing scrap particles on a surface of a moving conveyor using a sensing array with
a series of analog proximity sensors arranged such that active end faces of each of the sensors lie in a
common sensing plane, the common sensing plane being generally parallel with the surface of the
CONveyor;

sampling and quantizing an analog signal from each of the sensors 1n the array using
a control system to provide a corresponding quantized value;

creating a matrix corresponding to a timed, physical location of the conveyor using
the control system and inputting quantized values into cells in the matrix;

identifying a grouping of cells 1in the matrix as a particle using the control system by
distinguishing the particle from a background indicative of the conveyor; and

classifying the particle using the control system into one of at least two categories of
material using a classification input calculated from the values 1n the grouping of cells in the matrix

associated with the particle.

14. The method of claim 13 further comprising controlling a separating unit to

sort the particle into one of the at least two categories of materials based on the classification.

13. The method of claim 13 wherein each cell in a row of the matrix corresponds
to an associated sensor 1n the array; and

wherein the quantized value 1s representative of one of a voltage amplitude and a

voltage rate of change.
16. The method of claim 13 wherein the quantized value 1s 1nput into a

corresponding cell 1in the matrix by the control system 1if the quantized value falls within a predefined

range of values.
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17. The method of claim 13 wherein the particle 1s classified using the control
system by comparing the classification input to one or more thresholds that are selected based on the

at least two categories of materials to be sorted.

18. The method of claim 13 wherein the particle 1s classified using the control
system by comparing the classification input to a first threshold for sorting between first and second
categories of materials, and to a second threshold for sorting between second and third categories of

materials.

19. The method of claim 13 further comprising determining a secondary
classification input for the particle from the grouping of cells;

wherein the particle 1s classified using the control system 1nto one of the at least two
categories as a function of a data vector for the grouping, the data vector comprising the

classification input and the secondary classification input.

20. The method of claim 19 wherein the control system classifies the particle by

inputting the data vector into a machine learning algorithm.
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