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This invention relates to sorting objects in accordance 
with their color. Although the invention is particularly 
applicable to the sorting of citrus fruits such as lemons, 
oranges, grapefruit, or the like, so as to distinguish be 
tween fruit of various degrees of ripeness, in the broader 
aspects of the invention it is possible to apply its prin 
ciples to other sorting operations, such as that of sorting 
tomatoes, apples, and other fruits and vegetables. 
The invention will be described as it is applied to the 

sorting of lemons, although the invention is not limited 
to such an application. The lemon tree is an ever-bear 
ing tree and usually has fruit in various degrees of ripe 
ness or maturity growing thereon at the same time. It 
is not practical to harvest the fruit selectively, and con 
sequently, fruit of various degrees of ripeness are har 
vested at the same time. Furthermore, even if it were 
desired to harvest the fruit selectively, the difficulty in 
distinguishing between the various degrees of maturity 
of the fruit increases as the fruit approaches maturity. 
In any event, a sorting operation is eventually required 
so that fruit of various grades can be stored together and 
the fruit of each grade brought to market at a period 
when that grade is ripe or mature. 
The present invention sorts the fruit automatically into 

the various grades, and will not only sort fruit accurately 
when it is in its light or dark green state, but will dis 
tinguish between more mature fruit grades, the respec 
tive colors of which are less easily distinguishable. 
The system employed in the present invention is that 

of sorting fruit by measurements made from light re 
flected by the fruit that is of two different wave lengths, 
namely, a wave length of light in the red portion of the 
spectrum and another in the infra-red. It has been found 
that where more than a few grades have been established, 
neither measurements based on a single wave length, 
northose based on a difference in reflectances of two 
wave lengths, will provide dependable differentiation be 
tween all of the various grades for which classification 
is desired. 
Where the sorting is based on a single reflectance, 

the signals are affected by the size of the object and So 
erratic results due to size variations are produced. Also, 
in the case of lemons the color criterion does not differ 
sufficiently between the more mature grades (silver and 
yellow) to permit satisfactorily sorting with apparatus 
relying upon single reflectance. 
Where the sorting is based on a comparison (differ 

ence) in the reflectances at two wave lengths, the per 
centage variations in signals from grade to grade have 
a total spread or a variation in magnitude such that When 
a number of grades are sorted, equipment having a very 
wide range is required. Furthermore, when the Sorting 
is based on a comparison of reflectances at two Wave 
lengths, the color criterion does not differ sufficiently be 
tween the light green and dark green grades to depend 
ably attain commercial separation. It has been proposed 
in the patent to Powers, No. 2,933,713, April 19, 1960, 
to use a principle for sorting which not only reduces 
the effects of size of the object, voltage variations, and 
the like, but which renders relatively uniform the dif 
ferences in the basis for classification that occur between 
the various successive grades. This improves the relia 
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2 
bility and accuracy of the sorting operation, and makes 
it possible to discriminate between all grades with com 
mercial equipment. The index for sorting in Such a 
system is a fraction, or ratio that will be termed the 
"Index of Variation of Reflectance' (IVR) ratio. The 
TVR ratio is a fraction, the numerator of which is the 
difference between the reflectances at two assigned wave 
lengths, and the denominator of which includes at least 
one of the individual reflectances. A system that sorts 
according to this fraction, or IVR ratio, has been found 
to provide color criteria between all grades of lemons, 
for exampie, that are sufficiently uniform in order or 
magnitude to permit commercial implementation. Also, 
since the index for sorting is a ratio, the IVR ratio sys 
tem of color sorting renders the apparatus independent 
of such variables as changes in light intensity, changes 
in the characteristics of the photoelectric tube from time 
to time, and power supply fluctuations. Additionally, 
the IVR ratio system reduces the effects of differences in 
fruit size and of variations or blemishes in fruit color. 
One of the objects of the present invention is to pro 

vide automatic color sorting, using the IVR ratio as a 
basis for the sorting wherein the division operation in 
herent in the ratio is performed directly by simple elec 
trical means. 

In the aforesaid Powers patent, a denominator adjust 
ment, or electrical division, is performed by an auto 
matic gain control system. If such systems are made 
sensitive enough to provide a small A.G.C. time delay, 
they border on oscillation, and oscillation is apt to occur 
if the time delay required by such systems is short enough 
to permit high speed operation. On the other hand, if 
the time delay required in automatic gain control circuits 
is made long enough to render the circuit stable, the 
sorting rate is correspondingly limited. 
Another object of this invention is to provide a sys 

tem wherein the articles are color sorted directly in 
accordance with the IVR ratio principle, but without 
requiring automatic gain control for performing the 
equivalent of the electrical division. 
Another object of the invention is to provide maximum 

signal-to-noise ratio and maximum circuit efficiency. A 
corollary of this object is to avoid the need for a radio 
frequency carrier for the color modulated reflectance 
signals. The signals representing the differences between 
the reflectances at the two wave lengths (the numera 
tor of the IVR ratio) are applied directly to signals 
which are equal to or are a function of the average of 
the reflectances at the two wave lengths, and are applied 
in a manner that requires no electrical division as such, 
and requires no radio frequency carrier. This not only 
simplifies the circuit, but improves the signal-to-noise 
ratio, and renders the circuit less sensitive to malad 
justments. 
Another feature of the invention is the simplicity of 

the circuitry involved. The reflected light beams of the 
two wave lengths selected, are received alternately, there 
being a total of 3600 individual light pulses per second. 
This gives a cyclic frequency of 1800 cyles. Alternating 
current components of the voltages that represent the 
differences in reflectances, are developed independently 
of, and are combined with, direct current signal com 
ponents. The direct current signal components represent 
either the average reflectance, or at least one of the re 
fiectances. The alternating and direct current signal com 
ponents are combined with a grid bias voltage. This com 
bination is made in such a manner that signals propor 
tional to the IVR ratio can be picked off the signal circuit 
by a series of potentiometers, each potentiometer having 
been set for an adjustment between two successive grades 
of fruit. 
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Each potentiometer is associated with a thyratron tube, 

so that as successive mid-grade points are reached, the 
thyratrons are successively fired, first one, then two, then 
all three (for example), and each one of these situations 
is sensed and acted upon as indicating the classification 
for a selected grade point. In the form of the invention 
to be described, fruit lying between one extreme (full 
ripe, or yellow) and the next most nearly mature grade 
does not fire any thyratron. Other grades do result in the 
firing of one or more thyratrons. The means by which 
the reflected light pulses, sensed by the phototube and 
converted into voltage pulses, are combined and utilized 
by the potentiometers, provides a very simple circuit that 
produces the IVR ratio directly as a basis for classifica 
tion, but does not require an automatic gain control 
circuit. 
Another object of the invention is to provide a linear, or 

reversible system, which works in principle just as well 
When the article is illuminated directly and the reflected 
light source is modulated (broken into beans of two wave 
lengths that are Sensed by the phototube) as it does when 
the light source is first modulated and these modulated 
Wave lengths are reflected from the object under inspec 
tion and directed to the phototube. Stated differently, 
with the System of this invention, the basic circuit can be 
used in either of two ways. One method projects inte 
grated illumination light directly on the object under in 
Spection, and modulates the reflected light for measure 
ment. The other method modulates the light first, pro 
jects the modulated light on the object, and uses the modul 
lated light, as reflected from the object, as a source for 
measurement. Each of these systems has its own charac 
teristics and advantages, and either can be used with the 
basic circuit of this invention. 
The manner in which these and other objects and ad 

vantages can be obtained will be apparent from the fol 
lowing description of the invention as it is employed in 
connection with the sorting of lemons by color. 

