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(57) ABSTRACT 

A system for sorting a mixed stream of different colored 
cullet into separate groups of same colored cullet comprises a 
light emitting source for transmitting light, Such as white 
light, through a cullet, and a camera having a plurality of 
pixels for receiving light transmitted through the cullet or 
detecting the absence of light blocked by an opaque contami 
nant, the camera providing at least one value from the light 
received, wherein the cutlet moves along a designated path 
based on the at least one value. The camera collects the 
received light at a desired sampling interval and a circuit 
converts the values into digital representation values. The 
circuit calculates a non-linear function from the digital rep 
resentation values. An electrostatic or fluid driving actuator 
directs the cullet along a deflected path based on a value of the 
non-linear function. A vibratory feeder provides the cullet 
onto a conveyer belt having an exit roller of a desired diam 
eter. 

144 

  

  

  



US 2008/O128336A1 Jun. 5, 2008 Sheet 1 of 7 Patent Application Publication 

„00 I 

a[npo W JOSUQS 

IS I 

  

  

  

  

  

  

  



Patent Application Publication Jun. 5, 2008 Sheet 2 of 7 US 2008/O128336A1 

120 

Light Emitting 
Module 1 

Actuator 1 Actuator 2 

110 - . 114 

r-112 - 
Trajectory Two a 

Trajectory Three Trajectory One 

116 18 

Fig. 1B 

  

    

  

  



US 2008/O128336A1 

Z [9 

Jun. 5, 2008 Sheet 3 of 7 

YHOLWRIGINGIO £{{OVLTO A HOIH 

Patent Application Publication 

  

  

  



Patent Application Publication Jun. 5, 2008 Sheet 4 of 7 US 2008/O128336A1 

99 
Mixed Material 

First Stage 
Tri-Sorter 

Second Stage 
Tri-Sorter 

218 214 

Rejected Material High Quality Third Stage 
Bin Flint Bin O Tri-Sorter 

222 
220 

224 

234 

High Quality 
Green Bin 

Fig. 2 

High Quality 
Brown Bin 

232 
Rejected Material 

Bin 

  

  

  

    

  

    

    



Patent Application Publication Jun. 5, 2008 Sheet 5 of 7 US 2008/O128336A1 

300 
99' 

98 

First Stage First Stage 
Tri-Sorter Tri-Sorter 

A. 302A B 3O2B 

3O8 W 318 
304 320 

316 Rejected 
Rejected Material 
Material Second Stage Bin 

Bin Tri-Sorter 

310 328 

330 

324 326 Rejected 
Material 

Bin 

Third Stage 
Tri-Sorter High Quality 332 

334 Flint Bin 

336 

338 

High Quality High Quality 346 
Green Bin Brown Bin 

Poor Quality 
Flint Bin * Fig. 3 

  

    

    

    

  



Patent Application Publication 

Cullets Placed in 
Mixed Material Bin 

Mixed Cullets Enter 
the First Stage Tri-Sorter 

First Stage Tri-Sorter 
Directs Undesired Cullets 
to the Rejected Material 

Bin 

Direct all Colored 
Glass to the Third 
Stage Tri-Sorter 

Direct all Clear Glass 
to the Second Stage 

Tri-Sorter 

Second Stage Tri-Sorter 
Sorts Received Cullets 

Second Stage Tri-Sorter 
Directs Undesired 
Cullets to Rejected 

Material Bin 

Second Stage Tri-Sorter 
Directs Colored Glass to 
the Third Stage Tri-Sorter 

Second Stage Tri-Sorter 
Remaining Clear Glass to 

High Quality Bin 

Jun. 5, 2008 Sheet 6 of 7 

400 

402 

404 

406 

408 

410 

412 

414 

416 

Cullets from the First Stage 
Tri-Sorter and the Second Stage 

Tri-Sorter 

Third Stage Tri-Sorter Identifies 
Received Cullets and Sorts into 

One of Three Paths 

Third Stage Tri-Sorter Further 
Directs Undesired Cullets 

to Rejection Bin 

Third Stage Tri-Sorter Directs 
Green Cullets to Green Cullet 

Bin 

Third Stage Tri-Sorter Directs 
Brown Cullets to Brown Cullet 

Bin 

Fig. 4 

Third Stage Tri-Sorter Receives 

US 2008/O128336A1 

418 

420 

422 

424 

426 

  

  

  

    

  

  



Patent Application Publication Jun. 5, 2008 Sheet 7 of 7 

Mixed Cullets are Placed into Mixed Material Bins 

Cullets from Mixed Material Bins Transported 
to First Stage Tri-Sorters A and B 

First Stage Tri-Sorter A and B Identify and Direct 
Undesired Cullets to Rejection Bins 

First Stage Tri-Sorters A and B Identify and Direct 
Green and Brown Cullets to Third Stage Tri-Sorter 

First Stage Tri-Sorters A and B Identify and Direct 
Clear Cullets to Second Stage Tri-Sorter 

Second Stage Tri-Sorter Receives Clear Cullets W 
from First Stage Tri-Sorters A and B 

Second Stage Tri-Sorter Identifies Directs 
Undersired Cullets to Rejected Material Bin 

Second Stage Tri-Sorter Identifies and Directs 
Green and Brown Cullets to Third Stage Tri-Sorter 

Second Stage Tri-Sorter Identifies and Directs 
Clear Cullets to Flint Bin 

Third Stage Tri-Sorter Receives Cullets from First 
Stage Tri-Sorters A and B and Second Stage Tri-Sorter 

Third Stage Tri-Sorter Identifies and Directs 
Undesired Cullets to Poor Quality Flint Bin 

Third Stage Tri-Sorter Identifies and Directs all Green 
Cullets to Green Cullet Bin 

Third Stage Tri-Sorter Identifies and Directs all Brown 
Cullets to Brown Cullet Bin 

500 

502 

504 

506 

508 

50 

512 

514 

S 16 

518 

520 

522 

524 

US 2008/O128336A1 

Fig. 5 



US 2008/O128336 A1 

METHOD OF AND APPARATUS FOR HIGH 
SPEED, HIGH QUALITY, CONTAMINANT 

REMOVAL AND COLOR SORTING OF GLASS 
CULLET 

RELATED APPLICATION 

0001. This patent application is a continuation-in-part of 
co-pending patent application Ser. No. 10/637,188, filed Aug. 
8, 2003, entitled “METHOD OF AND APPARATUS FOR 
MULTI-STAGE SORTING OF GLASS CULLETS which 
claims priority under 35 U.S.C. 119(e) of the U.S. Provisional 
Patent Application Ser. No. 60/403.297 filed Aug. 12, 2002, 
and entitled “GLASS SORTER'', both of which are hereby 
incorporated by reference. This patent application also claims 
priority under 35 U.S.C. 119(e) to the co-pending U.S. Pro 
visional Patent Application Ser. No. 60/493,297, filed Aug. 6, 
2003, and entitled “GLASS SORTER, which is hereby 
incorporated by reference. 

FIELD OF THE INVENTION 

0002 The invention relates to a method and apparatus for 
sorting glass in general, and specifically, to a method and 
apparatus for Sorting waste glass by color using a unique 
cullet color identification technique. 

