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[57] ABSTRACT

An automatic sorting apparatus for objects, such as
fruit, has a plurality of individual cups arranged in a
spaced array on a conveyor means to singularly re-
ceive and carry fruit from a feeding station to an opti-
cal reading station where light from a source of illumi-
nation under the conveyor means passes through bot-
tom apertures in the cups to be diffused by the carried
fruit with the scattered light being captured by fiber
optic means disposed at an angle other than 180° with
respect to the source of illumination. Optical means
coupled to the fiber optic means generates electrical
signals proportional to the transmittance of the fruit at
a plurality of selected wavelengths and electronic
means is activated by such transmittance related sig-
nals to generate sorting signals which indicate the con-
dition of the carried fruit. A logic network interprets
such signals and respondingly actuates an ejection sys-
tem wherein air valves are selectively activated to
cause air blasts to eject the fruit from the cups at dif-
ferent sorting stations in accordance with the sensed
condition of the fruit.

19 Claims, 24 Drawing Figures




3,773,112

PATENTEDNROY O 1973

SHCET 1 0F 8

4 CEi3CT— 7172
SANTTRLT R MRS S 28

DZSE

(.

/M

£9/4

OmN

-

L




3,773,17¢

01973

il
4

PATENTED XDV

J26 8

(NI

S

LY-To] 2t

59/4

€21

mw__

€21

5 et ;
T
[ —Lt_—-—l-

2914

— — —
(FITT2 T T ITTITZ T 2D




172

3. 773

PATENTEDNOY 20 1973

130 8

e
e

g

91l

JUSE T
iy S
4] B, \\\\_‘_M.\ % .
Wo\ 2
7
& 2
L=
T
00_ _ _ “
T |
L— v
Lyt

B ey

e — —— — "= — 4
i 19 t

——

8914




O——||-
Lo

3,773,172

3248N0S

90l
39 V.II0A
Lo AN |

oM OETM -

o1—o
oI
oIt

TrTT
£

T4l 8

Qe
Vi

[—0

3

V4ZRCIF

PATENTEDKOY 201973

o—o
Q
(L
[\V]
[+ o}
T
‘Dl\mmg
=
<l R

[y}

N M



N
_r( —
— 26
. . omr/ — —
3 n_. 51
P~ 88
M~ H I W
™M . . 3 ) 2¢1
ol 914 ) 1T Av
_ .W. — 8zl
ovl 4
M 8sl Jogh vm\.m‘Aﬁ
e |
L vs
” T 92i
el
_ _
_ ) - oS
] ¢ 9 0
2 i | 1 ]
B —
< B — 1 0ob RERN M
E | e e ] LN
= B 00!
= vsl es! o on “ 4801 YeT NOI LVLS |
= ¥ °80l ONITYIN~\WV/
pod
m 28I 28l A@ _— ,
I < PAS]] \ , Om\ o -
——g99] '¥SI ‘29|
30UN0S
L 3oV Li0A : ) ~
gt1'914 17389 40 INIWIAOW



PATENTEDNOY 20 1973 3.773.172

FlG.16.
Bk

86

8
' 64% :ﬁ[l 80
/
64 |
-—— 5242
/1 \\ l/{_ .

30 7?9\\«62

FlG.18.

MASTER CLOCK
SOURCE
02

PHOTO 188
DETECTOR




3,773,172

PATENTEDKOY 20 1973

TR 8

;

eure

081 30dNOS hzw_.._/'\/
Ve

O/

et dNd l1linyd

A9Y3IN3 LH9IN- LS

m \

Og 1138

¥0193130 ¥01953130 ¥0103130
281/  oloHd z81”|  oLoHd z81—"| 0L0Hd
) i
304N0S 304N0S 324N0S
g9g9i—~] ¥2017D vo1—1 %2072 z91—=1 %9019
3AVIS IAVIS 3AVIS
y '
091 ) 801 261 | [95] 051
JATVA 8v 1 ¢ vl IAIVA| |3ATVA Cid ovl 3IATVYA| [IATVA ol 8El IATVA
¥V Yos 498 ¥V ¥iv yos 4os div | [ wiv ¥Os ¥os ¥V
31V9 31v9 31v9 31V9 31V9 31V9
anv aNVv aNv anv aNvV aNv
Sl bel o¢l vel 9t 1 BE
yivd ¥1vd ¥ivd divd ¥1vd ¥1vd
‘yVa "4Va ¥V Q ‘¥va NOLON T4V NOLON | 18VG
i
001 901 vel
1] 9] M3L1S193Y ¥31S193y ¥31S193y
LAIHS L4IHS 141HS
W3LSAS OINON1D313




PATENTEDNOY 20 1873 3,773,172
e 8 (F 8

2

FilG.2l.

\L'Ll M 42a
~—172 © "’l" IIIIIIW\I[II&

20 ‘o t O 64a \ 20 ve, (68
@ 0 l O (o) - @
o /
o o170 ()

I | 168

\5\00 | 50a
/

FEEDING STATIONS

FlG.20.