In the drawings: 
FIGURE 1 is a diagram of the optical system wherein 

the lemon is illuminated in a light integrating sphere, 
and the reflected light is modulated and received by a 
photomultiplier tube. 
FIGURE 2 is a front elevation of the vibrating wire 

unit that modulates the reflected light. 
FIGURE 3 is a view of the vibrating wire unit taken 

looking in the direction of arrows 3-3 of FIGURE 2, 
FIGURE 4 is a diagram of the signal portion of a cir 

cuit that provides the IVR ratio signal, the circuit includ 
ing a series filter for the D.C. signal components. 
FIGURE 5 is a diagram showing the fixed bias voltage. 
FIGURE 6 is a diagram showing the electrical pulses 

which are proportional to the reflectances at two wave 
lengths and the corresponding A.C. component. 
FIGURE 7 shows the A.C. voltage component isolated 

relatively to an average voltage reference line. 
FIGURE 8 shows the pulsating D.C. voltage compo 

nent of the electrical signals. 
FIGURE 9 shows the average D.C. voltage signal. 
FIGURE 10 shows the negative bias, the average D.C., 

and the A.C. signals combined. 
FIGURE 11 shows the D.C. pulses when the potenti 

ometer that taps of the combined signals is set at mid 
range, reducing the D.C. reflectance signals by a factor 
of K. 
FIGURE 12 shows the sum of the signals with the 

D.C. signals reduced, as in FIGURE 11. 
FIGURE 13 shows a combination of signals similar to 

that of FIGURE 10 except that the circuit that adds the 
signals does not include a series filter. 
FIGURE 14 shows the actual shape of a typical signal 

cirve as a lemon enters the inspection station, passes 
through it, and leaves it. 
FIGURE 15 is a combined mechanical and electrical 

circuit diagram of the system, the circuit including a series 
filter circuit in the signal combining circuit. 
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thus alternately eclipse the two light beams. 

4. 
FIGURE 16 shows a signal circuit that does not have 

a Series filter circuit across the potentiometers. 
FIGURE 17 is a composite pulse diagram showing 

derivation of the IVR ratio in the system of this inven 
tion when a series filter is employed in the signal combin 
ing circuit. 

if GURE 18 is a similar composite diagram when the 
signal sensing circuit includes no series filter circuit across 
the potentiometers. 
FIGURE 19 is a view similar to FIGURE 1 showing 

a modified form of optical system. 
THE MECHANICAL AND OFTICAL SYSTEMS 

Referring to FIGURES 1-3, the lemon L under inspec 
tion is Supported by conveyor means 10 in the form of a 
rotatable carrier C. The carrier C and support 10 for the 
lemon form part of a system for receiving lemons at the 
desired rate of inspection, transporting them across the in 
spection station, carrying them past the classification bins, 
and releasing them into the proper bins. Details of such 
mechanism are not part of this invention and a suitable 
mechanism for this purpose is described in the co-pend 
ing patent application of Verrinder, Serial No. 605,797, 
filed August 23, 1956, entitled "Article Handling Appa 
ratus and Method,” and assigned to the assignee of the 
present application. 
The inspection station includes a generally spherical 

housing 11, in which is mounted a plurality of lamps 2 
that give a generally white light illuminating source. 
These lamps may be standard automobile head light 
lamps, and there may be a number of them disposed 
around the internal surface of the Spherical housing 11. 
The spherical housing serves to integrate the light in the 
sense that the light is reflected back and forth so that it 
illuminates the entire surface of the lemon quite uni 
formly. Light from the surface of the lemon passes 
through opposed lenses 3 mounted in the spherical hous 
ing 11, and impinges upon opposed mirrors 4 which 
converge the light onto a split or hybrid mirror 6 that 
bisects the angle between mirrors 4. The mirror 5 
acts as a mirror for the left hand beam, as it is seen in 
the drawing, and transmits the right hand beam. The 
beans combine and impinge upon a masking plate i8 
which is formed with spaced slits 9 and 19d. These 
slits produce light beams which may be about 15 milli 
microis wide, and these bands are spaced about 50 milli 
microns apart. A vibrating wire 2, which is wider than 
the slits is and 9a, is caused to pass rapidly back and 
forth behind the slits, to alternately obstruct the slits and 

The result 
is that the light beams pass the wire 2 alternately, in 
One of two slightly angularly different directions. 

In order to vibrate the wire 2, the wire is mounted on 
an aluminum frame 22 (FIGS. 2 and 3) by means of 
clamp 23 and a spring tensioning lever system 24. A 
coil 25 is mounted to Surround the frame 22 and receives 
electrical energy from an oscillator 26 running at 1800 
cycles. The coil 25 induces alternating currents in the 
closed loop formed by the wire 2 and the frame 22 and 
these currents coact with a permanent magnet 27, the 
poles of which are close to the wire 25. The result is 
that the wire is alternately deflected in the direction of 
the double arrow 20 on FIG. 2. This causes the wire 
to vibrate across the slits 19 and 9a, at a frequency of 
1800 cycles. The details of this means for eclipsing the 
two beams are not part of this invention. As will be 
Seen as this detailed description proceeds, the geometry 
of the wire diameter and slit spacing is such that there 
are no voltage peaks other than the fundamental peaks 
derived from the modulation of the reflected light. For 
example, a rotary disc having adjacent apertures at dif. 
ferent radii, of the type disclosed generally in the afore 
Said Powers patent, may be employed. 
The two angularly disposed beams of light reflected 

from the lemon L are collimated by lens 28 (FIG. 1) and 
pass through a prism 29. Since these beams strike the 
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prism at slightly different angles, the beams will emerge 
from the prism as beams of different wave lengths. The 
wave length of each beam depends upon the geometry 
of the apparatus, including the spacing of slits 19 and 
19a. As mentioned, it has been found that wave lengths 
in the red and infrared region are most effective for the 
color sorting of lemons, a red wave length beam of 
6780 A. and an infrared wave length beam of 7200 A. 
having been found to be suitable for the purposes of this 
invention. - 

After leaving the prism 29, the beams of both wave 
lengths are directed by a lens 3 so as to pass through 
a slit plate 32 into a collimator 33, whereupon the beams 
alternately impinge upon the cathode of a photomulti 
plier tube Vi. The tube converts the alternate beams 
that it receives into a series of corresponding voltage 
pulses, available at the anode of the tube. 

In order to supply plate voltage to thyratrons in the 
control circuit at the proper time, a cam 34 driven by 
the conveyor system. C operates a switch 36 connected 
to a voltage source (not shown). Similarly, in order to 
supply voltages to the release system at the proper time, 
another cam 37 operates a Switch 38 in synchronism with 
conveyor motion. 
ELEMENTS OF THE SIGNAL AND CONTROL 