BACKGROUND OF THE INVENTION 

0003 Currently, there is a need to preserve natural 
resources and reduce dependence on landfills and similar 
waste storage facilities. To meet this need, several processes 
and machines are used to identify and sort waste materials, 
Such as glass. Glass containers and other glass objects are 
recycled by first crushing or breaking the glass into glass 
cullet, which are Small pieces of glass of varying character 
istics that are distinguished by color. Prior to recycling, glass 
cullet of varying colors are placed on a conveyerbelt and need 
to be separated and sorted. 
0004. The colored cullet are then identified and sorted 
based on the respective color of the cullet. For example, a 
typical collection of glass cullet may include pieces of clear, 
red, green and blue color components and combinations as 
well as contaminants. Prior art glass sorting machines func 
tion by passing the pieces of cutlet (hereinafter referred to as 
“cullet') in a “waterfall between colored LED light sources 
and light sensors arranged to define a sensing area. The cullet 
have different color characteristics which attenuate the light 
emitted from the light source in different amounts. For 
instance, a red colored cullet passed between a series of red 
and green light sources is identified as a red cullet based on 
attenuated light characteristics. 
0005 U.S. Pat. No. 5,314,071 to Christian et al. teaches a 
method of purification and color sorting of waste glass as well 
as a glass beneficiation process and apparatus. Christian et al. 
teach a method of Sorting glass based on the transmission 
properties of the glass using red and green lamps. In addition, 
Christian et al. detail a method of using an actuator to deflect 
the trajectory of the glass. The deflection causes the glass to 
descend into one of two paths, which is the undeflected tra 
jectory and the deflected trajectory. The specifics of the prior 
sorting system is taught and described in U.S. Pat. No. 5,314, 
071 to Christian et. al., which is hereby incorporated by ref 
CCC. 

0006. As full scale beneficiation has become more preva 
lent, the disadvantages of the system and method taught in 
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Christian et al. have been realized. First, the red and green 
lamps taught in Christian et al. limit the spectral response of 
the system. Glass entering the beneficiation plants contains 
shades of green, brown or blue that cannot be differentiated 
with a red and green lamp. The second disadvantage by the 
system taught in Christian et al., is that Christian et al. 
describe a means to deflect the trajectory of the descending 
glass with a single actuator, which is termed a binary sort. 
Therefore, the single actuator in Christian et al. performs 
several Sorting stages to arrive at a pure material. Additional 
sorting stages add cost, energy and time to the equipment and 
Sorting process. 
0007. In addition, the current actuators are air driven jets 
which shoot air at the cullet to deflect the cutlet into their 
desired trajectories. However, Small cullet having a dimen 
sion of less than 0.25 inches are unable to be properly sorted 
with air jets actuators due to the delay associated with air jet 
actuators. The valve within the air jet actuator is designed to 
require 3 to 5 milliseconds of pressure buildup before the 
actuator is able to discharge the adequate amount of forced air 
at the cullet. In addition, the compressibility characteristics of 
air prevents the actuator from quickly discharging and direct 
ing the compressed air to the falling cullet. Thus, the design 
and characteristics of air driven actuators cause the devices 
and the system in general to be relatively slow and inefficient. 

SUMMARY OF THE INVENTION 

0008. One aspect of the invention is directed to a system 
which sorts a mixed stream of different colored glass cullet 
into separate groups of same colored cullet. The system com 
prises at least one light emitting source which transmits at 
least one light of predetermined frequency through a glass 
cullet. The light emitting source preferably includes a white 
light source. The system comprises at least one camera which 
has a plurality of pixels that receive light which is transmitted 
through the glass cullet. The camera provides at least one 
value from the light received, wherein the cullet is directed 
along a designated path based on the at least one value. The 
camera collects the received light at a desired sampling inter 
val. The system comprises a circuit which converts the at least 
one value into a digital representation value and preferably 
calculates a non-linear function from the digital representa 
tion value. The system further comprises at least one actuator 
which directs the cullet along one or more deflected paths 
based on a value of the non-linear function. The at least one 
actuator preferably includes an air jet. In one embodiment, 
the actuator is an electrostatic actuator. In another embodi 
ment, the actuator projects a Substantially incompressible 
fluid toward the cullet. Preferably, the light emitting source is 
a white light Source. The system according to claim 1 further 
comprising a conveyer belt for transporting cullet to a light 
sensing region, the conveyerbelt coupled to a rotating mecha 
nism for driving the conveyer belt at a desired speed. The 
system includes a feeding mechanism configured to deliver a 
constant flow of cullet to the conveyer belt. 
0009. Another aspect of the invention is directed to a 
method of effectively sorting a group of different colored 
objects into separate groups of similar colored objects. The 
method comprises transmitting at least one light, preferably 
white light, through at least one object in a light sensing 
region. The method also comprises determining at least one 
light intensity value from the transmitted light in the light 
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sensing region. The method also comprises calculating a 
color value from the light intensity value. The method further 
comprises directing the at least one object to a path corre 
sponding with the color value, wherein the path deposits the 
object into a corresponding container. The method further 
comprises providing the at least one object to the light sensing 
region. The method further comprises receiving the light 
transmitted through the at least one object at a desired Sam 
pling interval. The method further comprises converting the 
at least one value into a digital representation value. The 
method further comprises calculating a non-linear function 
from at least one digital representation value. 
0010. In another aspect of the invention, a multi-level sort 
ing system which separates different colored cutlet into cullet 
having Substantially similar color characteristics. The system 
comprises means for transmitting at least one light through at 
least one cullet in a light sensing region. The system com 
prises means for determining at least one light intensity value 
from the transmitted light in the light sensing region. The 
system comprises means for calculating a color value from 
the at the least one light intensity value. The system comprises 
means for directing the at least one cullet to a desired path 
based on the color value. 

0011. In yet another aspect of the invention, a system 
which sorts a mixed stream of different colored objects, such 
as glass cullet, into separate groups of same colored objects. 
The system comprises a sorting device which further com 
prises at least one light emitting source which transmits at 
least one light of predetermined frequency, through at least 
one object and at least one camera which has a plurality of 
pixels to receive light that is transmitted through the at least 
one object. The light emitting source preferably includes a 
white light Source. The camera provides at least one value 
from the light received from at least one of the plurality of 
pixels, wherein the at least one object is directed along at least 
one designated output path based on the at least one value. 
The system includes at least one Subsequent Sorting device 
which receives the at least one object from the at least one 
designated output path. The Subsequent sorting device sorts 
the at least one object in the designated output path into a 
plurality of further sorted output feeds. In addition, at least 
one Subsequent sorting device is a final sorting device, 
wherein the final sorting device sorts one or more Subsequent 
input feeds into a plurality of final output feeds. At least one 
of the designated output paths contains objects of a desired 
color. In addition, at least one of the plurality of designated 
output paths contains undesired objects, wherein the undes 
ired objects are directed to a rejection bin. Also, at least one of 
the plurality of designated output paths contains flint objects. 
The final sorting device directs each of the plurality of final 
output feeds into a plurality of corresponding storage bins. 
The camera collects the received light at a desired sampling 
interval. The system further comprises a circuit which con 
verts the at least one value into a digital representation value 
and calculates a non-linear function from at least one digital 
representation value. The system further comprises at least 
one actuator, Such as an electrostatic or fluid driving actuator, 
which directs the cullet along one or more deflected paths 
based on a value of the non-linear function. The at least one 
actuator preferably includes an air jet. The system further 
comprises a conveyer belt which transports cullet to a light 
sensing region, whereby the conveyer belt is coupled to a 
rotating mechanism which drives the conveyer belt at a 
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desired speed. The system further comprises a feeding 
mechanism that is configured to deliver a constant flow of 
cullet to the conveyer belt. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1A illustrates a schematic of the preferred 
embodiment of the Sorting mechanism in accordance with the 
present invention. 
0013 FIG. 1B illustrates a schematic of another embodi 
ment of the Sorting mechanism inaccordance with the present 
invention. 
0014 FIG. 1C illustrates a schematic of an actuating 
device for use in the Sorting mechanism in accordance with 
the present invention. 
0015 FIG. 2 illustrates a three stage glass sorting system 
with tri-sorter mechanism in accordance with the present 
invention. 
0016 FIG. 3 illustrates a four stage glass sorting system 
with tri-sorter mechanism in accordance with the present 
invention. 
0017 FIG. 4 illustrates a flow chart of the sorting method 
in the three stage glass sorting system of the present inven 
tion. 
0018 FIG. 5 illustrates a flow chart of the sorting method 
in the four stage glass Sorting system of the present invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

