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(57) Abstract ;89

Apparatus for detecting unacceptable material in a stream of particulate material includes means (20) to illuminate the
stream of material, scanning detector means (16) arranged to receive light reflected from the particles of material in the stream
and to distinguish the level of light reflected from an unacceptable particle from the level from acceptable particles to produce an
electrical output signal indicative of the position across the stream of that unacceptable particle. A light reflective background
plate (36) is disposed behind the stream from the detector means, and means (20) are provided to illuminate that background
plate with light in a colour range corresponding to the color of the acceptable particles of material in the stream.
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OPTICAL GRADING APPARATUS

This invention relates to apparatus for detecting
unacceptable particles in a stream of particulate material
such as tobacco, Kellog’s Rice Krispies etc. as described in
u.s. Patent No. 3782544,

An optical grading system (such as that described in US
4651144, Figure 1) may typically consist of a conveyor feed
system by which the material is transported. The material
cascades from the feed conveyor to a take-off conveyor. The
material as it cascades from one conveyor to the néxt passes
over a reference.back plate and 1is illuminated by a 1light
source. The Tlight source may be a pair of metal halide
Tamps or a fluorescent lamp operating at a high frequency or
by other known methods of illumination.

Thej illuminated material and reference plate are
optically scanned by a solid state camera and the video
signal processed by an electronic control system.

The known optical apparatus may consist of a single line
photo-diode array where the number of elements is determined
by the resolution required. The scan time or integration
time of the camera can be adjusted but for fast response is
set at 1 millisecond so that small particles can be detected
as they cascade past the scanning area.

The video-signal is smoothed and amplified before being

fed to a computer circuit which determines when a particle
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mustrbe rejectad. The output fromrthe cémputer is'fed to a
Togic circuit which activates the appfcpriate solenocid (from
1 to 64 zones) to reject the'partjc1e of -material as it
transfers to the take-off conveyor.

The background plate 1is used as a reference standard
against which the colour of the product is compared. The
colour of the reference 1is used as a divide between the
product that 1is to be accepted and the product to be
rejected.

There are three modes of grading which can be initiated.

The first mode is to reject all material that is darker
than the background reference. The acceptable product will
transfer to the take-off conveyor and the reject product
will be transferred to the reject bin/conveyor.

The second mode is to reject all product 1ighter than the
background reference.

In the third mode of operation all product which is
lighter or darker than the background reference will be
rejected.

An object of the invention 1is to provide an optical
scanning apparatus 1in which the level of detection of
unacceptable material is heightened.

A further object is to provide apparatus which can reject
matefia] which 1is 1lighter, darker or a combination of
lighter and darker material compared with a reference

background.
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A further object of the 1nvent1§n is to. provide
electronic or optical means to compensate for the non-1inear
i.e. saucer shape or "smile" characteristic over the field
of view of the detector.

For optimum detection the optical detector should be most
sensitive at wavelengths which maximise the difference
between acceptable and reject product material. The use of
painted metals or other materials do not have the required
specific or repeatable optical characteristics.

According to the invention there is provided an apparatus
for detecting unacceptable material in a stream of
particulate material, including means to illuminate the
stream of material, scanning detector means arranged to
receive light reflected from the particles of material in
the stream and to distinguish the level of light refiected
from an unacceptable particle from the level from acceptable
pariic1es to produce an electrical ocutput signal indicative
of the position across the stream of that unacceptable
particle, comprising a light reflective background plate
disposed behind the stream from the detector means, and
means to illuminate thaf background plate with light in a
colour range corresponding to the colour of the acceptab1e

particles of material in the stream.

The invention will now be described by way of example

with reference to the accompanying drawings in which:
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FIGURE 1 is a schematic side view of ﬁhe grading system,

FIGURE 2 1is a perspective view o% the background plate
used in the present invention,.

FIGURE 3 shows characteristics of spectral response from
acceptable and unacceptable products;

FIGURE 4 is a characteristic of a video signal having

high and low level spikes including rejected material, and

FIGURE 5 1is a schematic block diagram of the

electric/electronic circuit for controlling rejects means in
response to detection of unacceptable materiail.