SYSTEMS 
FIGURE 15 is a diagram of the signal and sorting or 

control circuits, a conveyor and inspection system, a 
memory device, and a release system. Details of the 
conveyor, memory and release systems are not part of 
the invention. In the signal and control circuits, the 
cathode of the photomultiplier tube V1 receives the re 
flected light from the lemons under inspection, and con 
verts them into voltage pulses R1, R2 alternately. The 
dynodes of the photomultiplier tube are Supplied from 
a minus 1000 volts D.C. potential source connected to 
the anode of the tube, by means of a voltage divider 
string, including a series of equal resistors 41. The 
anode sorting voltage signals R, R2 are connected to 
end terminals of potentiometers 42, 43, and 44 forming 
part of the signal circuit. Included in the signal circuit 
in series with the potentiometers 42, 43, and 44 is a 
parallel resonant circuit 45, including an inductance 46 
and a condenser 47, tuned to resonate at the modulating 
frequency of 1800 cycles. A bias voltage source 48 sup 
plies a negative bias voltage which may be about two 
volts for the thyratrons employed. It is important to 
note that the bias voltage source 48, the tuned circuit 45, 
and paralleled set of potentiometers 42, 43, and 44, are 
connected in series between ground and the anode of the 
photomultiplier tube V1. In the form shown in FIG 
URE 15, a series resonant filter circuit 45a is connected 
across the potentiometers, which circuit includes a con 
denser 47a and an inductance 46a in series, tuned to 
resonate at 1800 cycles. The Q of this circuit is not high. 
The resultant signal voltages tapped from potentiom 

eters 42, 43, and 44 reach the grids of thyratrons V2, 
V3, and V4 by means of grid resistors 49, 51, and 52, 
respectively. The plate voltages of thyratrons V2, V3, 
and V4 are supplied through plate load resistors 53, 54, 
and 56, respectively. These load resistors connect 
through a resistor 57 to a 200 volt D.C. plate supply by 
means of Switch 38, previously mentioned. The manner 
by which the thyratrons V2, V3, and V4 are fired will be 
explained later in this description. 

MEMORY AND RELEASE CIRCUITS 
A memory device M is provided in the system. This 

device is necessary because the release stations are spaced 
Some distance along the conveyor mechanism from the 
inspection station, so that release signals generated at the 
inspection station are actually applied to signal sensitive 
devices at the various release stations after elapse of the 
appropriate time. In the memory device M illustrated, 
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6 
a rotatable drum 58 forms the body of the device and 
has mounted therein a series of capacitors 59. As in 
dicated by dashed line in FIGURE 15, the memory de 
vice M is connected to rotate in synchronism with the 
conveyor mechanism C. Each capacitor 59 has one plate 
thereof connected to a commutator segment 60 at the 
periphery of the drum 58. Segments 60 are engaged by 
a brush 61 connected between resistor 57 and resistor 
56 in the 200 volt supply line. Brush 61 introduces the 
release signals to the memory device. The other plates of 
the capacitors 59 are grounded at 62. 
Only the yellow lemon release system, indicated at 

63, is detailed in FIGURE 15. It includes a thyratron 
V5 which actuates the release mechanism when fired. In 
order to transmit the release signal from the memory 
device M to the release circuit, a brush 64 is provided 
that engages the segments 60 of the capacitors 59 in the 
memory unit. The brush 64 connects to an input diode 
65, and to a plate voltage blocking diode 66, connected 
to the plate of the release thyratron V5. These diodes 
prevent charging of the memory device capacitors by 
the various positive voltage sources connected to the re 
lease circuit. There is a positive D.C. signal bias voltage 
of 175 volts for the yellow release system, which voltage 
is introduced by means of a resistor 67. A condenser 
68, connected between the signal input diode 65 and the 
grid of the release thyratron V5 isolates the grid of the 
thyratron from the 175 volt D.C. signal bias voltage. 
The grid of the thyratron is connected through a resis 
tor 71 to a minus 10 volt D.C. grid bias source. Diode 
69 is connected across resistor 71 in order to permit rapid 
changing of capacitor 68. 
The plate of the yellow lemon release thyratron. V5 

connects through the coil 72 of a release relay switch 
S to the plate voltage applying switch 36 previously men 
tioned. When switch 36 is closed, it connects a source 
of 300 volts D.C. to the plate of the thyratron, and if 
the proper signal is received by the grid, the thyratron 
fires, resulting in actuation of the relay switch S. The 
contacts 73 of the switch S, when closed, operate an air 
valve 74 which has a nozzle 76 that actuates a trip mecha 
nism 77, for releasing the lemon L from its support 
mechanism 10, when the lemon L is classified as being 
yellow. 

In addition to the yellow release circuit 63, a brush 
78 connects to a silver release circuit 79 which, in the 
illustrated example, receives a signal bias of plus 150 
volts D.C. Similarly, a brush 81 connects to a light 
green release circuit 82, that receives a signal bias of plus 
125 volts D.C. Finally, a brush 83 connects to a dark 
green release circuit 84, that receives a plus 100 volts 
D.C. signal bias. Each of the release circuits has a re 
lease thyratron and a release relay connected to release 
means at the associated release station. Each release 
circuit receives the minus 10 volts D.C. thyratron grid 
bias for its thyratron. There will be as many release 
stations as there are lemon grades to be segregated. 
The operation of the control signal system of FIG 

URE 15 will now be explained, except for the signal pro 
ducing portion of the circuit. Assume that the signal 
producing portion of the circuit provides a signal such 
that none of the thyratrons will fire. This is the situa 
tion present when a yellow lemon is under inspection. 
Under these conditions, the voltage between resistors 57 
and 56, that is, the voltage at the signal introducing brush 
61, will be plus 200 volts D.C., as indicated in parenthesis 
at this junction. This is because when they are not firing, 
the thyratrons, V2, V3, and V4 act as open circuits in 
the 200 volt supply. While the lemon is at the inspection 
station, switch 38 will close under control of the cam 37 
to supply the control voltage, determined by the condi 
tion of the thyratrons (plus 200 volts in this case) to the 
memory device. As mentioned, when a yellow lemon 
passes the inspection station, there is no signal developed 
sufficient to fire any thyratron. Under these conditions, 
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switch 38 connects the full 200 volts D.C. source to the 
brush 6 of the memory device. This charges the par 
ticular memory capacitor 59 that is now electrically con 
nected to the brush, to a potential of substantially 200 
volts. The actual potential reached by the memory 
capacitors depends upon the length of time they make 
electrical connection with the brush 61. For ease of un 
derstanding it is assumed that the memory capacitors al 
most reach the signal potential, but if the speed of the 
memory device is so great that they leave with a lower 
charge, this means only that the signal bias voltage must 
be adjusted accordingly. Before the next memory capaci 
tor 59 reaches brush 62, the switch 38 will open, removing 
the 200 volt D.C. source from the plates of thyratrons 
V2, V3, and V4, thereby extinguishing any thyratrons that 
might have been fired. 
As the lemon proceeds along the conveyor, the memory 

device M rotates in synchronism with the conveyor, and 
when the previously charged memory capacitor 59 reaches 
the yellow release brush 64, a 200 volt positive pulse is 
applied to the right hand plate of the condenser 68 in 
the grid circuit of the yellow release circuit thyratron 
V5. This pulse of 200 volts is 25 volts more positive 
than the 175 volt signal bias applied to the left hand 
plate of condenser G8 by means of the 175 volt signai 
bias source. A resultant 25 volt positive pulse appears 
across condenser 63 and is sufficient to drive the grid 
of the thyratron positive, overcoming the minus 10 volt 
D.C. bias thereon, whereupon the thyratron fires. When 
the thyratron fires, the contacts 73 of the yellow release 
Switch S close, as illustrated in the diagram, operating 
air valve 74 to release the yellow lemon L. Immediately 
thereafter, the cam 34 will open switch 36 to extinguish 
the thyratron V5 by disconnecting the relay coil from 
the 300 volt plate supply. 

If a silver lemon is under inspection, the signal system 
will fire thyratron V2, because of the nature of the signal 
produced by a silver lemon, as will be explained in detail 
later in this description. When thyratron V2 conducts, 
there is a voltage drop through the plate load resistors 4 
53, 54, 56, so that the control signal voltage applied to 
brush 6 is now, in the example, plus 175 volts D.C., 
this being indicated in parenthesis at the right of thyratron 
V2. This plus 175 volt control signal has the same 
potential as does the plus 175 volt signal bias voltage 
applied to the yellow release circuit, so that when the 
active memory condenser 59, now charged to plus 175 
volts D.C., reaches the yellow release circuit brush 64, 
it has no effect on the circuit and the lemon under-in 
spection is not releaesd at the yellow release station. 