(0019 FIG. 1A illustrates a schematic of the preferred 
embodiment of the sorting apparatus 100' in accordance with 
the present invention. As shown in FIG. 1A, the sorting device 
100' preferably includes a light emitting module 132 coupled 
to a sensor module 134, whereby the light emitting module 
132 and the sensor module 134 are positioned opposite from 
one another along the initial or sensing path of the cullet 97. 
A control module 142 is coupled to the sensor module 134 
and the actuator 136. In addition, a computer or other pro 
cessing module 144 is coupled to the control module 142, the 
sensor module 134 and the actuator 136. In one embodiment, 
the control module 142 and the processing module 144 are 
integrated into one component. 
0020. The actuator 136 manipulates the path of the falling 
cutlet 97 into a particular collection bin. The particular tra 
jectory path that the cullet is directed along is determined by 
the transmission properties of the cutlet 97 as well as the color 
sensed by the sensor module 134. As shown in FIG. 1A, the 
actuator 136 directs the cullet 97 in either of two trajectory 
paths 150, 152, whereby the trajectory path 152 directs the 
cullet 97 into a first collection bin 148, and the trajectory path 
150 directs the cutlet 97 into a second collection bin 146. The 
actuator 136 is positioned near the conveyer belt 138 and 
under the light sensing region as shown in FIG. 1A. The area 
which the cutlet 97 falls through substantially in front of the 
actuator 136 is the actuating region or Zone. Alternatively, as 
shown in FIG. 1B, the sorting device 100 includes a first 
actuator 106 and a second actuator 108 which are positioned 
opposite of one another on either side of the sensing path. The 
first actuator 106 and the second actuator 108 direct the cullet 
97 along one of the three trajectory paths 110, 112 and 114 
depending on the color of the cullet 97 as detected by the 
sensor module 104. The trajectory paths lead the cullet 97 into 
separate bins which are separated by mechanical separators 
116, 118. 
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0021. The sorting system of the present invention has a 
number of component Subsystems that work in conjunction 
with one another to effectively sort and filter the array of 
mixed cullet into the desired bins, whereby each bin collects 
the Substantially same colored cullet. It is apparent to one 
skilled in the art that the preprocessing and preparation stages 
are incorporated into the present system. The preprocessing 
and preparation stages preferably include a glass crushing 
operation, a glass washing operation, a sifting operation and 
a sorting preparation. A sifter (not shown) preferably removes 
the small undesirable shards of glass from the cullet that are to 
be sorted. The details of the sifter (not shown) are well known 
in the art and are not discussed in detail herein. 

0022. A vibratory feeder 151 feeds the cullet 97 onto a 
conveyerbelt 138 via an exit chute 133, whereby the conveyer 
belt 138 delivers the cullet 97 to the area to be sorted. The 
vibratory feeder 151 delivers a constant flow of cullet to the 
sorting system 100', such that the total weight of cullet 97 on 
the conveyer belt 138 is constant at any given time. The 
entrance to the exit chute 133 is preferably narrow compared 
to the width of the conveyer belt 138 to allow the cullet 97 to 
be spread out laterally as well as longitudinally over the belt 
138. 

0023 The conveyer belt 138 has an appropriate belt speed 
to accommodate efficient processing of the cullet 97. How 
ever, the speed of the conveyer belt 138 ensures that a cullet 
waterfall 97 passes through the light sensing region and actu 
ating regions at a given time. Preferably, the conveyor belt 
138 is moved at a speed of 40 inches per second. As the speed 
is increased, the available time to make a color decision is 
decreased. The cullet packing density on the conveyor belt, 
the belt speed and width are the primary factors determining 
the throughput of the system. For a range of particular sizes, 
processor capability, actuator speed, and Sorter geometry, 
there is a satisfactory range of belt speeds. The optimum belt 
speed is calculated from this range. Within the system of the 
present invention, the conveyor belt 138 can be moved at 
speeds in the range of 1 to 70 inches per second. 
0024. In addition, the conveyer belt 138 preferably 
includes a roller 140 at the end proximal to the light sensing 
region, whereby the roller 140 has a diameter smaller than 
existing rollers. Preferably, the diameter of the roller 140 is 
the same size as the size of the smallest expected cullet. In this 
manner, all sizes of particles will achieve approximately the 
same trajectory and velocity, and the difference will be more 
insensitive to belt speed. Alternatively, a roller 140 of any 
other appropriate diameter is utilized within the conveyor belt 
138. With large diameter rollers, the cullet 97 remains in 
contact with the belt and experiences movement in the clock 
wise direction of the roller as the cullet 97 approaches the 
light sensing region. In particular, as the cullet 97 approaches 
the light sensing region, the cullet 97 moves laterally and 
vertically due to being in contact with a larger roller. There 
fore, the velocity vector of the cullet 97 includes a substantial 
horizontal vector component which manipulates the cutlet 97 
along an undesired trajectory. In contrast, the roller 140 
within the diameter range specified above, prevents the cullet 
97 from following the surface of the roller 140 as the cullet 97 
begins to fall toward the light sensing region. Therefore, the 
preferred roller 140 causes the cullet 97 to easily separate 
from the conveyer belt 138 as the cullet 97 reaches the end of 
the belt 138 and falls toward the light sensing region. In 
addition, the smaller diameter roller 140 allows large and 
small cullet to follow the same waterfall trajectory, and the 
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color of the glass can be detected closer to the conveyor belt 
138. This closer distance allows precise control and less 
deviation of the velocity and position of the cutlet 97 as the 
cullet 97 falls along the trajectory path. 
(0025. Upon reaching the end of the conveyerbelt 138, the 
cullet 97 falls along the waterfall path through the light sens 
ing region, designated as the area between the light emitting 
module 132 and the sensor module 134. The light emitting 
module 132 is preferably a white light source which is con 
stantly on when the system is running. The light emitting 
module 132 is preferably coupled to the system power source 
Such that when the system power source is turned on, the light 
emitting module is turned on. Alternatively, the light emitting 
module 132 includes any number of light sources, such as 
light emitting diodes (LED), which emit any desired color or 
combination of colors. It is contemplated that the light emit 
ting module is capable of emitting light continuously, sequen 
tially and/or in regular intervals. 
0026. The preferred white light source within the light 
emitting module 132 uniformly emits all the frequency wave 
lengths in the light spectrum of interest. It is preferred that the 
white light source within the light emitting module 132 is a 
white LED source which emits light at a number of frequen 
cies, and which is positioned beneath the roller 140, as shown 
in FIG. 1A. Alternatively, the light source 132 is placed else 
where with respect to the conveyerbelt 138 and positioned to 
substantially face the sensor module 134. In an alternative 
embodiment, the white light source within the light emitting 
module 132 is a tubular bulb gas discharge lamp. The light 
emitted by the light source within the light emitting module 
132 is attenuated through the cullet 97, and the light trans 
mitted through the cullet 97 is sensed by the sensor module or 
light sensor 134. In the case of an opaque contaminant, the 
absence of light blocked by the contaminant is sensed by the 
sensor module or light sensor 134. 
0027. The sensor module 134 preferably includes a line 
scan or line array camera which includes three rows of 2098 
pixels each. In an alternate embodiment, the sensing module 
134 is any other appropriate camera device. Each individual 
row of pixels in the camera 134 is preferably designated for 
sensing a particular color transmitted through the cutlet 97. 
For instance, one row in the line array camera of the sensor 
module 134 is preferably sensitive to the intensity of red light, 
whereas the remaining two rows are correspondingly sensi 
tive to the intensity of green and blue light. Alternatively, the 
line array camera of the sensor module 134 senses pixels of 
other colored light. The line array camera of the sensor mod 
ule 134 preferably performs a sampling of the received light 
at regular intervals of 500 microseconds. Alternatively, the 
line array camera of the sensor module 134 performs the 
sampling of light at other desired timed intervals. 
0028. The line array camera of the sensor module 134 is 
preferably coupled to a frame grabber device 145. Alterna 
tively, the frame grabberdevice 145 is incorporated within the 
line array camera of the sensor module 134 or the processing 
module 144. The frame grabber device 145 receives the out 
put from the line array camera of the sensor module 134 in the 
form of analog signals which are representative of the inten 
sity of colored light of each pixel sensed by the line array 
camera of the sensor module 134. The frame grabber device 
145 converts the analog color intensity information into a 
digital representation for processing and analysis by the pro 
cessing module 144. The frame grabber device 145 provides 
a digital value of the color intensity information which is 
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preferably within the range of, and including, the digital 
values of 0 and 4095. In an alternative embodiment, the frame 
grabber device 145 is a digital frame grabber, whereby the 
digital frame grabber device 145 receives digital color inten 
sity information directly from the line array camera within the 
sensor module 134 or an analog-to-digital (A/D) converter. 
0029. The processing module 144 is coupled to the frame 
grabber device 145 and receives the digital pixel information 
from the frame grabber device 145. Generally, the processing 
module 144 analyzes the digital pixel information and deter 
mines the color of the cullet 97 therefrom. In particular, the 
processing module 144 analyzes the digital pixel information 
to determine whether the light sensed by the sensing module 
134 is white light directly from the white light source within 
the light emitting module 132 or colored light transmitted 
through the cullet 97. In addition, the processing module 144 
analyzes the digital pixel information to determine whether 
any light at all was sensed by the sensing module 134. In the 
case where little or no light was sensed by the line array 
camera within the sensor module 134, the processing module 
144 will conclude that the particular cullet 97 is opaque or has 
an impurity within. 
0030 The digital pixel information is analyzed by the 
processing module 144 to determine if the color-sensed is one 
of the colors of interest in the sorting process. The processing 
module 144 utilizes an algorithm to determine the color of the 
analyzed glass cullet, whereby the algorithm takes into 
account several different factors. The preferred algorithm is 
shown as: 

