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1
GLASS SORTER

BACKGROUND OF THE INVENTION

The invention provides a method and apparatus for
purification and color sortation of waste glass, a glass
beneficiation process and apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of an apparatus for pro-
cessing broken and whole glass containers.

FIG. 2 is a more detailed schematic diagram of the
glass sorter shown in FIG. 1.

FIG. 3 is a more detailed view of a sorter and control
system used in the embodiment in FIG. 1.

FIG. 4 is a schematic illustration of part of the clcc-
tronic controls of a glass sorter.

FIG. § illustrates a control panel to a control ‘console
used in a glass sorter.

FIG. 6 is a data flow diagram of a glass sorter.

FIG. 7 is a flow chart of a sample task.

FIGS. 8A and 8B are a flow chart of the image pro-
cessing task.

FIG. 9 illustrates an undithered glass sorter.

FIG. 10 illustrates a dithered glass sorter.

FIG. 11 illustrates another embodiment of a glass
sorter.

FIG. 12 illustrates another embodiment of a glass
sorter.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In FIG. 1 a loader/feeder 10 provides a continuous
load or discrete loads of whole and broken glass con-
tainers to a magnetic sorter 11. The magnetic sorter 11
uses magnets to remove magnetic objects such as cans
and lids from the load. The load then is passed to a
crusher 12, which crushes broken and whole giass con-
tainers into pieces of glass. The load then is passed to a
delabler 13, which removes pieces of labels from the
pieces of glass in the load. The load is then passed
through a sizing and scalping screen 14, which separates
particles in the load by size. Particles that are too small,
less than § inch, such as dust or sand are removed from
the load as waste. Particles that are too large, greater
than 3 inches, are sent back to the crusher 12. The re-
maining load is then passed to a glass sorter 15, which
comprises an opaque purifier (sorter) 16, a green sorter
17, and a brown sorter 18.

FIG. 2 is a more detail schematic diagram of the glass
sorter 15. A vibratory feeder 20 is adjacent to the
opaque purifier 16. The opaque sorter 16 comprises a
first conveyor 21 with a first end and a second end
wherein the first end of the first conveyor 21 is adjacent
to the vibratory feeder 20, a first lamp array 22 adjacent
to the second end of the first conveyor 21 a first sensor
array 23 adjacent to the first lamp array 23, and a first
ejector array 24 adjacent to the first sensor array 23.
The green sorter 17 comprises a second conveyor 27
with a first end and a second end, wherein the first end
of the second conveyor 27 is adjacent to the first ejector
array 24, a second lamp array 28 adjacent to a second
end of the second conveyor 27 a second sensor array 29
adjacent to the second lamp array 28, and a second
ejector array 30 adjacent to the second sensor array 29.
The brown sorter 18 comprises a third conveyor 33
with a first end and a second end, wherein the first end
of the third conveyor 33 is adjacent to the second ejec-
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2
tor array 30, a third lamp array 34 adjacent to a second
end of the third conveyor 33 a third sensor array 35
adjacent to the third lamp array 34, and a third ejector
array 36 adjacent to the third sensor array 35.

FIG. 3 illustrates a more detailed view of part of the
brown sorter 18. In the preferred embodiment, each
lamp 48 of the lamp array 34 comprises a green light
emitting means 73 and a red light emitting means 74. In
the preferred embodiment the green light emitting
means 73 and the red light emitting means 74 are
HBG5066X green and red LED’s sold by Stanley Sales
of Irvine, California. Each sensor 49 in the third sensor
array 35 are SD-076-12-22-001 photo sensors sold by
Silicon Detector Corporation of Camarillo, Calif. Each
actuator 50 in the third ejector array comprises a 35A-
EAEDDFJaKE-M599 pneumatic solenoid 120 manu-
factured by Mac Valves and a model 354 air jet guide
125 manufactured by Adams. The green sorter 17 and
the opaque sorter 16 may be made of the same compo-
nent parts.