However, as the same charged condenser 59 continues 
in its path, it reaches brush 78 of the silver release 
circuit, and here the signal bias is only pius 150 volts 
D.C. Therefore, the 175 volt charge on the memory 
condenser is sufficient to overcome the 150 volt D.C. 
signal bias, and the resulting pulse drives the grid of 
the silver release thyratron (not shown) positive, thereby 
firing the thyratron and releasing the silver lemon at the 
silver release station. Any charge remaining on the 
memory condenser 59 is insufficient to fire the light green 
and dark green release circuit thyratrons. 
When a light green lemon is under inspection, the out 

put of the signal input is such that both thyratrons V2 
and V3 will fire, thereby dropping the control signal 
voltage applied to brush 61 and to active condenser 59, 
to 150 volts, as indicated in parenthesis at the right of 
thyratron V3. This 150 volt charge will not fire the 

: yellow or silver release circuits, as the condenser passes 
them, for reasons given, but will fire the light green 
release circuit when the condenser reaches the brush 3: 
leading to that circuit. 

Finally, if a dark green lemon is under inspection, the 
potentiometers are set so that all of the thyratrons will 
fire, dropping the control signal voltage applied to the 
signal input brush 61 to 125 volts. In this case, none of 
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the yellow release, silver release, and light green release 
circuits will be actuated as the charged memory capacitor 
Sweeps by these circuits, but the dark green release cir 
cuit thyratron will fire, to release the dark green lemon 
into its proper receptacle. 
The various power supplies for the photomultiplier 

tube, the plates of thyratrons V2, V3, V4, and V5, and 
the other thyratrons in the release circuits can be of 
conventional design and since the details thereof are not 
part of the invention, thy are not shown. Typical circuit 
values for the circuit diagram of FIGURE 15 are given 
in Table i below. 

Table I.--Typical circuit components 
Resistors: 

41 ----------------------. 200K. 
42, 43,44----------------. 100K potentiometers, 
53----------------------. 8K. 
54----------------------. 2.7K. 
56---------------------- 3.3K. 
57----------------------. 2K. 
67 ---------------------- 1K. 
7 ---------------------- 50K. 

Condensers 

47, 47a ---------------. .008 mfd. (tuneable). 
59 -------------------. .1 mi?d. (60 capacitors). 
68-------------------. .001 Infoi. 

Tubes and miscellaneous 
V --------------------------- Photomultiplier. 
V2-V5----------------------- Thyratrons. 
Coils 46 and 46a -------------- 1 henry. 

THE SIGNAL SYSTEM 
Reference is now made to FIGURES 4-14. FIGURE 

4 is a separate diagram of the signal circuit 45. The 
optical System and the photomultiplier tube can be con 
sidered to act functionally as a rapidly acting switch 
which supplies alternate voltage pulses RE, R2, corre 
sponding to the two reflectances, to the circuit at a rate 
cof 1800 cycles. Stated differently, in one second there 
will be 1800 R voltage pulses each alternated by an R2 
voltage pulse, and one cycle is considered to consist 
of one of each type pulse. The signal circuit can be 
considered as dealing with three separate voltages, all 
of which are combined or added to produce the desired 
IVR ratio signal. These voltages are a minus 2 volt bias 
voltage, an alternating current voltage, eac, and a nega 
tive direct current voltage, epc. The 2 volt bias voltage 
is merely the cut off voltage for the grids of the thy 
Iatrons, and it will be assumed that when the net volt. 
age on the grid of a thyratron is more positive than 
minus 2 volts, the thyratron will fire. 
The manner in which the signal circuit 45 produces 

signals that represent the IVR ratio for controlling thy 
ratrons V2, V3, and V4, will now be explained. As 
seen in FIGURE 6, the voltage pulses R2 corresponding 
to one of the two reflectances are more negative than 
the minus 2 volt bias voltage, and pulses R, correspond 
ing to the other reflectances, are still more negative than 
the bias voltage. These pulses are applied across the 
potentiometers (only the potentiometer 43 being illus 
trated in FIGURE 4). The pulses RE and R2 are nega 
tive because current flow in the photomultiplier tube is 
from the anode toward the negatively connected cathode, 
as seen in FIGURE 15. Since all of the potentiometers 
are in parallel, the same voltage pulses are generated 
across them all. In the form of signal circuit shown in 
FIGURES 4 and 15, the potentiometers are bypassed by 
a series resonant filter circuit 45a, and both the series 
circuit and the potentiometer (such as 43 in FIG. 4) are 
connected in a series with the parallel resonant circuit 
45. As mentioned previously, parallel circuit 45 is tuned 
to resonate at the pulse frequency of 1800 cycles. Tuned 
circuit 45, in turn, is in series with the negative bias 
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source of minus 2 volts, which is supplied by a battery 
or other voltage supply, the positive side of the supply 
being grounded. 

Examining the voltages developed at each of these series 
connected signal elements individually, as indicated in 
FIGURE 5, the minus 2 volt fixed D.C. bias voltage can 
be considered as a straight line reference to ground. 
FIGURE 6 shows the two reflectance voltage pulses R. 
and R2, voltage R1 being more negative than R2. These 
voltages are shown referenced to the minus 2 volt bias 
line in this and in other figures. The voltage differences 
between the pulses R1 and R2 provide an alternating 
voltage component centered about a reference line 
labeled O'V. The alternating signal component is shown 
isolated in FIGURE 7 about the O'V reference line, as 
an A.C. voltage having a peak to peak value eac. The 
magnitude of the alternating signal voltage eac is in 
dependent of the location of its reference line O'V, since 
the alternating signal voltage is almost entirely developed 
across the tuned circuit, which has a very high impedance 
at the signal frequency of 1800 cycles. This A.C. signal 
voltage is applied to one of the fixed terminals of the 
potentiometer, and its magnitude as sensed at the slider 
of the potentiometer, is independent of the potentiometer 
setting. 

Referring to FIGURE 8, it can also be seen that the 
pulses R1, R2, have a pulsating or square wave type D.C. 
component, having an average value eay, referenced be 

The pulses are not ac 
tually square waves, but they are drawn substantially as 
such for convenience of illustration. Their shape, as 
does the shape of the reflectance pulses themselves, de 
pends upon the physical nature of the beam eclipsing 

The average value, eay, of the pulsation D.C. 
component of the signal is shown in FIGURE 9 as dis 
placed from the -2 V. bias voltage by a minus D.C. 
voltage indicated as eloc. When the potentiometers are 
shunted by a series resonant filter circuit 45a, it is the 
average D.C. signal, and not the ripple current that will 
combine with other voltages in the signal circuit. 
FIGURE 10 shows diagrammatically how the signal 

circuit combines or adds the three voltages involved, 
namely, the minus 2 volt bias voltage, the negative aver 
age D.C. voltage component epc, and the A.C. com 
ponent eac. These voltages, as added in FIGURE 10, 
are those that would appear across the fixed terminals 
of the potentiometer 43, that is, across the entire poten 
tiometer resistor. 