0031. As shown in the equation above, the value r, is the 
digital value of the pixels in the sensing module 134 which are 
sensitive to the received red light. The value g, is the digital 
value of the pixels in the sensing module 134 which are 
sensitive to the received green light. In addition, the value b, 
is the digital value of the pixels in the sensing module 134 
which are sensitive to received blue light. As stated above, the 
digital values of r, g, and b are preferably in the range between 
and include the values of 0 and 4095 and are preferably 
obtained from the frame grabber device 145. The denomina 
tor of this algorithm normalizes color discrimination to be 
independent of the total intensity (r-g+b) observed. 
0032. The preferred algorithm for detecting opaque 
objects is shown as: 

If it is determined using this opaque algorithm that the func 
tion is less than Zero, then the pixel is dark and the ejection 
valve should be turned on to eject the cullet from the stream. 
The threshold variable ko is preferably set high enough so that 
all the contaminants are ejected from the stream and land in 
the contaminant box and all the colored pieces remain within 
the stream of cullet to be further sorted. 
0033. The values of the variables ko, k, k, and k are 
determined empirically to provide the best performance of 
the Sorting system based on the color being detected by the 
sensor 104. Using the color algorithm above, when ejecting a 
specific color, Such as for example red, from the stream of 
cullet, the value of r will be big and the value of band g will 
be small, because ared cullet will pass red light and attenuate 
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blue and green light. For the maximum value of the fraction 
with ared cullet, the value ofr is set to 4000, the value of band 
g is set to Zero, k is set to 1, and k and k are both set to Zero. 
With these values, the fraction f is then equal to 1. If there is 
then ared cullet, with values ofr 3000, g=300 and b–300 and 
the variables are set to k=1, k=0.1, and k=0.1, the fraction 
f is equal to 0.85. If the variablesk, k, and k are the same 
and a green cullet is detected with values of r-300, g3000 
and b–300, the fraction f is then equal to 0.175. When there is 
nothing in the optical path, the values are equal to r=4000, 
g=4000 and b=4000. In this situation, with the same values 
for the variables, the fraction f is equal to 0.4. Using this 
analysis, a value of the fraction f over 0.5 would verify the 
detection of a red cullet. The processing module is preferably 
set to activate the actuator 136 to eject a particular cullet when 
the value of the fraction f is greater than Zero. Accordingly, in 
this situation, the value of ko is set to -0.5. So that anything 
over a zero will be ejected as a red cullet. 
0034. A similar analysis is applied to the detection of any 
other color or combination of colors. Presenting sample glass 
of different colors to the camera, and recording the camera 
measurements for known colors of glass, determine the value 
of the variables kok, k, and k. The values of the variables 
kok, k, and k are then adjusted incrementally to optimize 
the discrimination of the system between colors. The values 
of the variables kok, k, and k are preferably different for 
each separation step. 
0035. Preferably, the processing module 144 maintains a 
circular array of storing flags which indicate whether the 
actuator 136 should be activated to eject a particular cullet 
within the light sensing region. The array is preferably as 
wide as the number of actuators 136. In addition, the array is 
preferably as long as the number of line scans which the line 
array camera within the sensor module 134 performs in the 
time that the cullet 97 falls from location of the sensing 
module 134 to the location of the actuator 136. After each 
camera line Scan, the results of the color data analysis are 
stored in the line of an eject flag array at the location of the 
input pointer to the array. The input pointer is then moved to 
the next location along the entire Scanline. After each camera 
line Scan, the output pointer to the array is moved to the next 
line. If any eject flags are present in the corresponding 
scanned array line, a signal is sent to the actuator 136, and the 
corresponding actuator 136 is activated. 
0036. Once the color of the passing cullet 97 is identified, 
the control module 142 activates the actuator 136 to deflect 
the cullet 97 into a desired trajectory path 150. Alternatively, 
the control module 142 does not activate the actuator 136, 
whereby the cullet 97 merely continues along the initial tra 
jectory path 152. In the preferred embodiment, when the 
processing module 144 determines that the function, f of the 
above equation is greater than 0, the processing module 144 
concludes that the color sensed by the sensing module 134 is 
transmitted through a cullet 97 which is desired to be removed 
from the initial trajectory path and is therefore deflected. In 
contrast, when the processing module 144 determines that the 
functions is less than or equal to 0, the control module 142 
will not instruct the actuator 136 to activate and will allow the 
cullet 97 to travel along the initial trajectory path, unde 
flected. 

0037. The actuator 136 of the present invention is prefer 
ably a fluid driving device. A fluid driving actuator 136 oper 
ates at a Substantially faster rate than typical air jets and does 
not suffer from material compressibility issues which exist 
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with air actuators. A fluid driving actuator 136 preferably 
projects a substantially incompressible fluid toward the cullet 
97 as the cullet falls along the path through the actuating Zone. 
Preferably, the actuator 136 directs recycled water at the 
cullet 97, although other fluids are alternatively contem 
plated. Piezoelectric valves are preferably utilized within the 
fluid driving actuator 136 to control the speed and volume of 
the liquid directed at the cutlet 97 at a particular time. In one 
embodiment, the piezoelectric valves within the actuator 136 
allow an amount of fluid equal to a few picoliters to be 
discharged from the actuator 136. The preferred actuator 136 
therefore is configured to propel Small cutlet particles in a 
selective and accurate manner. 