~—25a




3,773,172

1
BLUEBERRY SORTER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally appertains to new
and novel improvements in sorting and classifying sys-
tems and attendant devices and methods and is espe-
cially directed to a new and novel automatic sorting ap-
paratus and method for use in separating objects in ac-
cordance with a sensed physical property thereof, and,
in particular, the automatic sorting of agricultural
products such as fruit, in accordance with the sensed
and evaluated interior condition, quality or other state
thereof.

With particular regard to agricultural products, such
as fruit, the introduction of mechanical harvesting sys-
tems has made it necessary to develop automatic sort-
ing systems that will keep pace with the mechanized
harvesting techniques. This has been required for two
main reasons. In the first place mechanized harvesting
is largely non-selective and, therefore, a quantity of
mechanically harvested fruit contains the complete
spectrum from green to overmature fruit. Green fruit
can be easily sorted by hand, but the level of maturity
beyond the green state is rather difficult, if not impossi-
ble, for manual laborers to distinguish. For example, a
blueberry beyond the green or maroon color state (im-
mature) is blue and unless it has begun to deteriorate,
it cannot be readily selected for maturity with only the
aid of the human eye. In the second place, the volume
rate of fruit produced for processing by mechanical
harvesting devices is very high and manual techniques
for sorting cannot, iver any substantial period of time,
maintain pace with such high volume. Furthermore, as
manuali labor becomes more expensive, the cost factor
will become such that the use of manual labor will be
prohibitive. Coupled with this is the fact that such hand
labor is becoming increasingly scarce.

For these reasons, considerable attention has been
given, of late, to the development of automatic sorting
systems and techniques whereby agricultural products,
such as fruit, can be automatically sorted and classified
in accordance with the viewed or sensed condition and
appearance thereof after such products are delivered to
a feeding station by the mechanical harvesters.

Such developments have been based on discoveries
that agricultural products by their biological nature act
as optical diffusers and can be illuminated from a light
source so that they reflect radiant energy which can be
measured as a quality index to give an evaluation of the
interior condition or quality of such products. Stem-
ming from the need for more precise light transmit-
tance measurements of the interior quality of agricul-
tural products have been attempts at the development
of radiation sensing devices with means responsive to
such devices for classifying and sorting the agricultural
products.

However, various difficulties have been encountered
in the attempts to provide, on the above-stated basis,
fully automated sorters that operate in an efficient
manner with a rapid turnover of a high volume of prod-
ucts. Difficulties have been encountered in the mecha-
nized handling and conveying of the products past an
optical reading station in a fashion so that each product
is scanned and its condition sensed in a properly sin-
gulated manner. Also, known sorters have required
complicated sequential reading and storage mecha-
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nisms. In addition, such devices have tended to damage
the products during the sorting operation, either at the
pick-up or delivery points, especially at the latter, after
the products have been viewed, because of the way that
the products are sent to different sorted products de-
pots.

SUMMARY OF THE INVENTION

Accordingly, a primary object of the present inven-
tion-is to provide an automatic sorting apparatus and
method for sorting agricultural products, as well as sim-
ilar objects, in a way to overcome the afore-mentioned
and other drawbacks attendant with known apparatus
and methods and in a manner to permit a large volume
of such products to be dependably and efficiently
sorted and separated into differently classified groups
without damage or injury to the products.

Another important object of the present invention is
to provide a simple and effective optical reading ar-
rangement for an automatic sorting apparatus wherein
a fiber optical light bundle has a single blended end ad-
jacent the object to be viewed and classified and an op-
posing furcated end adjacent a radiant energy sensing
device with the fiber bundles transmitting the sensed
radiation to at least two separate receptors, thereby
eliminating the need for complicated delay and storage
mechanisms.

Another important object of the present invention is
to prevent saturation of photomultiplier receptors at
the furcated end of such fiber bundle by angularly posi-
tioning a source of illumination, that supplies light to
the objects, and the blended end of the optical bundle
relative to each other at an angle other than 180°

Another important object of the present invention is
to provide means for singularly captivating and carry-
ing objects from a feeding station past an optical read-
ing station to sorting stations without damaging or in-
jurying the objects and in a way so that an optinum de-
livery and conveying rate can be established and main-
tained.

Another important object of the present invention is
to provide an ejection system that responds to a logic
network, which interprets signals from an electronic
system under activation by transmittance related sig-
nals from the viewed objects, and functions to remove
objects from their conveying means in a way so that the
objects are forcibly ejected from the conveying means
and guided in a manner to dissipate the kinetic energy
of the ejected objects.

Broadly stated, the apparatus and method of the
present invention basically has a sorting cycle that in-
volves:

1. Feeding the objects, such as fruit, to an input con-
veying means.

2. Captivating in singular fashion the objects and
moving them by the conveying means in a spaced and
singulated array past a reading station.