FIG. 4 is a schematic illustration of the electronic
controls of the brown sorter 18. In the preferred em-
bodiment a control console 39 is electrically connected
to four control modules 41, 42, 43 and 44. The first
control module 41 is electrically connected to a first
bank of lamps 48, a first bank of sensors 49, and a first
bank of actuators 50. Each bank has sixteen items, there-
fore the first bank of lamps 48 has sixteen lamps. The
second control module 42 is electrically connected to a
second bank of lamps 52, a second bank of sensors 53,
and a second bank of actuators 54. The third control
module 43 is electrically connected to a third bank of
lamps 56, a third bank of sensors 57, and a third bank of
actuators 58 The fourth control module 44 is electri-
cally connected to a fourth bank of lamps 60, a fourth
bank of sensors 6 1, and a fourth bank of actuators 62. In
this embodiment, the first, second, third, and forth bank
of lamps 48, 52, 56 and 60 form the third lamp array 34,
the first, second, third, and fourth banks of sensors 49,
53, 57, and 61 form the third sensor array 35, and the
first, second, third, and fourth actuators 50, 54, 58 and
62 form the third ejector array 36. Each lamp, sensor, -
and ejector represents a channel. Each channel repre-
sents a strip 0.25 inches wide. Since the brown sorter 18
has sixty four channels, the brown sorter 18 handles a
sorting conveyor 16 inches wide. The opaque and green
sorters 16, 17 have electronic controls identical to the
brown sorter 18.

FIG. § illustrates the control panel 64 to the control
console 39. The control panel comprises a power switch
65, an opaque actuator control 66, a green actuator
control 70, and a brown actuator control 71, an opaque
sensitivity control 67, a green sensitivity control 68, and
a brown sensitivity control 69. The control panels of the
control consoles of the opaque and green sorters 16, 17
are identical to the control panel 64 of the brown sorter
18.

In operation, a load of glass is introduced by the
loader feeder 10 to the magnetic sorter 11. The mag-
netic sorter 11, uses magnets to remove magnetic mate-
rial such as lids and cans from the load. The load is then
transferred to the crusher 12, which crushes the glass in
the load. The load is then transferred to the delabeler
13, which removes labels from the glass. The load is
then transferred to the sizing and scalping screen, which
removes pieces that are too small, returns pieces that are
too large to the crusher 12, and feeds the remaining load
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to the first end of the first conveyor 21 of the opaque
purifier 16. The first conveyor 21 conveys the glass to a
position above and directs the glass between the first
lamp array 22 and the first sensor array 23. The direc-
tion by the conveyor between the first lamp and sensor
arrays 22, 23 is the falling of the glass along a trajectory.
The first lamp array 22 directs light through the glass to
the first sensor array 23, the information is processed as
described below, and the first ejector array 24 ejects
opaque materials from the path of flow. Material not
ejected fall on the first end of the second conveyor 27,
which directs the glass to a point above and then be-
tween the second lamp array 28 and the second sensor
array 29. The second lamp array 28 directs light
through the glass to the second sensor array 29 and the
second ejector array deflects green glass out of the
flow, while the remaining glass falls onto the first end of
the third conveyor 33, which directs the glass to a point
above and then between the third lamp array 34 and the
third sensor array 35. The third lamp array 34 directs
light through the glass to the third sensor array 35 and
the third ejector array deflects brown glass out of the
flow, while the remaining glass, which is clear glass falls
into a clear glass area.

The computational load to process the signals de-
tected by the sensor to control the actuators is uneven
and “bursty”. Because of the uneven, bursty computa-
tional demands of the algorithm, the software is struc-
tured as a group of three intercommunicating tasks the
sample task, the actuation task and the image processing
task. The tasks are shown in the data flow diagram in
FIG. 6. Each task is scheduled for execution on a prior-
ity demand basis, with the background (Image Process-
ing) task given lowest priority. This allows tasks to be
asynchronously decoupled and thereby insures that

CPU cycles will be available when required for time--

critical operations. The priority assigned in the pre-
ferred embodiment is first priority given to the sample
task, second priority given to the actuation task and
third priority given to the image processing task. FIGS.
7, 8A, are flow charts of the sample and imaging cycles
which work together. First an initialization procedure
sets N=0O, M=0, and Opoint=0. N is the counter
used by the Sample Task. M is the counter used by the
Image Processing Task, and Opoint is the counter used
by the Actuation Task. After the initialization proce-
dure is completed the tasks begin.