0038. As shown in FIG. 1C, the actuator 606 of the present 
invention is alternatively an electrostatic device, whereby the 
electrostatic actuator 606 operates at a substantially faster 
rate than typical air jets. Similar to a fluid driving actuator, the 
electrostatic actuator does not suffer from compressibility 
issues in air driven actuators. The electrostatic actuating 
device 606 utilizes electrostatically charged cullet 97 having 
a desired polarity, whereby the actuating device 606 either 
generates a same or opposite polarity to influence the cullet 97 
to fall along a desired trajectory. The system 600 charges the 
cutlet 97 by applying a high voltage to the cullet 97. In one 
embodiment, a high Voltage generator component 610 elec 
trically charges the cullet 97 along the conveyer belt 608. In 
another embodiment, the cullet 97 are charged along the 
conveyer belt 608. The details of how cullet are polarized or 
charged are well known in the art and are not discussed 
herein. 

0039. As shown in FIG. 1C, the electrostatic actuating 
device 606 preferably includes pairs of metal plates 606A, 
606B separated by a distance and aligned parallel to one 
another. Preferably, the metal plates are printed on a printed 
circuit board and of a size approximately the size of the 
expected cullet to be separated. Alternatively, the two plates 
606A, 606B are aligned non-parallel to one another. A power 
source 606C is coupled to the two plates 606A, 606B and 
provides a Voltage to charge the plates to a desired electrical 
potential. The charged cullet 97 passes through the light 
sensing region between the light source 602 and the sensing 
module 604 and then falls along the path through the actua 
tion region between the plates 606A, 606B. The plates 606A, 
606B are individually or collectively charged to attract or 
repel the charged cullet 97 to deflect the cullet 97. Based on 
the instructions provided by the processing module 614, the 
plates 606A, 606B are energized to a desired polarity to direct 
the charged cullet 97 to the appropriate bin. For example, as 
shown in FIG. 1C, a negatively charged cullet 97" will be 
attracted toward the left plate 606A, which is positively 
charged, and repelled by the right plate 606B, which is nega 
tively charged. The charged cullet 97" will therefore be 
deflected by the charged plates 606A, 606B toward the bin 
612. In the event that the processor 615 determines that the 
charged cullet 97 is to be directed to the bin 614, a reverse 
voltage is applied to the plates 606A, 606B. The plate 606A 
will thereby be positively charged and the plate 606B will be 
negatively charged. Therefore, the repelling force of the nega 
tively charged plate 606A will aid in directing the cullet 97 to 
the bin 614. 

0040. The amount of deflection that the charged cullet 97 
undergoes is proportionate with the how highly the cullet 97 
is charged and the strength of the electrical field across the 
plates 606A, 606B of the actuator 606. The strength of the 
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electrical field between the plates 606A, 606B is in proportion 
with the amount of voltage between the plates 606A, 606B as 
well as the distance between the plates 606A, 606B. Alterna 
tively, only one of the plates is charged to a desired polarity 
and the remaining plate is not charged. Alternatively, in a 
further alternate embodiment, it is also contemplated that 
neither plate 606A, 606B is charged, whereby the charged 
cullet 97 falls along the initial trajectory path to a correspond 
ing bin (not shown). 
0041 FIG. 2 illustrates a three stage glass sorting system 
200 with multiple tri-sorter mechanisms in accordance with 
the present invention. It should be noted that the description 
regarding the color identification techniques and actuators 
described above in relation to FIGS. 1A-1C is applicable to 
the sorting apparatus in FIGS. 2 and 3. As shown in FIG.2, the 
sorting system 200 includes a first stage tri-sorter 202 coupled 
to a second stage tri-sorter 210. The first stage tri-sorter 202 
and the second stage tri-sorter 210 are coupled to a rejected 
material bin 218 and a third stage tri-sorter 222. In addition, 
the second stage tri-sorter 210 is coupled to a high quality flint 
bin 220. The third stage tri-sorter 222 is coupled to a high 
quality green cullet bin 230, a poor quality flint bin 232 and a 
high quality brown cullet bin 234. 
0042. The operation of the three stage sorting system 200 
of the present invention will now be discussed in conjunction 
with the flow chart illustrated in FIG. 4. In particular, crushed 
glass is placed in the mixed material bin 99 at the step 400. It 
should be noted that the objects in the mixed material bin 99 
preferably undergo preprocessing procedures discussed 
above before being placed in the mixed material bin 99. The 
cullet are transported via a transporting mechanism, such as a 
conveyerbelt, from the mixed material bin 99 and fed into the 
first stage tri-sorter 202 at the step 402. The transport mecha 
nism used to deliver the cullet to the mixed material bin 99 can 
be any appropriate conventional type used or known in the art 
and is not discussed in detail herein. The ti-sorters discussed 
in each of the embodiments hereinafter preferably include the 
exit roller (FIG. 1A) discussed above to minimize sensing 
path problems. 
0043. The first stage tri-sorter 202 operates in the manner 
discussed above and deflects the cullet into one of three 
deflection or trajectory paths, 204, 206, 208. Using the pre 
ferred identification process discussed above, the first stage 
tri-sorter 202 deflects all the cullet identified as having unde 
sirable characteristics into the deflection path 204. The undes 
ired materials are thus deflected and fall into the rejected 
material bin 218 at the step 404. Such undesirable character 
istics or materials include, but are not limited to, opaque 
materials, ceramics, and glass with labels. It is apparent to one 
skilled in the art that any other materials can be identified as 
undesirable. 

0044) The first stage tri-sorter 202 also deflects all cullet 
identified as having green characteristics as well as cullet 
identified as having brown characteristics into deflection path 
208 from the mixed input at the step 406. Therefore, all the 
green and brown glass is deflected and directed via a conven 
tional transport mechanism to the third stage tri-sorter 222 for 
further processing, as discussed below. The first stage tri 
sorter 202 also directs all cullet identified as having clear 
characteristics to path 206, whereby the clear or flint glass is 
directed to the second stage tri-sorter 210, at the step 408, via 
a conventional transport mechanism. Preferably, the clear or 
flint glass is allowed to fall undeflected, whereby no actuation 
is applied to the flint glass by the first stage tri-sorter 202. 
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Alternatively, instead of allowing the cullet to fall unde 
flected, the identified clear glass is actuated and is deflected in 
a desired angled trajectory such as paths 204 or 208. 
0045. The second stage tri-sorter 210 receives the cullet 
fed into the path 206 from the first stage tri-sorter 202 at the 
step 410. In the present example, the majority of cullet fed 
into the second stage tri-sorter 210 have clear characteristics 
due to the operation performed by the first stage tri-sorter 202. 
Upon receiving the cullet from path 206, the second stage 
tri-sorter 210 identifies the received sorted cullet and further 
sorts and directs the identified cullet into one of the three 
trajectory paths, 212, 214, 216. Using the preferred identifi 
cation process discussed above, the second stage tri-sorter 
210 deflects all cullet identified as having undesirable char 
acteristics into the deflection path 212. The undesired mate 
rials are deflected and fall into the rejected material bin 218 at 
the step 412. Such undesirable characteristics or materials are 
mentioned above and any materials can be programmed to be 
identified as undesirable. 