3. Reading the physical properties of the objects at
the reading station with an optical system.

4. Processing electrical signals generated by the opti-
cal system through an electronic circuit.

5. Utilizing a logic network, that interprets signals
from the electronic circuitry, to activate on a selective
basis an ejection system to forcibly eject the objects
onto moving output carriers at different sorting sta-
tions.
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More specifically considered, the automatic sorting
apparatus has cups that are mounted in a spaced apart
array on a Ccarrier or input conveyor means and moved
thereby through a feeding station, which is supplied
with fruit or other agricultural products from a har-
vester, so that each cup becomes laden with and retains
a single piece of fruit. The fruit laden cups move ina
particular pattern past an optical reading station where
a light source illuminates the fruit through an aperture
in each cup. The light thusty entering the fruit in a cup
is diffused by the fruit with the scattered light being
captured by fiber optic means disposed at an angle with
respect to the fruit. Optical means coupled to the fiber
optic means generates electrical signals proportional to
the transmittance of the fruit at a plurality of selected
wavelengths. Electronic means is activated by these
transmittance related signals to generate sorting signals
which indicate the interior condition of the fruit, as, for
example, whether a particular fruit, for example, a
blueberry, is underripe, ripe or overripe. An ejection
system comprises a plurality of air nozzles disposed ad-
jacent the carrier or input conveyor means and con-
nected through high pressure air valves to a source of
pressure air. A logic network interprets the signals from
the electronics system to cause selected air valves to be
actuated at particular times. Air blasts then pass
through the apertures in the fruit laden cups to eject
the fruit from the input conveyor means at different
sorting stations onto output conveyors in accordance
with the sensed condition of the fruit. Also, the air
blasts are not activated and some of the fruit is allowed
to pass such sorting stations and to reach a gravitational
sorting station.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view, partly in vertical sec-
tion, of an automatic sorting apparatus in accordance
with the present invention.

FIG. 2 is a transverse cross-sectional view taken sub-
stantially on lines 2—2 of FIG. 1 and illustrating the
catchment and singularizaton of the fruit by the carrier
conveyor supported and carried cups at the feeding sta-
tion, which is in the form of a hopper overlying a por-
tion of the carrier conveyor.

FIG. 3 is a vertical cross-sectional view taken sub-
stantially on lines 3—3 of FIG. 1 and illustrating the
tunnel formation at the feeding station through which
the cup supporting carrier conveyor moves.

FIG. 4 is a vertical cross-sectional view taken sub-
stantially on lines 4—4 of F1G. 1 and illustrating the op-
tical reading station in operational relation with the
fruit laden conveyor carried cups.

FIG. 5 is a vertical cross-sectional view taken sub-
stantially on lines 5—5 of FIG. 1 and showing the fruit
ejectment corridor assembly wherein and whereby the
kinetic energy of the fruit ejected from the conveyor
cups is dissipated.

FIG. 6 is a vertical longitudinal sectional view taken
substantially on lines 6-6 of FIG. 5 and showing the tra-
jectory of the ejected fruit in the ejectment corridor as-
sembly and one of the crosswise disposed catcher or
output conveyors onte which the fruit is deposited at a
sorting station.

FIG. 7 is a horizontal cross-sectional view taken sub-
stantially on lines 7—7 of FIG. 6 and illustrating the
other curvature of the two-way curved ejectment con-
trol corridors.
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FIG. 8 is a top plan view of the sorting stations with
the ejectment arrangement and the control corridors in
relation with the fruit input conveyor and the output or
discharge conveyors and is taken substantially on lines
8—8 of FIG. 1.

FIG. 9 is a vertical cross-sectional view taken sub-
stantially on lines 9—9 of FIG. 1 and showing one of
the crosswise output conveyors at a scrting station in
relation with the cup carrier conveyor.

FIG. 10 is a top plan view of one of the fruit captivat-
ing and carrying cups on the carrier or input conveyor.

FIG. 11 is a vertical cross-sectional view through one
of the cups and is taken substantially on lines 1111
of FIG. 10 and shows the side design of the cups. FIG.
12 is a vertical cross-sectional view taken substantially
on lines 12—12 of FIG. 11 and showing the frontal de-
sign of the cups and the high back wall.

FIG. 13 is a partial schematic illustration of one of
the sorting stations illustrating the cups in relation to
the ejection air nozzles with the air control valves
therefor.

FIGS. 14A and 14B are combination schematic and
block diagrams of the electronic system for the auto-
matic sorting apparatus of the present invention.

FIG. 14C is a graph illustrating the relative magni-
tude of pulses generated by underripe, ripe and over-
ripe fruit carried by the cups on the carrier conveyor.

FIG. 15 is a diagrammatic illustration of the physical
relationship of the reading station with the sorting sta-
tions.

FIG. 16 is a block diagram illustrating the optical sys-
temn at the reading station.

FIG. 17 is a block diagram of the synchronization and
ejection system.

FIG. 18 is a schematic showing of the master clock
source.

FIG. 19 is a top plan view of a modified form of auto-
matic sorting apparatus in accordance with the present
invention.

FIG. 20 is a vertical cross-sectional view taken on
lines 20—20 of FIG. 19.