In actual practice, the potentiometers are usually ad 
justed so that only a portion of the D.C. signal com 
ponent epo is applied as the thyratron grid signal. Re 
ferring to potentiometer 43, by way of example, this is 
shown in FIGURES 4, 11 and 12, wherein the D.C. volt 
tage resulting from pulses R1 and R2, and developed 
across the entire resistor of the potentiometer, is actually 
taken off at the slider of the potentiometer. Such voltage 
is reduced by a factor K, corresponding to the setting of 
the potentiometer. The potentiometer is assumed to be 
set at mid-range in this example. Under these circum 
stances, the pulses KR1 and KR2, and the resulting aver 
age D.C. voltage labeled e in FIGURES 4, 11 and 12, 
will be less than the corresponding D.C. signals epc 
(FIGS. 4 and 10) developed across the entire poten 
tiometer, 
FIGURE 11 shows the combination of the negative 

bias voltage -2 V., (FIG. 5), the A.C. component eAc, 
(FIG. 7), and the average D.C. component ep, which 
has been reduced from the total value epo (FIG. 10) be 
cause the potentiometer has been set to represent a 
factor K. This factor K is assumed to be such that the 
positive peaks of the A.C. component eac just reach the 
negative 2 volt critical bias line, as seen in FIG. 11. 
Under these circumstaonces, the associated thyratron 
will just fire or will be just on the verge of firing. 

If the series resonant filter circuit 45a is omitted from 
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the signal circuit, the D.C. signal components will be 
sensed by the potentiometer as a pulsating voltage (iR 
drop) and will be so combined with the other signal 
voltages. Such a circuit is shown in FIGURE 16, and 
the result of the combination of voltages with this cir 
cuit is shown in FIGURE 13. As seen in the latter fig 
ure, the positive half cycle peaks of the A.C. component 
are now Superimposed upon the positive peaks of the pull 
Sating D.C. component. Thus the firing of the asso 
ciated thyratron under these conditions will be repre 
sented by a different setting of the potentiometer. The 
results of this circuit can be rationalized in another way, 
in that it can be considered that the positive half cycles 
of the A.C. signal are added algebraically to the nega 
tive D.C. pulses KR2, developed across the potentiometer 
between the point of connection of the fixed terminal 
with the tuned circuit and the slider of the potentiometer. 
The result is the same in either case. 
The curves shown in FIGURES 6-13 represent only 

a portion of the entire reflectance signal curve that is 
generated as the lemon passes into and out of the inspec 
tion station. The complete signal for a single lemon has 
the general shape shown in FIGURE 14. This can be 
understood when it is recognized that the lemon passes 
into, through, and out of the illuminated inspection zone. 
At first only a small portion of the lemon produces 
reflectances and corresponding VR ratio signals. As 
more and more of the lemon area passes into the Zone, 
the reflectances increase, as do the corresponding voltage 
signals, and as the lemon leaves the zone, they decrease. 
This gives the envelope of the A.C. and D.C. components 
of the signal curve the lemniscate form shown in FIG 
URE 14. 
Thus the direct current signal actually pulsates at the 

inspection frequency which may be in the order of 40 
lemons per second. 

CONVERSION OF VOLTAGE SIGNALS 
TO CONTROL SIGNALS 

The conversion of the voltage signals generated in the 
signal circuit to control signals will now be descirbed, 
employing two examples. Referring to FIGURE 15, it 
is first assumed that a yellow lemon is under inspection. 
At the juncture of the tuned circuit with the potentiometer 
42, the A.C. component of the signals, as developed across 
the parallel tuned circuit 45, will be centered about the 
two volt bias line, as illustrated in the waveform diagram 
16, placed at the upper center of FIGURE 15. In 
other words, the A.C. signal component can be con 
sidered as alternately raising and lowering the potential 
of the entire set of potentiometers, or as an A.C. genera 
tor connected in series with the potentiometers. 
There is no thyratron provided for a yellow lemon 

classification, but the lemon closest in color to the yellow 
lemon is a silver lemon, and there is a silver lemon thyra 
tron V2 controlled by the setting of potentiometer 42. 
This potentiometer will be set so that when a yellow lemon 
is under inspection, the D.C. signal component of the sig 
nal, as tapped off by the potentiometer, is such as to 
place the positive peaks of the A.C. component below the 
critical bias line of minus 2 volts, as illustrated at 117. 
Thus the yellow lemon signal will not fire the silver lemon 
thyratron V2. 
As shown at 118, the potentiometer 43 for light green 

lemons is set to further depress the A.C. component be 
low the bias line, so that there is even less chance of the 
green lemon thyratron V3 firing, when a yellow lemon 
is under inspection. Similarly, as illustrated at 119, the 
potentiometer 44 for the dark green thyratron V4, is set 
to still further depress the A.C. component of the signal 
below the bias line, so that the dark green thyratron V4 
also remains cut off. 
Thus with the proper settings of the potentiometers, a 

yellow lemon will not fire any of the thyratrons. When 
no thyratrons are fired, the yellow release circuit will be 
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brought into action. When the yellow release thyratron 
V5 fires, its plate potential is lowered and this discharges 
the previously applied 200 volt charge on the memory 
condenser to a potential below that sufficient to trigger 
the remaining release circuits, so that the yellow release 
circuit, and only the yellow release circuit, is energized. 
When a silver lemon is under inspection, the A.C. sig 

nal components have more amplitude than do those for a 
yellow iemon. With the previously assumed setting of 
the silver lemon potentiometer 42, the A.C. component 
is now adequate to fire the silver lemon thyratron V2, 
because the D.C. signal component for a silver lemon, 
as tapped off by potentiometer 42, cannot drop the posi 
tive peaks of the A.C. signal component below the critical 
bias voltage. However, the potentiometers 43 and 44 are 
set so that the D.C. signal component will depress the 
A.C. peaks developed when a silver lemon is under in 
spection sufficiently so that the light green thyratron V3 
and the dark green thyratron V4 remain cut off. Since 
thyratron V2 has fired, the control signal voltage (175 
volts) is too low to fire the yellow release thyratron W5, 
but the silver release circuit will be energized. As before, 
there is not enough charge left on the memory condenser 
to trigger the light and dark green release circuits that 
follow. 

Similarly, when light green lemons are under inspec 
tion, the light green potentiometer 43 has been set so that 
the D.C. signal component will not depress the A.C. sig 
inal component sufficiently to prevent firing of both the 
silver letion thyratron V2, and the light green lemon 
thyratron V3. However, the dark green potentiometer 
44 is set so that the A.C. components will be depressed 
sufficiently to prevent firing of the dark green thyratron 
V4. The result is that thyratron V2 and V3 fire for 
light green lemons, giving a still lower control voltage : 
signal (150 volts) so that the light green release circuit 
is energized, but not the yellow and silver release cir 
cuits. 
As indicated at 20, the amplitude of the signal volt 

ages for a dark green lemon is greater than that for a 4 
yellow lemon, and although this is not illustrated, the 
amplitude is also greater than that for silver and light 
greenlerons. As shown at 21, 22, and 23 the dark 
green lemon potentiometer 44 is set so that the positive 
peaks of the A.C. signal for dark green lemons will reach 
and go slightly above the 2 volt bias line for the dark 
green thyratron V4 as well as for the other two thyra 
trons, so that thyratrons V2, V3, and V4 will be fired. 
This reduces the control signal to 125 volts, which is 
sufficient to actuate the dark green release circuit but 
none of the other release circuits, in the manner previ 
ously described. 
To recapitulate, when a yellow lemon is inspected, none 

- of the thyratrons fire. When a silver Iemon is inspected, 
only the silver lemon thyratron V2 fires. When a light 
green lemon is inspected, thyratrons V2 and V3 fire, and 
when a dark green lemon is under inspection, all three 
thyratrons fire. As indicated in parenthesis at the right 
of each thyratron in FIGURE 15, as the number of 
thyratrons that fire increases, the control signal voltages 
applied to the memory device correspondingly decrease, 
because the firing of each thyratron introduces an addi 
tional voltage drop across the plate load resistors of the 
thyratrons. This progressive decrease in voltages applied 
to the memory device. results in a corresponding shifting 
in the release that is actuated, from the yellow release 
with no thyratrons firing to the dark green release with 
all thyratrons firing. 