0046. The second stage tri-sorter 210 also deflects all cul 
let identified as having green characteristics as well as cullet 
identified as having brown characteristics into the deflection 
path 216 at the step 414. Therefore, all green and brown glass 
cullet are deflected from the second stage tri-sorter 210 and 
directed to the third stage tri-sorter 222 via a conventional 
transport mechanism for further processing, as discussed 
below. The second stage tri-sorter 210 also directs all cullet 
identified as having clear characteristics to path 214, whereby 
the clear flint glass is directed to the high quality flint bin 220 
at the step 416. Preferably, the flint cullet are allowed to fall 
undeflected, whereby no actuation is applied to the flint cullet 
by the second stage tri-sorter 210. Alternatively, the identified 
clear flint cullet are actuated and are deflected in a desired 
trajectory, such as the paths 212 or 216. Therefore, the second 
stage tri-sorter 210 further sorts the cullet identified and 
sorted by the first stage tri-sorter 202. In this example, the 
second stage tri-sorter 210 sorts the remaining clear flint 
cullet out from the mixed material cullet into bin 220. It 
should be noted that although the clear flint cullet are sepa 
rated out completely by the second stage tri-sorter 210, it is 
apparent that any other desired glass can be completely sorted 
by the second stage tri-sorter, instead of clear flint cullet. 
0047. The third or final stage tri-sorter 222 shown in FIG. 
2 receives the cullet directed along the path 208 from the first 
stage tri-sorter 202 at the step 418. In addition, the third stage 
tri-sorter 222 receives the cullet directed along the path 216 
from the second stage tri-sorter 210 at the step 418. Prefer 
ably, the cullet received by the third stage tri-sorter 222 along 
the paths 208 and 216 are mixed green and brown cullet. In the 
present example, the majority of cullet fed into the third stage 
tri-sorter 222 have green and/or brown characteristics due to 
the operation performed by the first and second stage tri 
sorters 202, 210. However, the third stage tri-sorter may 
receive any other output feed of cullet from the first and/or 
second stage tri-sorter 202, 210. Upon receiving the mixed 
cullet from the paths 208 and 216, the third stage tri-sorter 
222 identifies the received cullet and sorts the identified cullet 
into one of the three trajectory paths, 224, 226 and 228 at the 
step 420. Using the identification process discussed above, 
the third stage tri-sorter 222 deflects all cullet identified as 
having undesirable characteristics into the path 226, whereby 
the undesired cullet are directed to the rejection bin 232 at the 
step 422. Such undesirable characteristics or materials are 
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mentioned above and any of the received materials can be 
programmed into the third stage tri-sorter to be identified and 
Sorted as undesirable. 

0048. The third stage tri-sorter 222 also identifies and sorts 
all cullet identified as having green characteristics into the 
deflection path 224, whereby the deflected green cullet are 
sent to the high quality green cullet bin 230 at the step 424. 
The third stage tri-sorter identifies and deflects all cullet iden 
tified as having brown characteristics into the deflection path 
228, whereby the deflected brown cullet are sent to the high 
quality brown cullet bin 234 at the step 426. Therefore, the 
third stage tri-sorter 222 further sorts the cullet already iden 
tified and sorted by the first and second stage tri-sorters 202, 
210, whereby the third stage tri-sorter 222 completely filters 
the green and brown cullet out from the mixed material. The 
multi-stage system 200 of the present invention thereby pro 
vides a more thorough sorting operation than previous sorting 
systems. Accordingly, the system 200 of the present invention 
utilizes Subsequent sorting devices to further sort the output 
from preceding Sorting devices, whereby the Subsequent sort 
ing devices direct the cullet into bins to have a homogenous 
collection of colored cullet. This allows each tri-sorter within 
the multi-stage system 200 to be optimized to sort glass with 
particular characteristics. For example, within the multi-stage 
system 200 of FIG. 2, the second stage tri-sorter 210 is opti 
mized to sort clear flint glass and the third stage tri-sorter 222 
is optimized to sort green and brown glass. 
0049 FIG. 3 illustrates a four stage glass sorting system 
300 with multiple tri-sorter mechanisms in accordance with 
the present invention. As shown in FIG. 3, the sorting system 
300 includes a first stage tri-sorter A302A and a first stage 
tri-sorter B 302B which preferably operate simultaneously 
with the other tri-sorters in the system 300. The first stage 
tri-sorter A302A is coupled to a rejection bin 310, a second 
stage tri-sorter 322 and a third stage tri-sorter 334. The first 
stage tri-sorter B302B is coupled to the third stage tri-sorter 
334, the second stage tri-sorter 322 as well as a rejection bin 
320. The second stage tri-sorter 322 is coupled to the third 
stage tri-sorter 334, a high quality flint bin 332 and a rejection 
bin 330. The third stage tri-sorter 334 is coupled to a high 
quality green cutlet bin 342, a rejection or poor quality flint 
bin 344 and a high quality brown cullet bin 346. 
0050. The operation of the four stage sorting system 300 
of the present invention will now be discussed in conjunction 
with the flow chart illustrated in FIG.5. In particular, crushed 
cullet or pieces, such as opaque, ceramics, glass with labels as 
well as colored glass, are placed in two mixed material bins 98 
and 99'at the step 500. It should be noted that the cullet in the 
mixed material bins 98.99 preferably undergo preprocessing 
procedures discussed above before being placed in the mixed 
material bins 98, 99'. The cullet from the mixed material bin 
98 are transported via a transporting mechanism to the first 
stage tri-sorter A302A at the step 502. In addition, cullet from 
the mixed material bin 99" are transported via a transporting 
mechanism to the first stage tri-sorter B302B at the step 502. 
As stated above, the transport mechanism can be any appro 
priate conventional type used or known in the art and is not 
discussed in detail herein. 

0051. The first stage tri-sorter A302A deflects the cullet 
into one of three deflection or trajectory paths, 304,306,308. 
Using the identification process discussed above, the first 
stage tri-sorter A302A deflects all cullet identified as having 
undesirable characteristics to the deflection path 304 and into 
the rejected material bin 310 (step 504). The first stage tri 
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sorter A 302A directs all cullet identified as having green 
characteristics as well as cullet identified as having brown 
characteristics into the path 306, whereby the cullet in path 
306 are directed to the third stage tri-sorter 334 at the step 506. 
Thus, all green and brown glass is directed to the third stage 
tri-sorter 334 via a conventional mechanism for further pro 
cessing, as discussed below. Preferably, the green and brown 
cullet are allowed to fall along the path 306 undeflected, 
whereby no actuation is applied to the cullet by the first stage 
tri-sorter A302A. Alternatively, instead of allowing the cullet 
to fall undeflected, the identified cutlet are actuated by the 
first stage tri-sorter A 302A and are deflected in a desired 
trajectory such as paths 304 or 308. The first stage tri-sorter A 
302A also directs all cullet identified as having clear charac 
teristics to path308, whereby the clear or flint glass is directed 
to the second stage tri-sorter 322, at the step 508 via a con 
ventional transport mechanism. 
0052 Preferably, the first stage tri-sorter B302B simulta 
neously operates along with first stage tri-sorter A302A. The 
cullet to be sorted are transported via a transporting mecha 
nism from the mixed material bin 99" to the first stage tri 
sorter B302B at the step 502. As stated above, the transport 
mechanism can be any appropriate conventional type used or 
known in the art and is not discussed in detail herein. The first 
stage tri-sorter B 302B deflects the cullet into one of three 
deflection or trajectory paths, 314, 316,318. Using the iden 
tification process discussed above, the first stage tri-sorter B 
302B deflects all cullet identified as having undesirable char 
acteristics to the deflection path 318 and into the rejected 
material bin 320 at the step 504. The first stage tri-sorter B 
302B directs all cullet identified as having green characteris 
tics as well as cullet identified as having brown characteristics 
into the path 314 at the step 506. Thus, all sorted green and 
brown glass is directed from the first stage tri-sorter B 302B 
to the third stage tri-sorter 334 via a conventional mechanism 
for further processing, as discussed below. The first stage 
tri-sorter B 302B also directs all cullet identified as having 
clear characteristics to the path.316, whereby the clear or flint 
glass is directed to the second stage tri-sorter 322 (step 508) 
via a conventional transport mechanism. Preferably, the flint 
cullet are allowed to fall undeflected along the trajectory path 
316, whereby no actuation is applied to the cullet by the first 
stage tri-sorter B302B. Alternatively, instead of allowing the 
flint cullet to fall undeflected, the identified flint cullet are 
actuated by the first stage tri-sorter B 302B to a desired 
trajectory such as paths 314 or 318. 
0053. The second stage tri-sorter 322 receives the cullet 
directed along the path 308 from the first stage tri-sorter A 
302A and along the path 316 from the first stage tri-sorter B 
302B at the step 510. Upon receiving the cullet from the paths 
308 and 316, the second stage tri-sorter 322 identifies the 
received cullet and further sorts and directs the identified 
cullet into one of three paths, 324, 326 and 328. Using the 
identification process discussed above, the second stage tri 
sorter 322 deflects all cullet identified as having undesirable 
characteristics along the deflection path 328. The details of 
the undesirable cullet are mentioned above. The undesired 
materials that are deflected into the path 328 fall into the 
rejected material bin 330 at the step 512. 
0054 The second stage tri-sorter 322 also deflects all cut 