The sample task comprises of the following proce-
dure, which is illustrated by the flow chart of FIG. 7
and which cycles through on a timed schedule. The
shorter the intervals between Sample Task cycles
means the better the spatial resolution. The maximum
frequency is limited by the speed of the processor. Each
Sample Task cycle goes through the following proce-
dure. ‘

For each detector J in the array,

1. Turn OFF all lights, and set J=1.

2. Turn on red LED emitter(J) and take a digital
sample from photo-sensor(J). Store the sample as R(2J-
1). Turn red LED emitter(J) off.

3. Turn on green LED emitter(J) and take a digital
sample from photo-sensor(J). Store the sample as G(2J-
1). Turn green LED emitter(J) off.

4. Turn on red LED emitter(J+1) and take a digital
sample from photo-sensor(J). Store the sample as R(2J).
Turn red LED emitter(J +1) off.
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4

S. Turn on green LED emitter(J+1) and take a digi-
tal sample from photo-sensor(J). Store the sample as
G(21). Turn green LED emitter(J +1) off.

6. Turn off all LEDs and take a digital sample from
photo-sensor(J). Store the sample as B(J).

7. Increment J=J 41

8. Repeat steps 2 to 7, until all photo-sensors have
been fully scanned.

9. When all photo-sensors have been fully scanned, N
(which is initialized to zero by the image processing task
when the system is started) is incremented and a signal
and the data are sent to the image processing task. The
sample task is then suspended until a set interval has
passed, and then the sample task is repeated.

FIG. 9, illustrates an undithered apparatus, where
data for a photo-sensor S(J) is gathered from a lamp
L) of red and green diodes. The spacing between
adjacent lights and adjacent sensors is labeled S. The
Nyquist theorem imposes a theoretical limit on the mini-
mum particle size which can not slip between sampling
beams undetected. With an undithered scan, this size is
approximately equal to S (the sensor spacing). FIG. 10
illustrates a dithered apparatus where data for a photo-
sensor S(J) is gathered from two lamps L(J) and L(J+1)
of red and green diodes. The dithered scan improves the
resolution by a factor of 2 so that minimum particle size
is about S/2, (shown as w). This improves sorter perfor-
mance for small particles. The above sample sequence
uses a dithered scan using inputs from red and green
lights (J) and (J+1) as inputs to photo-sensor (J).

The Image Processing task performs a imaging opeéra-
tion for each multi-dimensional pixel thereby reducing
the overall volume of the data. The Image Processing
task is performed when the processor is available (not
performing a sample task cycle) and when data is avail-
able in the Color Image Buffer from the Sample Task.
This is indicated when N>M. FIGS. 8A and 8B are a
flow chart of the process used to perform the imaging
operation.

The image processing task consists of the following
logical steps: .

1. The color image circular output pointer is com-
pared with the input pointer (N=M?). If they are
equal, then the task suspends itself for a short per-
iod of time and restarts itself beginning at this step.
As soon as the pointers are no longer equal, then
the Image Task is allowed to proceed.

2. At occasional intervals (embedded in the task sus-
pension procedure in the preferred embodiment),
the control console is queried for the status of the
threshold selection controls. These status values
are used to update the variables Opaque_Thr,
Green_Thr, and Brown_Thr.

3. A row of sensor readings are input from the sensor
array, based on the position of the circular output
pointer.

4. A single “color pixel” is developed which consists
of a red sensor reading, a green sensor reading, and
a black sensor reading. The three readings can be
viewed as three dimensions, with the pixel being a
3-dimensional vector in the space. All three read-
ings were taken from the same sensor, within a
very short time of one another (typically a few
microseconds). These readings are extracted from
the Color Image as R(N), G(N), and B(N/2+1).

5. The color pixel is normalized through the follow-
ing transformations:
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Rnorm(N)=R(N)—B(N/2+ 1)

Gnorm(N)=GMN)—~B(N/2+1)

6

at the left of each row (382 ... 401)is a time-stamp, and
is expressed in milliseconds as measured from the start
of the test. Individual elements which have values
greater than 1.2 are underlined.