FIG. 21 is a transverse cross-sectional view taken
substantiaily on lines 21—21 of FIG. 19 and showing
the design of the fruit carrying cups used with the modi-
fied form of FIG. 19.

FIG. 22 is a perspective view of the cup shown in
cross-section in FIG. 21.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now more particularly to the accompany-
ing drawings and initially to FIGS. 1-18, the automatic
sorting apparatus 25 includes a carrier or input con-
veyor 30 which is in the form of a flexible conveyor beit
that is supportively mounted on idler rollers 32 and 34
arranged in a longitudinally spaced apart parallel and
coplanar relation and a drive roller 36 which is parallel
with the idler rollers and disposed therebelow. The
drive roller 36 is positioned in a horizontal plane below
the rollers 32 and 34 so that the belt has an upper reach
40 at one end with such reach being inclined at an
angle of about 45°. The angle of inclination with re-
spect to the horizontal of the reach 40 can be adjusted
by moving the idler rollers 32 and 34 bodily relative to
the drive roller 36 that is driven by a suitable drive as-
sembly (not shown) so as to move the belt 30 in a coun-
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ter-clockwise direction, as indicated by the arrow 38 in
FIG. 1.

The carrier conveyor belt 30 is formed with a pat-
terned series of vertical holes 41 within which the eye-
let bases 43 of carrier cups 42 are fixedly secured in a
rivet-like fashion. The carrier cups are arranged in a
staggered array, as shown in FIG. 2, with the cups being
in parallel rows that are lontiduinally spaced apart and
are slanted from one side edge of the carrier conveyor
belt to the opposing side edge.

Each of the cups 42, as shown in FIGS. 10-12, is of
cylindrical or rounded form and has an open front face
or side 44 and a confronting, relatively high rounded
back wall or side 46 with top edges that are inclined
from the open front face to the central round top edge
of the back wall 46. Thus, each cup is of an open-faced
form with a cross-sectional shape or configuration that
approximates the geometrical shape of the object to be
sorted. For example, as shown, the cups are of cylindri-
cal shape to contain berries. The dimensions of the
cups are chosen so that only one piece of fruit can oc-
cupy the space within the confines of the cup structure
at any one time, thereby, enabling the cups to singular-
ize the fruit in capturing the fruit at a feeding or loading
station. The bases or bottoms 43 of the cups have verti-
cal apertures 48 which, in the given instance, structur-
ally result from the eyelet formation of the bases that
attach the cups to the carrier belt 30.

The cups are oriented on the upper face of the belt
30 so that they upstand therefrom with the open front
sides of the cups facing the direction of motion of the
belt, as shown in FIGS. 1 and 2. The cups are in stag-
gered row arrangement, as aforedescribed, so as to co-
operate with a feeding station in the form of a loading
or catchment hopper 50, as shown in FIGS. 2 and 3, in
the singularization capture and conveyance of the fruit
from the feeding station.

The carrier belt 30 with the supported cups 42 on its
outer face cooperates with the hopper along the in-
clined end reach portion 40 thereof, with the belt reach
portion 40 passing through the hopper as a moving up-
wardly inclined bottom wall therefor. The belt moves
through a slot-like opening 54 formed transversely in
the lower edge portion of the outer or front wall of the
hopper adjacent to the roller 36. A tunnel element 56
is positioned in the opening so as to close off the same
while allowing the belt to pass therethrough below the
tunnel element, as shown in FIG. 2. The tunnel element
is held in place by suitable support means and is pro-
vided with longitudinally extending, individual chan-
nels 58 which are in parallelism and are laterally spaced
apart the same distance as the spacement between the
cups in each of the rows.

The cups 42 entering the hopper 50 pass through the
channels 58, as shown in FIGS. 2 and 3, with the length
of the channels being such that as one cup in one longi-
tudinal line on the belt face exits from the inner end of
the tunnel, the next successive cup enters the same
channel at the outer end of the tunnel. As can be appre-
ciated from FIG. 2, the length of the channels is such
in relation to the longitudinal spacement between the
cups in each line that there is always a cup in a channel
to block off the channel at its outer end and to ensure
that no fruit 52 can escape from the hopper by falling
out through one of the channels. The cups, as can be
appreciated from FIG. 3, are of such a size and shape
in relation to the cross-sectional shape and area of the
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channels that the cups occupy a sufficient amount of
the area so that a fruit 52 cannot move past the cup.
Thus, any fruit rolling or sliding in a channel will be
moved therefrom into the hopper by the cup traveling
in the channel.

Due to the slanted row arrangement of the cups on
the face of the belt, there is always a cup in one of the
channels with one cup in a given row exiting from its
channel, while the other cups in the same row are mov-
ing through and entering their channels. The cups are
disposed in slanted row array for another reason having
regard to the reading station 60, as will be explained.

The apparatus 25 was designed primarily for sorting
blueberries; however, the features and characteristics
of the apparatus permit its utilization in sorting other
fruits such as applies, oranges, cranberries, grapes,
cherries, and any other fruit or vegetables which have
an approximately spherical shape. The adaptation to
any fruit of the above types is a matter of changing the
cup size in order to achieve singularization of the fruit
for the reading head.