let identified as having green characteristics as well as cullet 
identified as having brown characteristics into the deflection 
path 324 at the step 514. Therefore, all green and brown glass 
is deflected from the second stage tri-sorter 322 to the third 
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stage tri-Sorter 334 via a conventional transport mechanism 
for further processing, as discussed below. In the present 
example, the majority of cullet fed into the second stage 
tri-sorter 322 have clear characteristics from the sorting 
operation performed by the first stage tri-sorters A and B 
302A, 302B. The second stage tri-sorter 322 also directs all 
cullet identified as having clear characteristics to path 326, 
whereby the flint glass is directed to the high quality flint bin 
332 at the step 516. Preferably, the flint cullet are allowed to 
fall undeflected along the trajectory path 326, whereby no 
actuation is applied to the flint cullet by the second stage 
tri-sorter 322. Alternatively, the identified clear glass is actu 
ated and is deflected in a desired trajectory path Such as paths 
324 or 328. Thus, the second stage tri-sorter 322 further sorts 
the cullet already identified and sorted by the first stage tri 
sorters A and B 302A, 302B, thereby completely separating 
the flint cullet from the mixed collection. 

0055. The third or final stage tri-sorter 334 shown in FIG. 
3 receives the cullet directed along the paths 306,314 and 324 
from the first stage tri-sorters A and B302A, 302B and second 
stage tri-sorter 322, respectively at the step 518. Preferably, 
the cullet received in the third stage tri-sorter 334 along the 
paths 306, 314 and 324 are mixed green and brown cullet. In 
the present example, the majority of cullet fed into the third 
stage tri-sorter 334 have green and/or brown characteristics 
due to the operation performed by the first stage tri-sorters A 
and B 302A, 302B as well as the second stage tri-sorter 322. 
Upon receiving the green and brown cullet directed along the 
paths 306, 314 and 324, the third stage tri-sorter 334 further 
identifies and sorts the identified cullet into one of the three 
paths, 336, 338 and 340. Using the identification process 
discussed above, the third stage tri-sorter 334 allows all cullet 
identified as having undesirable characteristics to fall along 
the path.338 at the step 520, whereby the undesired cullet are 
directed to the rejected bin 344. Alternatively, instead of 
allowing the undesired cullet to fall undeflected, the undes 
ired cullet are actuated to a desired trajectory such as paths 
336 or 340. 

0056. The third stage ti-sorter 334 also identifies and sorts 
all cullet identified as having green characteristics into the 
deflection path 336, whereby the deflected green cullet are 
sent to the high quality green cullet bin 342 at the step 522. In 
addition, the third stage tri-sorter 334 identifies and deflects 
all cullet identified as having brown characteristics into the 
deflection path 340, whereby the deflected brown cullet are 
sent to the high quality brown cullet bin 346 at the step 524. 
Therefore, the third stage tri-sorter 334 further sorts the cullet 
already identified and sorted by the first and second stage 
tri-sorters 302A, 302B and 322, thereby completely separat 
ing all the green and brown cullet into their respective bins. 
Accordingly, the system 300 of the present invention utilizes 
Subsequent sorting devices to further sort the output from 
preceding sorting devices, whereby the Subsequent sorting 
devices direct the cullet into bins to have a homogenous 
collection of colored cullet. This allows for optimization of 
the sorting characteristics of each tri-sorter stage within the 
multi-stage system 300. 
0057 The scalability of the present sorting system allows 
for any Volume of cullet. Although the multi-sorting system 
described above is preferably utilized for glass cullet, it is 
apparent to one skilled in the art that the system is alterna 
tively used to sort other objects. It is understood by one skilled 
in the art that any number of tri-sorters are utilized in the 
system to sort the cullet into any number of bins. In addition, 
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the tri-sorters in the system 200, 300 may be positioned in any 
other configuration with respect to one another and is not 
limited to the configurations shown in FIGS. 2 and 3. In 
addition, the tri-sorters can be configured such that the cullet 
are deflected along a path different than those shown in FIGS. 
2 and 3. Further, it is understood that the tri-sorters may be 
positioned such that the undesired cullet are directed into one 
bin instead of multiple bins. For instance, the tri-sorters can 
be reconfigured or repositioned such that all the undesired 
cullet fall into one rejection bin, such as bin 344, instead of 
three rejection bins 310,320, and 344. In addition, although 
the steps are shown in a particular order in regards to the 
flowcharts in FIGS. 4 and 5, it should be noted that each 
tri-sorter is identifying and sorting the cullet simultaneously. 
0058. The present invention has been described interms of 
specific embodiments incorporating details to facilitate the 
understanding of the principles of construction and operation 
of the invention. Such reference herein to specific embodi 
ments and details thereof is not intended to limit the scope of 
the claims appended hereto. It will be apparent to those 
skilled in the art that modifications may be made in the 
embodiment chosen for illustration without departing from 
the spirit and scope of the invention. 

1. A system for sorting a mixed stream of different colored 
glass cullet into separate groups of same colored glass cullet 
comprising: 

a. at least one light emitting source for transmitting at least 
one light of predetermined frequency through a glass 
cullet; and 

b. at least one camera having a plurality of pixels for receiv 
ing light transmitted through the glass cullet, the camera 
providing at least one value from the light received from 
at least one of the plurality of pixels, wherein the cullet 
moves along a designated path based on the at least one 
value, further wherein the plurality of pixels are orga 
nized in a plurality of rows and each row is designated 
for sensing a particular color transmitted through the 
cullet. 

2. The system according to claim 1 wherein the at least one 
camera collects the received light at a desired sampling inter 
val. 

3. The system according to claim 2 further comprising a 
circuit for converting the at least one value into a digital 
representation value. 

4. The system according to claim 3 wherein the circuit 
calculates a non-linear function from at least one digital rep 
resentation value. 

5. The system according to claim 4 further comprising at 
least one actuator for directing the cullet along one or more 
deflected paths based on a value of the non-linear function. 

6. The system according to claim 5 wherein the at least one 
actuator includes an air jet. 

7. The system according to claim 5 wherein the at least one 
actuator is an electrostatic actuator. 

8. The system according to claim 5 wherein the at least one 
actuator projects a Substantially incompressible fluid toward 
the cullet to deflect the cullet. 

9. The system according to claim 1 wherein the light emit 
ting Source includes a white light source. 

10. The system according to claim 1 further comprising a 
conveyerbelt for transporting cullet to a light sensing region, 
the conveyerbelt coupled to a rotating mechanism for driving 
the conveyer belt at a desired speed. 
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11. The system according to claim 10 further comprising a 
feeding mechanism configured to deliver a constant flow of 
cullet to the conveyer belt. 

12. The system according to claim 1 wherein the light 
emitting source includes one or more of a red light emitting 
diode, agreenlight emitting diode, a blue light emitting diode 
and an infrared light Source. 