HOW THE SIGNAL CIRCUIT PRODUCES 
IVRRATIO SIGNALS 

The advantage of using the VR ratio as a means for 
producing controlling signals for color sorting have been 
explained, and it has been stated that in accordance with 
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this invention, the IVR ratio principle is employed by a 
simple circuit, which does not require electrical division 
as such, and requires no such expedients such as employ 
ment of an automatic gain control circuit. The fact that 
applicant's series signal producing circuit operates on the 
VR ratio principle whether or not it includes a series 
resonant filter circuit 45a, is demonstrated in FIGURES 
17 and 18. 

Referring to FIGURE 17, the signals are illustrated 
diagrammatically in the case wherein a series resonant 
filter circuit is connected across the potentiometers in the 
signal system, as shown in FIGURES 4 and 15. The left 
portion of FIGURE 17 shows the voltage pulses R2 and 
R. (corresponding to the two reflectance measurements) 
as developed across the terminals of the potentiometers. 
In other words, the full D.C. signal voltage components 
are shown. For ease of understanding, the zero voltage 
reference line is omitted in these figures and the reference 
line is arbitrarily established as that of the minus 2 volt 
bias line. it is also to be understood that should the 
positive half cycles, or peaks, of the A.C. signal com 
ponents become more positive than the minus 2 volt bias 
line, the thyratrons will fire. Referring to the left portion 
of FIGURE 17, the average negative D.C. component 
eay is shown. This is a component that will be sensed 
by the system when the series resonant circuit is shunted 
across the potentiometer. Superimposed upon the average 
negative D.C. bias voltage ine, is the alternating signal 
component eac. The value of the average D.C. con 
ponent eay is half the sum of the voltage pulses Ri and 
R2, that is 

e R1-E2 
ay - 2 

The amplitude of the positive half cycles of the A.C. com 
ponents is half the difference of the pulses RE and R2, 
that is, 

R-R2 
2 

Assume now that one of the potentiometers such as 43, 
is set to tap off a fraction of the average D.C. com 
ponent. In other words, the D.C. signal voltage as ap 
plied to the thyratron is reduced by some desired amount, 
that is, by a factor of K2. This is illustrated in the diagram 
forming the right portion of FIGURE 17, wherein the 
D.C. signal components are now K2R and K2R2, re 
Spectively. This reduction of the D.C. signal component, 
as applied to the grid of the associated thyratrons by means 
of the center tap of the potentiometer, has a negligible 
effect on the amplitude of the A.C. signal components, 
because the latter are generated across the high impedance 
parallel tuned circuit and not across the potentiometer. 
Thus, the amplitude of the A.C. signal component re 
mains unchanged. With the setting of the potentiometer 
illustrated in the right hand portion of FIGURE 17, the 
positive half cycles of the A.C. component rise above 
the minus 2 volt bias line, and the associated thyratron 
Would fire. The amount that the positive A.C. com 
ponent peaks rise above the bias line is indicated as a 
constant K3, and it can be seen that the value of K3 de pends upon the setting of the potentiometer. Obviously, 
the potentiometer can be set so that K3 becomes negligib. 
ly positive, Zero, or slightly negative. In any event, it 
can be made equai to zero for purposes of analysis. 
Under these conditions it can be seen that the average 
D.C. component K2eay, determined by the potenti 
Oneter setting, can be made to equal the positive half 
cycle of the A.C. signal component, 

R1-R2 
2 

As indicated below the right hand portion of FIGURE 17, 
simple algebraic manipulation shows that this signal com 
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bination is the equivalent of a fraction having a numera 
tor that is the difference between the pulses (reflectances) 
or R1-R2, and having a denominator that is the sum 
of the same, or R1--R2, and that the fraction itself is 
equal to a constant K2. This fraction is the IVR ratio, and 
it equals a constant that can be established by proper 
setting of the potentiometer for the grade lemon under 
inspection. It can also be seen that the denominator 
of the fraction can be made equal to the average re 
flectance, 

R1--R2 
2 

by introduction of another constant. Thus without re 
quiring electrical division, automatic gain control, or other 
expedients, the simple series additive type circuit forming 
the signal generating portion of this invention, makes 
possible lemon color sorting using the IVR ratio principle. 
The circuit has all of the advantages of selectivity and 
reliability characteristic of an IVR ratio system, and has 
the advantages in terms of circuit simplicity of systems 
employing coarser criteria, such as those that merely com 
pare reflectances. Also an RF carrier, with its lack of 
efficiency, and poor signal to noise ratio is not required. 

In FIGURE 18, substantially the same diagrams are 
shown, except in this case the series tuned filter circuit 45a 
is omitted, so that the D.C. signal component, as applied 
to the thyratron grids, is a pulsating D.C. signal. As 
seen at the left of the figure, the least positive D.C. com 
ponent of the pulsating D.C. signal is the R2 pulse itself, 
labeled epc. The A.C. component eac is substantially 
unaffected by the presence or absence of the series tuned 
filter circuit, because it is developed across the high im 
pedance parallel tuned circuit 45. Referring to the right 
hand portion of FIGURE 18, here the potentiometer has 
been set so that the smaller D.C. component R2 is modified 
to KR2 a negative voltage (the other component is now 
KR1), and the positive half cycles or peaks of the A.C. 
component 

R1--R2 
2 

are added to the negative voltage KR2. As illustrated, 
the A.C. peaks rise above the negative 2 volt bias line 
by a factor K1. This would fire the thyratron, but again 
the potentiometer can be set so that the factor K1 is 
negligible, or zero. As shown below the figure, it can be 
seen that the signal system is operating on an IVR ratio 
basis, with the numerator of the fraction representing the 
difference between the pulses (R1-R2) and the de 
nominator representing one of the pulses, namely R2 in 
this case. As stated, this provides for operation on the 
IVR ratio principle, except that the denominator of the 
fraction, instead of representing the average reflectance 
as before, merely represents one of the two reflectances. 
However, in either case, the variations between grades 
is such that reliable color sorting can be obtained, which 
sorting will be independent of blemishes, variations in 
circuit constants, the presence of wax or water on the 
surface of the fruit, and other conditions that have hereto 
fore produced inconsistent, unreliable operation. 
Table II is a tabulation of reflectance values and IVR 

ratios from grade to grade using the system of FIGURE 
17, wherein the average D.C. voltage signal circuits of 
FIGURES4 and 15 are employed. In this table the sil 
ver lemons have been divided into two grades, which is 
common practice. Means for sorting out only a single 
grade of silver lemon has been shown in the circuit of 
FIGURE 15 for simplicity. Using the IVR ratio system 
by means of the signal circuit of this invention has the 
advantages that a reasonably large number of grades can 
be assigned without the noise level of the system exceed 
ing the useful signal level. 
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Table II (FIG. 17) 

10XIVR = Ratio of 
R26,780R17,200 R-R2 IWR db 
A. A. R-R2 10Riis Grade to change 

2 Grade in IWR 

Dark Greea-- 10 71 6. 15.06 ------------------ 
Light Green.-- 23 80 57 11.07 36 2.66 
Silver A.------ 50 84 34 5.07 2.8 6.76 
Silver B----- 73 85 12 1.52 3.33 10.44 

0.50 3.4 9.94 Yellow------- 81 86 5 

In Table II the fifth column shows the ratios between 
the EVR fractions from grade to grade, and it is seen 
that these ratios are all of the same general order and 
therefore can be implemented reliably. The sixth col 
umn gives the decibel change in IVR (20 logio Col. 5), 
which is a factor that is critical in instrument design, 
wherein an instrument must operate over a range of 
grades. It is important to note that the values in the 
sixth column are of the same order. The system repre 
sented by Table II is that in which the denominator of 
the IVR fraction represents the average reflectance of 
the fruit, that is, where the series resonant filter circuit 
is employed (FIGS. 4, 15, and 17). 