In a sjm11ar manner to the apparatus described in U.S.
Patent No. 4657144 there 1is provided a conveyor 12 for
delivering a stream of tobacco 11 containing unacceptabie
material such as foil, wrappings, 1labels, paper and/or
sfring or may be for delivering a cereal product containing
the occasional burnt or otherwise objectionable particle.
The'conveyor 12 is preferably a vibrating inclined conveyor
which vibrates the tobacco in a direction as shown by the
arrow in FIG. 1. Conveyor 12 ends above another conveyor
13, which can be an ordinary conveyor belt, and is spaced
vertically above conveyor 13 a sufficient distance to
accommodate the remainder of the apparatus described below.
As the stream 11 reaches the end of conveyor 12, it drops
under the influence of gravity in a cascade 14 to conveyor
13. Because conveyor 12 is inclined, the stream does not

have so great a horizontal velocity when it falls, so that

PCT/GB89/01489
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cascade 14 does not have any significant front-to-back
horizontal spread. | |

The cascade 14 is illuminated by light source 15 which is
preferably a pair of high-temperature 1lamps 20, such as
metal halide or other high-intensity discharge lamps, which
emit an increased percentage of their output at the desired
spectrum compared to ordinary incandescent Tlamps. The
illuminated area of cascade 14 is scanned by an optical
detector 16 having a matrix of electro-optical detectors
which is preferably a line-scan camera 21 having a lens 22
and a filter 23. Detector 16 is preferably kept in a
housing 24, having an aperture 25 opposite the lens 22 and
the filter 23. The scanning area is 1 meter wide by about
1 mm deep and is divided into 64 zones. The camera has a
2048 pixel matrix with a 28mm lens.

Arranged beneath the delivery end of the conveyor 12 and
‘behind the cascade 14 i.e. remote from the light source 20,
there is mounted a background plate assembly 36.

The background plate assembly 36 1is of a sandwich
construction with a clear polycarbonate (e.g. LEXAN, Trade
Mark) front 37 which 1is sandblasted to reduce specular
reflection. The middle éection 38 is a filter fiilm with
fixed optical characteristics to match the product to be
treated. The rear background plate 39 is of a flat white
material (e.g. PERPLAS, Trade Mark) to give a uniform

reflection of all light impinging on it.
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The light passes through the filter 38 and is reflected °
back through the filter. The colour o% the backéround plate
as seen from the back behind the material by the detector 16
is now the same as or similar to the co]bur of the product
‘at the chosen wavelength .

The filter 38 is thus selected so that the colour of the
acceptable product is at a reference level or background
colour aﬁd therefore undetectable by the optical system 16.
rThe signals detected from unacceptable material can be above
or below the reference. There are three options which can

- be selected; to reject objects darker than the }eference,
lighter than the reference or a combination of both.

To illustrate this invention by way of a specific example
in the grading of Kellog’s Rice Krisbies, the spectral
response of the product both good and poor and that of the
selected filter is shown in FIGURE 3.

The characteristic of a high quality Rice Krispie or
corﬁf]ake is shown as curve A, whilst a pale example 1s
shown as curve B. By selecting a filter 23 having a
wavelength range (see curve C) compatible with the portion
of the curves where they diverge, say in the region of 550-
650 A small changes can be detected. This contrasts with a
bilack background where this would result in large dynamic
changes in the signal which would not necéssari]y represent
an Qnacceptab]e particle. With the use of a broader filter

spectrum, extending over the whole range (from 400 - 670 A



WO 90/06819 PCT/GB89/01489

7
1n Figure 3) no aifference would be observed between good
and bad products. '

The background plate as described enables high and low
amplitude changes to be detected.