Considering FIG. 1, fruit is fed into the catchment
hopper 50 at a sufficient rate to keep the cups 42 filled.
Filling of the cups 42 takes place on the inclined reach
portion 40 of the belt 30 within the hopper 50. The
cups 42 are arranged on the belt in the staggered array
in order that only one fruit at a time passes under the
reading station 60. The cups 42 are designed to scoop
the fruit as they progress up the incline.

The cups pass up and out of the hopper with each cup
carrying a fruit that it has scooped up from the interior
of the hopper. From the upwardly inclined reach 490,
the belt moves in a substantially horizontal path past
the reading station 60, as shown in FIG. 1, where the
fruit laden cups are optically viewed to determine the
interior condition, quality, or some other sorting char-
acteristics or physical properties of the fruit.

The reading station, as shown in FIGS. 1 and 4, com-
prises a plurality of ligt sources 62 that are vertically
disposed transversely beneath the belt 30 in a spaced
apart row arrangement with the lateral spacing being
the same as the lateral spacing of the cups in their row
array on the belt 3¢. The number of light sources de-
pends upon the number of cups in a row. In the present
instance, there are three cups to each row, so that there
are three channels 58 in the tunnel element 56 and thre
are three light sources. But the light sources are in
alignment transversely of the carier belt 38. Above the
outer face of the belt and above the cups there are
three laterally aligned and spaced apart light sensing
probes 64. A probe is provided for each light source
and each cup in the row, so that there would be as
many probes as cups and light sources. The present
form is what may be termed a three channel sorter.

The light sources are lamps that are prefocused to il-
luminate the interior areas and beyond of the cups by
passing light rays through the bottom apertures 48 in .
each of the cups. In the present invstance, the sorter
has been developed for use in sorting blueberries and,
in regard thereto, it has been found that tungsten lamps
function satisfactorily as the light sources.

As shown in FIG. 4, the probes 64 are in the form of
blended flexible fiber optic bundles. The probes, as
shown in FIG. 1, are in alignment tranversely of the
carrier belt 30 but due to the slanted row arrangement
of the cups on the outer face of such belt only one fruit
laden cup is presented at a time to be viewed or sensed
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by its associated overhanging probe 64 at the reading
station 60. The bundles 64 are bifurcated to permit
measurement at two wavelengths as will be described.
Polyfurcated fiber optic bundles can be used to per-
form measurements at more than two wavelengths in a
manner to be described.

The particular design of the reading station 60 using
light guides having their ends blended near the fruit to
transmit light simultaneously to two separate filters
permits multiple optical density readings to be made
simultaneously and, thereby, eliminates the need for
complicated sequential reading and storage mecha-
nisms normally required when multiple optical density
readings are desired.

As each fruit laden cup moves past the reading sta-
tion 60, light from one of the lamps 62 enters the cup
through the optical aperture 48 provided in the bottom
of each cup. Since fruit, like most biological materials,
is an excellent diffuser, light entering the cups through
the apertures 48 and entering the berries captively car-
ried by the cups is scattered in all directions, as illus-
trated by the scattered light ray pattern 66 in FIG. 4.
The fiber bundles, as shown in FIG. 4, are oriented at
an angle less than 90° to the horizontal 67 and are posi-
tioned adjacent the fruit cups 42 in an angular relative
manner so as to prevent direct optical coupling of the
light ray 68 to the fiber bundle 64 when no fruit is pres-
ent in a cup.

The reading station is designed to utilize the diffusing
property of fruit by sensing a portion of the diffused
light at an angle other than 180° Thus, saturation and
possible damage to photomultiplier tubes, as will be de-
scribed, will be avoided in the event that a cup without
any fruit therein should pass the reading station and be
subjected to the light rays emitted there. In this respect,
the light source or lamps and the probes are out of op-
posing alignment, as aforedescribed, and are in an an-
gular relationship other than 180°.

After passing the reading station 60 and being sub-
jected to the optical viewing at such station, the fruit is
conveyed to sorting stations 108a, 1085 and 110, as
shown in FIG. 1 and, depending upon the viewed and
sensed condition of the fruit, such is removed at a se-
lected one of such sorting stations. In the present in-
stance, there are the three sorting stations 108a, 108b
and 110 to correspond to the sorting of the berries
based on maturity characteristics of (1) ripe; (2) over-
ripe or (3) underripe.

The sorting stations 108a and 108b are in longitudi-
nal alignment along the upper horizontal reach portion
of the belt 30 forward of the reading station 60, while
the sorting station 110 is in the nature of a gravitational
dumping of the fruit as the belt moves over the roller
32. The station 110 operates in the case of fruit still in
the cups after the cups have moved past the succes-
sively arranged stations 108a and 1085 and because of
the condition of the fruit such has not been ejected at
the stations 108 and 108b. Output conveyor means
(not shown) is arranged to receive and transport the
fruit from the sorting station 110.