Table III below resembles Table II except that the TVR 
ratio factor is now computed on a basis wherein the de 
nominator of the fraction is one of the reflectances, R2 
in this case. This corresponds to the diagrams of FIG 
URES 16 and 18. 

Table III (FIG. 18) 

IWR Ratio d 
R2 R R. R.2. of IVR change 

6,780 A. 7,200 A.R.1-R2 Grade in IWR R2 to Grade 

Dark Green.-- 0 71 61 6.1 ------------------ 
Tight Green.---- 23 80 57 2.48 2.46 7.82 
Silver Al- 50 84 34 0.68 3.65 11.24 
Silver B. 73 85 12 0.164 4.14 12.36 
Yellow--------- 8. 86 5 0.067 2.66 8.5 

The fifth and sixth columns of Table III wherein the 
ratios of the IVR factors and the decibel changes from 
grade to grade are given, show the decibel changes to 
be all of the same order. Data of this sort are subject 
to implementation, with reliability and accuracy. 
Thus it can be seen that applicant's apparatus although 

simple, provides for precise sorting between a fairly large 
number of grades, and is accurate at either end of the 
scale. In other words, it is sufficiently accurate at the 
mature or ripe fruit end of the scale (where color separa 
tion has proven difficult) to give results comparable to 
those obtainable at the green end of the scale. Because 
of the employment of the IVR ratio system, as mentioned 
previously, factors such as equipment aging, lemon size 
variations, color blemishes, the presence of wax or water 
on the lemons, and other factors not directly attributable 
to color differences alone, are cancelled out in the system. 
The system does not require direct electrical division or 
automatic gain control, nor does it require the use of 
modulated RF carriers, with their inefficiency and the 
low signal to noise ratio, characteristic of such systems. 

MODIFIED OPTICAL SYSTEM 
The signal gathering or combining system of this inven 

tion having been described, and since it has been shown 
that the invention involves a series circuit wherein vari 
ous voltages are combined directly and simply, it can 
now be seen that the system is what might be termed a 
linear system. That is, it is relatively independent of 
the intermediate optical means employed to produce the 
measurement of reflectances upon which operation of the 
system is based. In the optical system of FIGURE 1, 
the lemon is illuminated in a spherical housing by a bat 
tery of lamps providing an integrated and intense illumi 
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nation, that gives a strong signal and insures reliable op 
eration. However, in case it is not desired to subject the 
article being classified to the heat generated by a strong 
illumination source, or for other reasons, some of which 
may be mechanical or relate to the apparatus in which 
the system is employed, the optical system of FIGURE 
19 may be used. 

In this system the spherical inspection housing 11a, 
instead of containing a series of illumination lamps, 
mounts the photomultiplier tube V1A. This tube is 
shielded from direct reflection from the lemon L under 
inspection, by a plate 86. The optical elements, includ 
ing the lenses, mirrors, prism, vibrating wire and other 
parts are identical with the form of FIGURE 1, but 
their employment is generally reversed from that of the 
system of FIGURE 1. In the form of FIGURE 19, a 
single illuminating lamp 12a, which should be a powerful 
lamp such as a projection lamp, is at the location that 
was occupied by the photomultiplier tube V in the form 
of FIGURE 1. With the modified system of FIGURE 
19, the broad spectrum light source is first broken into 
the two narrow inspection beams of 6780 A. and 7200 A. 
by the vibrating wire 21 and slits 19, 19a. These beams 
are reflected by means of the mirrors 14 and directed 
against the lemon L under inspection. In this form, when 
the beams enter the inspection housing 15a from mirrors 
14, they have already been split up into inspection beams 
of two colors or wave lengths. Thus, the lemon L re 
flects to the surface of the integrating reflector 11a, light 
from beams of two different selected wave lengths and 
these reflected light pulses alternately impinge upon the 
active surface of the photomultiplier tube ViA, which is 
connected into a circuit like that of FIGURE 15. The 
rest of the system operates exactly as does that previously 
described. It may be that the intensity of the reflected 
light pulses received by the photomultiplier tube VA in 
the system of FIGURE 19 is less than that of the system 
of FIGURE 1, but the system nevertheless can be made 
to operate if a suitably sensitive photomultiplier tube and 
associated circuit is employed, and if the source of illu 
mination 12a is relatively intense. This system has sev 
eral inherent advantages in that the object under inspec 
tion is not heated by a battery of powerful lamps. This 
might be of importance in case the heat sensitive device is 
under inspection, or if the device under inspection were 
to be passed slowly through the inspection station. 

Although a memory device has been shown wherein 
the thyratrons V2, V3, and V4 have their plate loads in 
series, the thyratrons can be connected to the plate volt 
age source so as to render them independent of one an- ; 
other, for controlling a different type memory device such 
as that of the above mentioned Verrinder application. 
As mentioned, details of the memory device itself are not 
part of this invention. 
Thus, still another advantage of applicant's signal com 

bining system is apparent, in that it is a linear system, 
and permits reversed but complementary installations of 
the light source and the photomultiplier tube. 

In the broader aspects of the invention, instead of 
switching between two selected wave lengths of light re 
flected from the objects under inspection (FIG. 1), or 
between two selected object illuminating wave lengths 
(FIG. 19), a pair of photomultiplier tubes can be pro 
vided, each with a filter to convert the light reflected from 
the object illuminated with white light, as in FIG. 1, into 
light at one of the selected wave lengths. The electric 
signal outputs of the photomultiplier tubes will then be 
alternately supplied to the comparison circuit of either 
FIG. 4 or FIG. 15 by a conventional electronic switch, 
which supplies 1800 signals from each photomultiplier 
tube to the comparison circuit each second. 

In the appended claims the term "photoelectric means” 
is intended to include devices that receive electromagnetic 
radiation in or near the visible light region and produce 
an electrical signal that is a function of the intensity of 
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the radiation. Examples of such devices include vacuum 
photocells, photomultiplier tubes, photovoltaic cells, pho 
toconductive cells, phototransistors and other devices hav 
ing the above described function. 
While a particular embodiment of the present inven 

tion has been shown and described, it will be understood 
that the system shown is capable of modification and vari 
ation without departing from the principles of the inven 
tion and that the scope of the invention should be limited 
only by the scope and proper interpretation of the claims 
appended hereto, - - 

The invention having thus been described, that which 
is believed to be new and desired to be protected by Let 
ters Patent is: 

1. Apparatus for sorting objects by color comprising 
means for illuminating the objects, photoelectric means, 
means for directing the beams reflected from the objects 
to said photoelectric means as alternate beams of different 
wave lengths, said photoelectric means producing alter 
nate voltage puises respectively proportional to the in 
tensity of the beams reflected from the objects at said 
wave lengths; signal means connected to said photoelec 
tric means, said signal means comprising means for isolat 
ing the alternating component of said pulses to produce 
an alterntaing current signal, means for averaging said 
alternate pulses into a direct current signal, means for 
adding said alternating current signal and a component 
of said direct current signal to produce control pulse sig 
nals, and circuit means for converting said control pulse 
signals into classifying signals. 