The video signals with background reference, acceptable
product and reject product are represented in Fig. 4. The
video signal is fed to control electronics 40 (described in
greater detail below) where it is amplified, smoothed and
fed to a comparator which is set to reject all material
darker, lighter, or with lighter and darker than a desired
level. | ‘

When detector 16 detects foreign material, the control
electronics 40 sends a signal to the appropriate one or more
solenoid valves 26, all as described below. Valve 26 1is
connected at 27 to a source of high pressure fluid which is
preferably air at approximately 80 psi, although other
gases, such as steém, or liquids, such as water, can be
used. A deflection bar 28 is situated below detector 16
adjacent cascade 14. The bar 28 is hollow, and is divided
internally into chambers 28 having holes 29 for directing
air against cascade 14. Each chamber 28 is supplied by one
of the valves 26 through tubes 19. When one of valves 26
opens in response to a signal, a blast of air A is directed
by the deflection bar 28 against that portion of cascade 14
in which the unacceptable material was detected to force

that portion 17 of the tobacco with the unacceptable
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material to fall into a receptacle 18.-

The control electronics 40 will now be descf1bed: The
scanning device 42 is arranéed to provide a video signal on
the line 70, corresponding to the light intensity reflected
from the material in a singie line scan across the cascade
14. The scanning device 42 also pzovides a synchronisation
pulse on the line 71 to coincide with the commencement of
the video signal 1ine on the line 70. The sync pulse 1s
passed to a decoder 72 which embodies a counper arranged to
divide the time interval of the video line into a series of
elements, 1in this embddiment 64, to divide the width of the
cascade 14 in effect into 64 bands or strips. The counter
is started by the sync pulse on line 71. The video signal
is passed to an amplifier 73 the gain of which is controlled
by control means 74, 1in dependence from the count from the
counter in the decoder 72, indicative of the instantaneous
position across the cascade that is represented by that
instant in the video signal. By this means the response of
the scanning device may be corrected to make 1£
substantially linear despite the effects of uneven
illumination of the dindividual sensors of the scanning
device 42 and of scanning geometry, which would otherwise
‘tend to make the scanning device more sensitive at the
centre of the cascade than at the sides.

The decoder 72 provides an output on the line 75 during

the scan time of the video signal on the line 70 to activate
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a sampling means 78 which stores the céntent of ;he video
signal passed to it from the amp1ifﬁer 73. An averaging
device 77 produces a backgro&nd compensation signal from
averaging the video signal stored in the sample device 76,
and a signal representative of the average output of the
scanning device 42 1is passed to a summing amplifier
indicated at 78, together with a pre-set value for a
detection threshold which is set on the line 79. The output
of the summing amplifier 78, and of the amplifier 73, are
passed to a comparator 80, so that when the video signal
from the scanning device 42 exceeds a pre-set tﬁresho1d
above the background output, the comparator 80 gives an
output signal on the Tine 81.

Thus when foreign matter is detected by the scanning
.device, by giving a video output markedly different from the
background level, a matter detected signal occurs on the
1ine 81. The count from the counter in the decodef 72 is
also passed on the a line 82 to a band or strip decoding
means: 83, 1in conjunction with the unacceptable matter
detected signal on the 1line 81, so that a corresponding
signal occurs on an approprjate one of a series of parailel
outputs 84, which corresponds to the band or strip across
the cascade at which the unacceptable matter was detected.

The outputs 84 are each connected to a respective one of
the series parallel shift registers indicated by the block

85. These shift registers are each clocked to carry any
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1npbut signal along their logical length., 1n synchronism with
the speed of the material: so that an output oécurs, on one
of the series of paraiTé] Tines 86, at an instant
corresponding to the arrival of detected unacceptable matter
at the ejection stage.

The output l1ines 86 are connected through driver circuits
in the block 87 to the solenoids to control the valves 26,
so fhat the appropriate one is energised to eject the
detected unacceptable matter. Pre-set means indicated at 88
may be used to alter the starting point in any of the shift
registers of the block 85, to adjust the operation delay of
the valves 26 (e.g. 10 to 500 us) when setting up the
machine in use. Similar means 89 may be provided for
controlling the length of time (e.g. 20-100 ms.) that the
valves 26 are operated thus to control the length of air
blast during rejection of a particile.
. In-an alternative embodiment, the effects of uneven
illumination of the individual sensors of the séanning
device may be compensated by providing a series of filters
between the 1ight source and the cascade, the filters being
selected to produce a uniform video signal across the scan
width. The filters may be neutral or of wavelengths
compatible with the product.