Each of the sorting stations 108a and 108b is pro-
vided with a set 109 of vetically disposed air nozzles
112, with each set consisting of three nozzles arranged
in an aligned row transversely beneath the belt 30 in
the area of such stations. There is one nozzle in each
set at each station for each channel or each line of
cups. Since the present apparatus 25 is a three channel
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sorter with three cups in a row, there are three nozzles,
per set, as shown in FIG. 13. Each of the nozzles is con-
nected through high pressure air hose 114 to a control
air valve, as shown in FIG. 13.

Since there is a set of air valves at each of said sorting
stations 108a and 108b with three air valves to a set,
there is a total of six air valves in the present three
channel form of the apparatus 25. Such air valves 150,
152 and 154 and 156, 158 and 169 are shown in FIG.
13 and are activated in selective fashion by a logic net-
work that interprets signals from an electronic system,
as will be described. The air valves are connected to a
source of air pressure (not shown) by suitable conduit
means.

The air nozzles in each of the two sets are vertically
disposed beneath the belt so as, upon opening of the as-
sociated control valve, to direct air blasts upwardly
toward the under side or face of the belt. As previously
stated, each of the cups 42 has an aperture 48 in its bot-
ton and such apertures serve not only as optical pas-
sages for the light rays in the optical reading system but
also function, in the ejectment of the fruit at the sorting
stations 108a and 108b, as pathways for the ejecting air
blasts from the underlying air nozzles. The air nozzles
only function when their valves are opened and the
opening of the valves is controlled in a manner to be
described.

Each of the sorting stations 1084 and 108% is pro-
vided with guide and control means 116 for guiding and
controlling the fruit ejected upwardly out of the cups
42 by a blast of air from one of the nozzles. Such means
116 includes an arcuate hood 118 which has a vertical
wall 120 and which is internally divided by parallel, lat-
erally spaced vertical partitions 122 and vertical end
walls 122a into a plurality of vertical corridors 123 that
overlie the longitudinal line of the cups 42 on the belt
30. Thus, there is a corridor 123 for each longitudinal
line of cups on the belt, so that there are three corridors
to correspond to the three channel form of the sorting
apparatus 25. The partitions 122 and the end wall 122a
are curved in a vertical plane, as shown in FIG. 7. Thus,
the parallel corridors are double curved, in a vertical
and horizontal sense, so as to constrain the ejected fruit
52 to follow somewhat of a parabolic trajectory.

When a fruit laden cup 42 reaches one of the sorting
stations 108a or 108b and the condition of the con-
tained fruit in such cup is such that it has been selected
to be discharged at one of such stations, a synchronized
air blast from one of the air nozzles will propel the fruit
upwardly into one of the corridors 123. The ejected
fruit is first trapped in the parallel curved corridor 123
wherein the kinetic energy of the ejected fruit is dissi-
pated as it travels through an approximate parabolic
trajectory, as shown in FIG. 6. Since the corridors are
curved, the fruit cannot return or bounce out before its
kinetic energy is dissipated.

The thusly spent fruit drops without being damaged
onto the upper moving face of an output or discharge
belt conveyor 125 which mvoes transversely of the car-
rier belt 30, as shown in FIG. 5, and lies at each sorting
station 108a and 108b in horizontal plane of the carrier
belt portion, so that the cups with or without fruit can
freely pass the plurality of cross-conveyors 125. The
discharged fruit is carried on one of the conveyors 125,
that travel in the direction of the arrows of FIG. 8 trans-
versely of the longitudinal path of travel of the carrier
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belt 30, to a location at the side of the apparatus 25 for
further processing and packaging.

Optical density of the fruit, such as the blueberries,
was selected as the basis for sorting the fruit in accor-
dance with the operation of the sorting apparatus 25.
For example, it is known that as blueberries mature, the
anthocynin content increases which causes darkening
of the fruit and an increase in the optical density at 740
nanometers (nm) with respect to the optical density at
800 nm. A nanometer equals 10~® meters. Further-
more, experimental work with blueberries has deter-
mined that

AOD=0D,,—OD;4

where OD,,= optical density of the berry at 800 nm

OD, .~ optical density of the berry at 740 nm
is proportional to the maturity of the berries. Thus,
blueberries may be sorted for maturity by measuring
the optical density of the berries at two wavelengths.
Other fruit and other agricultural products may also be
sorted for maturity on the basis of chlorophyll content,
carotene, or other characteristics by properly selecting
the filters as described below.

Referring to FIGS. 4, 14A and 14B and 16, scattered
light passing through the fruit 52 is gathered by the
fiber optic bundle 64. In the present embodiment, each
bundle 64 is bifurcated and has two branches 78 and
72. The branch 70 is connected to a filter 74 which, in
turn, is connected to a photomultiplier tube 76; and the
branch 72 is connected to a filter 78 which, in turn, is
connected to a photomultiplier tube 80. The present
embodiment is disclosed as using bifurcated bundles 64
because, as discussed above, it is possible to sort blue-
berries on the basis of two wavelengths. If it were desir-
able to use more than two wavelengths in the sorting
process, polyfurcated bundles could be used.