13. A method of effectively sorting a group of different 
colored objects into separate groups of similar colored 
objects comprising: 

a. transmitting at least one light through at least one object 
in a light sensing region; 

b. receiving the transmitted light utilizing a camera having 
a plurality of pixels, wherein the plurality of pixels are 
organized in a plurality of rows and each row is desig 
nated for sensing a particular color transmitted through 
an object; 

c. determining at least one light intensity value from the 
transmitted light in the light sensing region; 

d. generating a digital representation of the at least one 
light intensity value; and 

e. calculating a color value from the light intensity value. 
14. The method according to claim 13 further comprising 

directing the at least one object to a path corresponding with 
the color value. 

15. The method according to claim 13 further comprising 
providing the at least one object to the light sensing region. 

16. The method according to claim 14 wherein the path 
deposits the at least one object into a corresponding container. 

17. The method according to claim 13 wherein the at least 
one light includes a white light source. 

18. The method according to claim 13 wherein the at least 
one light includes one or more of a red light emitting diode, a 
green light emitting diode, a blue light emitting diode and an 
infrared light Source. 

19. The method according to claim 13 further comprising 
receiving the light transmitted through the at least one object. 

20. The method according to claim 19 wherein the received 
light is collected at a desired sampling interval. 

21. The method according to claim 20 further comprising 
converting the at least one value into a digital representation 
value. 

22. The method according to claim 21 further comprising 
calculating a non-linear function from at least one digital 
representation value. 

23. A multi-level sorting system for separating different 
colored cullet into cullet having substantially similar color 
characteristics comprising: 

a. means for transmitting at least one light through at least 
one cullet in a light sensing region; 

b. means for receiving the transmitted light the means for 
receiving comprising a camera having a plurality of 
pixels positioned to receive the transmitted light trans 
mitted from the means for transmitting, wherein the 
plurality of pixels are organized in a plurality of rows 
and each row is designated for sensing a particular color 
transmitted through an object; 

c. means for determining at least one light intensity value 
from the transmitted light in the light sensing region; 

d. means for calculating a color value from the at least one 
light intensity value; and 

e. means for directing the at least one cullet to a desired 
path based on the color value. 
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24. A system for sorting a mixed stream of different colored 
objects into separate groups of same colored objects compris 
ing: 

a. a sorting device further comprising: 
i. at least one light emitting source for transmitting at 

least one light of predetermined frequency through at 
least one object; and 

ii. at least one camera having a plurality of pixels for 
receiving light transmitted through the at least one 
object, the camera providing at least one value from 
the light received from at least one of the plurality of 
pixels, wherein the at least one object is directed along 
at least one designated output path based on the at 
least one value, further wherein the plurality of pixels 
are organized in a plurality of rows and each row is 
designated for sensing a particular color transmitted 
through an object; and 

b. at least one Subsequent sorting device for receiving the at 
least one object from the at least one designated output 
path. 

25. The system according to claim 24 wherein the at least 
one Subsequent Sorting device sorts the at least one object in 
the designated output path into a plurality of further sorted 
output feeds. 

26. The system according to claim 24 wherein the at least 
one Subsequent sorting device is a final sorting device, 
wherein the final sorting device sorts one or more Subsequent 
input feeds into a plurality of final output feeds. 

27. The system according to claim 24 wherein at least one 
of the designated output paths contains objects of a desired 
color. 

28. The system according to claim 24 wherein at least one 
of the plurality of designated output paths contains undesired 
objects, wherein the undesired objects are directed to a rejec 
tion bin. 

29. The system according to claim 28 wherein at least one 
of the plurality of designated output paths contains flint 
objects. 

30. The system according to claim 26 wherein the final 
sorting device directs each of the plurality of final output 
feeds into a plurality of corresponding storage bins. 

31. The system according to claim 24 wherein the objects 
are glass cullet. 

32. The system according to claim 24 wherein the light 
emitting source includes one or more of a red light emitting 
diode, agreenlight emitting diode, a blue light emitting diode 
and an infrared light Source. 

33. The system according to claim 24 wherein the light 
emitting source includes a white light Source. 

34. The system according to claim 24 wherein the at least 
one camera collects the received light at a desired sampling 
interval. 

35. The system according to claim 34 further comprising a 
circuit for converting the at least one value into a digital 
representation value. 

36. The system according to claim 35 wherein the circuit 
calculates a non-linear function from at least one digital rep 
resentation value. 

37. The system according to claim 36 further comprising at 
least one actuator for directing the cullet along one or more 
deflected paths based on a value of the non-linear function. 

38. The system according to claim 37 wherein the at least 
one actuator includes an air jet. 
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39. The system according to claim 37 wherein the at least 
one actuator is an electrostatic actuator. 

40. The system according to claim 37 wherein the at least 
one actuator is projects a Substantially incompressible fluid 
toward the cullet to deflect the cullet. 

41. The system according to claim 24 wherein the light 
emitting source includes a white light Source. 

42. The system according to claim 24 further comprising a 
conveyerbelt for transporting cullet to a light sensing region, 
the conveyerbelt coupled to a rotating mechanism for driving 
the conveyer belt at a desired speed, wherein the rotating 
mechanism is positioned proximal to the light emitting 
SOUC. 

43. The system according to claim 42 further comprising a 
feeding mechanism configured to deliver a constant flow of 
cullet to the conveyer belt. 

44. The system according to claim 24 wherein the light 
emitting source includes one or more of a red light emitting 
diode, agreenlight emitting diode, a blue light emitting diode 
and an infrared light Source. 

45. A system for sorting a mixed stream of different colored 
glass cullet into separate groups of same colored glass cullet 
comprising: 

a. at least one light emitting Source for transmitting at least 
one light of predetermined frequency through a glass 
cullet; 

b. at least one camera having a plurality of pixels for receiv 
ing light transmitted through the glass cullet, the camera 
providing at least one value from the light received from 
at least one of the plurality of pixels, wherein the cullet 
moves along a designated path based on the at least one 
value; and 

c. a plurality of sorting devices each for receiving an input 
feed of different colored objects and sorting the different 
colored objects into four output feeds, wherein the plu 
rality of Sorting devices operate simultaneously. 

46. The system of claim 45 wherein the four output feeds 
include a brown glass cullet bin, agreen glass cutlet bin, a flint 
glass cullet bin and a defect cullet bin. 

47. A system for sorting a mixed stream of different colored 
glass cullet into separate groups of same colored glass cullet 
comprising: 

a. at least one light emitting Source for transmitting at least 
one light of predetermined frequency through a glass 
cullet; 

b. at least one camera having a plurality of pixels for receiv 
ing light transmitted through the glass cullet, the camera 
providing at least one value from the light received from 
at least one of the plurality of pixels, wherein the cullet 
moves along a designated path based on the at least one 
value; and 

c. a sorting device for receiving an input feed of different 
colored objects and sorting the different colored objects 
into four output feeds. 

48. The system of claim 47 wherein the four output feeds 
include a brown glass cullet bin, agreen glass cullet bin, a flint 
glass cullet bin and a defect cullet bin. 

49. A system for sorting a mixed stream of different colored 
glass cullet into separate groups of same colored glass cullet 
comprising: 

a. at least one light emitting Source for transmitting at least 
one light of predetermined frequency through a glass 
cullet; and 
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b. at least one camera having a plurality of pixels for receiv- to a frame grabber device for receiving output from the 
ing light transmitted through the glass cullet, the camera at least one camera and converting analog color infor 
providing at least one value from the light received from mation of the output into a digital representation. 
at least one of the plurality of pixels, wherein the cullet 
moves along a designated path based on the at least one 
value, further wherein the at least one camera is coupled ck 