;nstéad of providing a filter of a wavelength compatibile
with the wavelength of the filter of the scanning device it

is possibie to provide 1lamps which give the desired

o
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wavelength range. The fi1lter of the camera may 1n this case
be omitted. 1In such an alternative, the background plate
may take the form of a coating on a substrate or may be a
mirror.

Preferably a single white 1light source is provided which
serves to illuminate both the cascade and the background
plate. However, separate sources may be used to illuminate
respectively the cascade material and the background plate.

In the prefered example the wavelength extends beyond
each end of the visible wavelength i.e. from 0.3 to 1.2

microns but any suitable range may be selected.
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CLAIMS

1. Apparatus for detecting unacCepfab]e matér1ai in a
stream of particulate material, including means (20) to
illuminate the stream of mater1a], scanning detector means
(16) arranged to receive light reflected from the particles
of material in the stream and to distinguish the level of
light reflected from an unaccentable particle from the leve]
from acceptable particles to produce an electrical output
signal indicative of the position across the stream of that
unacceptable particle, comprising a 1ight reflective
background plate (36) disposed behind the stream ?rom the
. detector means, and means (20) to illuminate that
background'p1ate with light in a colour range corresponding
to the coiour of the acceptable particles of material in the
stream.

2. Apparatus as claimed in claim 1, wherein said background
plate includes filter means (12) for limiting the reflected
tight to a wavelength compatible with the wavelength range
of said detecting means.

3. Apparatus as claimed in claim 1 or 2, wherein said
detecting means (16) has an optimum wavelength response 1in
the range of wavelength wherein the difference between the
reflectivity of unacceptable material and the reflectivity
of acceptable material is negative.

4. Apparatus as claimed in claims 1, 2 or 3, wherein the

background piate (36) comprises an assembly having a rear

(»
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layer (39) of white opaque plastics material, a front layer
(37) of <clear plastics Vmater1a1 Qith a frosted or
sandblasted front surface, and a filter film (38) sandwiched
between said front and rear layers.
5. Apparatus as claimed in claim 1, wherein the means (20)
to illuminate the stream of material provides a light beam
having a wavelength range compatible with the wavelength
range of the detecting means.
6. Apparatus as claimed in claim 5, wherein filter means
determining said wavelength 1is provided in the 1ight path
from said illuminating means to said stream. |
7. Apparatus as claimed in any one of claims 1 - 6, wherein
said scanning detector means includes control means (40) for
comparing the 1light reflected from said 1ililuminated
particulate matter containing unacceptable material with the
light reflected from the background plate (36) for
generating said signal when said reflected light indicates
the presence of unacceptable material.
8. Apparatus as claimed 1in claim 7, wherein said control
means include a signal amplifier (73), and a comparator (80)
which is settable to give an output reject signal in the
event that material is darker, lighter or both lighter and
darker than a desired level.
9. Apparatus as claimed 1in claim 7 or 8, including
deflecting means adapted to direct a blast of fluid under

pressure at a portion of said stream of particulate matter
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when said control means determines that unacceptable
material 1s present 1n 'said portion of safd Stream of
particulate matter, said'b]ast of f]qid deflecting said
unacceptable material from said stream.

10. Apparatus as claimed in any one of claims 1 to
9,including first conveying means (12) for delivering a
stream of particulate matter containing unacceptabie
material to said apparatus: Second conveying means (13)
located be]owr and spaced vertically from said first
conveying means for conveying said stream of particulate
matter is transferred from said first conveyiné means to
said second conveying means by falling therebetween under
the infiluence of gravity 1in a turbulent cascade; said
illuminating means serving to illuminate said turbulent
cascade of particulate matter while it is falling between
said first and second conveying means: said background
blate (36) being arranged beneath the delivery end of the
conveyor means (12) and behind the region of the cascade
remote from the illuminating means (20).

11. Apparatus as claimed in any one of claim 1 - 1o, wherein
thermeans (2) to illuminate the Stream of material and the
means to illuminate the background plate (36) comprise a’

common 1light source (20).
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