2. Apparatus for sorting objects according to color 
comprising an inspection station, means for presenting 
objects to be sorted to said station at a given frequency, 
means for illuminating the objects at said station, photo 
electric means, means for energizing said photoelectric 
means with light reflected from the objects at two selected 
frequencies, means for producing composite electric sig 
nals in response to the reflected light received by said 
photoelectric means at each of said wave lengths, means 
for causing said signals to alternately represent the re 
flected energy at each of said wave lengths at a frequency 
many times greater than said inspection frequency, said 
signals each having a component developed at said alter 
nating frequency and a component developed at the ob 
ject inspection frequency, circuit means comprising a 
first frequency responsive circuit for developing a maxi 
mum signal at the alternating frequency and a second 
frequency responsive circuit for developing a signal at 
the object inspection frequency and having a minimum 
response to the signal at the alternating frequency, means 
for providing an adjustable bias signal, and comparison 
circuit means for adding together the signal developed 
at the alternating frequency and a pre-selected portion of 
the signal developed at the object inspection frequency 
together with said adjustable bias signal, said bias signal 
determining a threshold signal required to produce classi 
fying signals. - - - 

3. Apparatus for sorting objects according to color 
comprising an inspection station, means for presenting 
objects to be sorted to said station at a given frequency, 
means for illuminating the objects at said station, photo 
electric means, means for energizing said photoelectric 
means with light reflected from the objects at two selected 
frequencies, means for producing composite electric sig 
nals in response to the reflected light received by said 
photoelectric means at each of said wave iengths, means 
for causing said signals to alternately represent the re 
flected energy at each of said wave lengths at a frequency 
many times greater than said inspection frequency, said 
signals each having a component developed at said alter 
nating frequency and a component developed at the ob 
ject inspection frequency, circuit means comprising a 
first frequency responsive circuit for developing a maxi 
mun signal at the alternating frequency and a second 
frequency responsive circuit for developing a signal at 
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the object inspection frequency and having a minimum 
response to the signal at the alternating frequency, and 
comparison circuit means for adding together the signal 
developed at the alternating frequency and a pre-selected 
portion of the signal developed at the object inspection 
frequency to produce classifying signals. 

4. Apparatus for sorting objects according to color 
comprising means for deriving an electrical pulse train 
of alternate pulses such that the ratio of the magnitude 
of two consecutive pulses is proportional to the ratio of 
the reflectances of the object measured at two predeter 
mined wavelength bands, classifying signal generating 
means comprising a control circuit for combining the A.C. 
component of the entire pulse train with a signal pro 
portional to the magnitude of individual pulses in said 
train to thereby produce a control signal from which the 
object class can be determined, and circuit means con 
nected to said control circuit for converting said control 
signal into a classifying signal. 

5. Apparatus for sorting objects according to color 
comprising optical object-scanning means, photoelectric 
means receiving light from said optical means, and elec 
trical classifying signal generating means receiving the 
output of the photoelectric means; said optical scanning 
means including means for directing light onto an object 
positioned for classification, and means for directing the 
light refected from the object to the photoelectric means; 
and optical means including means for modulating the 
light so that it is presented to the photoelectric means in 
a succession of pulses alternatively selected at a given 
fundamental frequency from two different wavelength 
bands; said photoelectric means producing an output of 
corresponding alternate voltage pulses such that the ratio 
of consecutive pulses is proportional to the ratio of the 
object reflectances measured at the said wave length 
bands; and said classifying signal generating means com 
prising a control circuit for combining the A.C. compo 
nent of the electrical pulses with a signal proportional 
to the magnitude of individual electrical pulses to thereby 
produce a control signal, said classifying signal generat 
ing means also including circuit means for converting said 
control signal into a classifying signal. 

6. Apparatus according to claim 5, wherein the control 
circuit includes means for isolating the A.C. fundamental 
frequency component of the electrical pulse train to there 
by reduce said pulse train to a D.C. signal component pro 
portional to the average of both pulses of a consecutive 
pair, means for algebraically adding said components, and 
means for adding a D.C. bias signal to the resultant sum 
for producing the control signal. 

7. Apparatus according to claim 6, wherein the con 
trol circuit includes a resonant circuit for receiving the 
electrical pulse train, and presenting a high impedance 
to the fundamental frequency component of the pulses so 
that the A.C. signal component of the pulse train appears 
as a voltage developed across said resonant circuit, and 
wherein said control circuit includes an electrical pulse 
averaging circuit for receiving the electrical pulse train 
to produce the D.C. signal component as a voltage signal 
proportional to the average electrical pulse magnitude. 

8. Apparatus according to claim 7, wherein the reso 
nant circuit is connected in series with the averaging cir 
cuit and in series with said D.C. bias signal, the averaging 
circuit comprising a classifying signal potentiometer hav 
ing one end connected to the resonant circuit and the 

O 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
other to the photoelectric means and further comprising 
an A.C. by-pass circuit connected across said potenti 
ometer so that a substantially D.C. voltage is developed 
across the potentiometer proportional to the average elec 
trical pulse magnitude, the potentiometer tap thereby 
selecting a proportion of the potentiometer voltage as the 
D.C. signal component and, in addition, receiving the sum 
of the bias and A.C. component voltages to thereby form 
the control signal. 

9. Apparatus according to claim 8, wherein a plurality 
of said potentiometers are arranged in parallel to receive 
the electrical pulses from the photoelectric means, and 
wherein the circuit means for converting said control sig 
nals into classifying signals comprises a trigger circuit 
connected to the tap of one potentiometer, and taps on 
successive potentiometers being set so as to successively 
increase the proportion of the D.C. signal component in 
the control signal so that successive trigger circuits will 
operate at successive control signal levels, the operation 
of the trigger circuits thereby shorting corresponding 
portions of the associated potentiometer so that the volt 
age developed across said potentiometer determines the 
color class of the object. 

10. Apparatus according to claim 5, wherein the photo 
electric means comprises a single phototube for receiving 
all the modulated light pulses from the optical means, said 
tube having its anode connected via the control circuit 
to the positive line, so that the electrical pulses are nega 
tive. 

11. Apparatus according to claim 5, wherein the optical 
object scanning means includes means for directing a light 
beam onto an object for classification, means for collect 
ing the light reflected from at least one side of said object 
means for passing the reflected light through the light 
modulating means, and means for directing the reflected 
light, after modulation, to said photoelectric means. 

12. Apparatus according to claim 5, wherein the optical 
scanning means includes means for directing a light beam 
through the light modulating means and onto the object 
to be classified, and means for directing the modulated 
light reflected from the object to the photoelectric means. 

13. Apparatus according to claim 5, wherein the light 
modulating means comprises a light chopping device for 
dividing the light passing therethrough into two beams, 
each beam comprising a train of uniform light pulses such 
that the pulses of one beam alternate with those of the 
other at said fundamental frequency, an optical device 
for receiving said beams and allowing to pass there 
through only that light which lies within a separate pre 
determined narrow wavelength band for each beam and 
means for directing said beams to said photoelectric 
leans 

References Cited in the file of this patent 
UNITED STATES PATENTS 

1,840,500 Geffrken et al. ---------- Jan. 12, 1932 
1,872,258 Elberty ---------------- Aug. 16, 1932 
2,244,826 Cox ------------------ June 10, 1941 
2,393,631 Harrison et al. ---------- Jan. 29, 1946 
2,436,104 Fisher et al. ------------ Feb. 17, 1948 
2,517,554 Frommer -------------- Aug. 8, 1950 
2,623,432 Lange ---------------- Dec. 30, 1952 
2,933,613 Powers ---------------- Apr. 19, 1960 
3,004,664 Dreyfus ---------------- Oct. 17, 1961 
3,069,013 Neubrech et al. --------- Dec. 18, 1962 