Proper selection of the filters 74 and 78 is dependent
upon knowledge of the optical properties of the fruit to
be sorted. In the present example involving blueberry
sorting, the filter 74 will pass light energy at a wave-
length of 740 nm and the filter 78 will pass light energy
at a wavelength of 800 nm. Thus, a light energy receiv-
ing tube 76 is provided that will read the transmittance
of the berry at 740 nm, and the tube 76 will generate
a current proportional to transmittance at 740 nm.
Likewise a light energy receiving tube 80 is provided
that will read the transmittance of the berry at 800 nm,
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and the tube 80 will generate a current proportional to

the transmittance at 800 nm. Such tubes 76 and 80
constitute separate photoelectric means disposed adja-
cent each filter for receiving light energy filtered by the
filters and for generating electrical signals proportional
to the maturity of the berries at the wavelengths se-
lected by the filters.

Since the optical density of the fruit is needed and
since

oD

— LogyeT
where

T = Transmittance

the anodes, 77 and 81, of the tubes 76 and 80, respec-
tively, are connected to logarithmic amplifiers 82 and
84 which produce output voltages proportional to the
log of the input currents. Since the input currents to the
amplifiers 82 and 84 are proportional to the transmit-
tance of the fruit at 740 nm and 800 nm, respectively,
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the output voltages from the amplifiers 82 and 84 will
be proportional to the optical densities of the fruit at
740 nm and 800 nm. Of course, the output voltages
from the amplifiers 82 and 84 will be proportional to
the optical densities of a fruit sample at any selected
wavelength, as determined by the filters 74 and 78. The
optical density difference, AOD, is calculated by feed-
ing the outputs from the log amplifiers 82 and 84 to a
difference amplifier 86; the output voltage from the
amplifier 86 is proportional to the difference in optical
densities of the fruit at 740 nm and 800 nm, and is,
therefore, proportional to the maturity or degree of
ripeness of the fruit, in accordance with the sensed con-
dition aforestated.

As each fruit passes the reading station 60, a pulse
appears at the out-put of the amplifier 86. Continuing
to assume that the fruit is a blueberry, the height of the
pulse is directly proportional to the degree of maturity
of the berry. Overmature berries produce a relatively
large pulse, as illustrated at 88 in FIG. 14C, while the
illustrated smaller pulses 90 and 92 correspond to ripe
and underripe (green) berries, respectively. The output
pulses from the amplifier 86 can, therefore, be used to
sort the berries with respect to maturity.

Output pulses from the amplifier 86 are fed to com-
parators 94 and 96 which have adjustable reference
voltage levels set relative to expected pulse outputs
from the amplifier 86. For example, assuming that the
reference voltage of the comparator 94 is set to the
peak voltage 88 (FIG. 14C) expected from the ampli-
fier 86 and that the reference voltage of the compara-
tor 96 is set to the peak voltage 90, then berries passing
under the reading station 60 and producing an output
pulse at the amplifier 86 greater than or equal to the
reference voltage of the comparator 94 will produce a
logic level zero output from the comparator 94. This
logic zero is fed to an inverter 98 where the zero is con-
verted to a logic level one; and this logic one is fed to
a shift register 100 on the first occurring pulse from a
standard master clock source 102 (FIG. 14A). The
master clock source is driven off of a single channel on
the carrier belt 30, as illustrated in FIG. 18. In this re-
spect, a light source 186 illuminates photo detector 188
each time a cup passes. The signal generated by the
photo detection 188 is fed to the master clock source
102 (FIG. 14A) to drive that clock source in synchro-
nism with the movement of the conveyor cups 42. The
logic one fed from the inverter 98 to the register 100
acts simultaneously to deactivate a gate 104 so that a
logic zero is fed to a second shift register 106. The logic
information in the shift registers 100 and 106 moves
along at the rate of the master clock pulse frequency.
The same process would be followed if the comprator
96 was activated, except, in that case, the comparator
94 would not be activated by pulses smaller than the
pulse 88 (FIG. 14C). The movement of the berries
from the reading station 60 to the sorting stations in
FIG. 1 is synchronized with the movement of the logic
information in the shift registers 100 and 106 so that
the berries will be in sorting positions and ejected as de-
sired at the sorting stations when the registers 10® and
106 actuate the correct air valve as described below.

The state of switches S1, S2, 83 and S4 determines
which berries will be ejected at the sorting stations
108z and 108b and which berries will be permitted to
drop out at the sorting station 110. The following chart
describes the sorting sequence:
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S3 & sS4 & S1 &
Sorting S4 Closed S2 Closed S3 Closed
Station S1 & S2 Open S3 & St Open S2 & S4 Open
108a Ripe Green Ripe
1084 Qverripe Overripe Green
110 Green Ripe Overripe

Thus, the sorting sequence and position is easily de-
termined. The shift register 124 carries the sorting in-
formation for green fruit which produces pulse 92
(FIG. 14C). When neither of the cmparators 94 or 96
is activated, a logic one is fed to the shift register 124
by the comparator 96. When one of the compraators
94 and 96 is activated, a logic zero is fed to the register
124.