382 105 100 100 099 106 102 09 102 09 102 100 101 102 100 098 102
383 1.05 1.00 100 099 106 100 115 100 098 1.02 100 101 102 101 099 101
38¢ 105 100 099 099 104 099 210 102 099 101 100 101 101 100 099 1.01
0385 105 100 100 099 104 178 090 116 098 102 100 101 10f 100 098 101
386 105 100 100 099 135 549 116 115 099 1.02 100 101 101 100 099 102
387 105 100 100 099 Li0 100 124 131 099 102 100 101 101 101 095 102
388 106 100 100 099 110 162 127 157 099 102 100 101 101 100 099 102
389 105 100 100 099 121 170 137 154 099 102 100 101 102 101 099 102
390 105 099 100 099 124 170 1.58 126 098 102 100 100 101 101 099 102
391 105 100 100 099 133 1.8 157 157 105 102 099 101 101 100 099 102
392 105 100 100 099 099 205 152 144 130 1.02 100 100 101 100 09 10!
393 105 100 100 099 064 224 1.69 161 194 102 100 100 102 101 099 102
394 105 100 100 099 092 124 1.62 226 479 102 100 101 101 101 099 102
395 105 099 100 099 106 059 202 128 141 102 100 101 102 101 099 102
396 105 099 100 099 105 076 1.63 189 113 101 100 101 101 100 099 1.02
397 104 100 099 099 106 094 048 130 239 107 100 101 101 101 099 102
398 105 100 100 099 105 102 051 1.64 187 140 100 101 101 100 099 102
399 105 100 1.00 099 105 1.02 087 166 142 154 100 100 101 100 099 102
400 105 100 100 099 106 102 099 055 196 086 1.00 101 102 100 099 102
401 105 100 099 099 106 102 099 0.69 044 071 100 101 102 101 099 101
6. The opacity is measured as if (Rnorm(N)+- The shape and size of the brown cullet particle are

Gnorm(N) < Opaque_Thr)
el _Opaque

7. The Color is measured and classified. Appropriate
protection is made against underflow exceptions.

then  Label_Pix-

Color(N)=Rnorm(N)/Gnorm(N)

if Color(N)<Green_Thr then Label _Pixel .
Green

30

35

visible as an oblong blob with ragged edges.

The following table is a printout of the Actuation(N)
array and contains the same brown cullet image in the
previous table. The number at the left of each row (382
... 401) is the same time-stamp reference in the previous
table. Individual values are shown as either “1” or “0”,
with each zero corresponding to no actuation and each
one corresponding to an active actuation.

382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399

OO0 0ODOOODOLOOOO0OOQOCOOOO

401

D000 0OO0O0DO0O0OOO0OO0OOOOO

CODODOODDODODOODOOOOO
CO0O0O0OO0O0OO0ODO~O0O0O0O—~ODOOO
QOOOOQOQmim == === =000
OO OO Ot bt 1t 1t bt b et et ettt e OO
OO I kOt e, O == —m 00000
Ot st it Dt it it i OO OO OO OO OO
QO =000 OOOC
[~NeNeNoNeNeNeNoNeNeNoNoloNo ool ool
OO0 O0O0O0OOLOOOLOOOCOOO
OO0 DOO0O0OOLOOOOQOOOO0O0O0O0
DOO0OO0O0OO0OO0O00CO0ODOODOOOOO
DO0CCOOOOOOCODODO0DOO0O0CO
[eNoNeNol-NoloNaleNeloNoloNo NN ool Nl

if Color(N)<Brown_Thr then Label_Pixel .
Brown
8. The Green, Brown, and Opaque labelings are
stored as outputs in the Actuator Map.
9. The color image circular output pointer is ad-
vanced to discard the oldest row of color pixels.
10. The actuator circular input pointer is advanced to
indicate the successful addition of a new row of
labeled pixels.
11. Go back to step one, unconditionally.
The following table is a printout of a segment of a
Color(N) array. The elements were sampled as a brown
cullet fragment passed through the sensor. The number

60

65

The final software segment is called the Ejection
Task. It follows the logical flow described below.
1. The Ejection Task is periodically activated based
on elapsed time.
Three rows of classification pixels are input from
the actuator array. The proper row is identified by
the actuator circular output pointer plus a fixed
offset. The offset is correspond to the gravitational
time delay between the sensing area and the actua-
tion area.
. Individual pixels are considered one at a time on
the middle of the three rows. For each pixel in the
row, steps 4 through 9 are repeated.

2.