Channeling of the logic information passing through
switches S1-84 is controlled by OR gates 126 and 128.
Logic ones coming out of the shift registers 109, 106
and 124 initiate sorting signals; and logic zeros dictate
that no sorting will occur. Logic ones from OR gates
126 and 128 are fed through conventional delay-
duration circuits 130 and 132. These delay duration
circuits permit an adjustable O-30 millisecond delay of
the air pressure signal with an adjustable 10100 milli-
second duration of the air pressure signal.

FIG. 17 illustrates the cup synchronization system in
block form. There is one photodetector 182 and one
light source 180 disposed on opposite sides of the belt
30 for each channel in the system. As fruit cups pass
the synchronization station, light from the source 186
falls upon a detector 182 each time a cup in a particular
channel passes. Light falling upon a detector 182 gen-
erates a signal which turns on a slave control clock 162,
164 or 166 as determined by the chanel passing the
light.

The present three channel system includes six AND
gates: three AND gates comprise Darlington pair 134
and SCR’s 138, 140 and 142, respectively; and another
three AND gates comprise Darlington pair 136 and
SCR’s 144, 146 and 148, respectively (FIGS. 14B and
17).

Air valves 150, 152 and 154 are in the anode circuits
of SCR’s 138, 140 and 142, respectively; and air valves
156, 158 and 160 are in the anode circuits of SCR’s
144, 146 and 148, respectively. The Darlington pairs
134 and 136 are turned on by information from the
shift registers 160, 106 and 124. The SCR’s 138, 140,
142, 144, 146, and 148 are turned on by the slave
clocks 162, 164 and 166. The slave clock signal deter-
mines which cup (channel} is at the sorting station
(only one cup/channel in a sorting station at a time};
and the information signal from the shift registers de-
termines whether a sorting will be performed. If both
signals are not coincident, ejection and sorting will not
occur. Coincidence of signals at either AND gate re-
quires that one air valve at one of the sorting stations
will be activated because because the air valves are
connected in the anode circuits of the SCR's.

The automatic sorting apparatus 25 can operate at a
high practical rate. In this respect, the following data is
pertinent:

Maximum speed of the belt 30 is approximately 25
in/sec. Nominal speed is 20 in/sec. At 20 in/sec the ap-
paratus 25 will sort 20 berries/sec or 120 berries/mi-
nute. This is approximately 0.4 pint/minute.

Sorting at a rate of 30 pints/minute will require a
through-put of 9,000 berries/minute or 150 berries/sec.
Designing the belt with 10 cups/in and running at a
speed of 20 in/sec gives a sorting rate of 200 berries/sec
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(BPS) with 100 percent fill. Percent of fill is normally
greater than 90 percent at a speed of 20 in/sec. Thus,
a sorting rate of 180 BPS is commercially possible.

In respect to the number of lines per set of the photo-
multiplier tube, the following data is pertinent:

A fiber optic with a diameter of one-fourth inch is bi-
furcated giving a bundle size of approximately 3/16
inch diameter.

Area of bifurcated bundle =wd*/4
= (w/4) (3/16)%
= (7/4) (9/256)
= 0.0276 in?®
AREA of PMT = «(1.25)%/4
= 1.226 in?

No. of fiber bundles/PMT = 1.226/0.0276 = 44.4

Each photomultiplier tube could handle up to 44
channels.

FIGS. 19-22 illustrate a modification of the auto-
matic sorter. As shown therein, the automatic sorting
apparatus 25a includes a sorting disc or platform 168
that is rotated by a drive means 174 and has a plurality
of fruit cups 42a disposed in a circular array thereon.
Feeding of fruit to the cups at the feeeding stations 50a
can be either manual or automatic. Fiber optic sensing
means 64a are disposed at a reading station 60a to col-
lect light scattered by fruit in the cups from an underly-
ing lamp 62a. A plurality of air nozzles 112z are dis-
posed adjacent the fruit cups 42 to form sorting stations
108c-108¢ where fruit is ejected from the cups upon
command from the reading station. Qutput conveyor
means (not shown) receives the ejected fruit. A plural-
ity of photediode clock apertures 170 are formed in the
disc 168 to provide for synchronization between cup
arrival at a sorting station and ejection of fruit by an air
blast. A synchronizing photodiode light detector is il-
lustrated at 172. The optical and electrical systems
used to control sorting of fruit in this modification are
similar to the optical and electrical systems described
above in respect to the apparatus 25.

FIGS. 21 and 22 more specifically illustrate the struc-
ture of the cups 42a which are in the nature of an annu-
lar ring having a flat top surface. Due to the horizontal
positioning and movement in a circular path of the con-
veyor means 168, the cups 42a do not require any high
back wall, as in the case of the cups 42 that move in an
inclined path to scoop up fruit from the hopper 50 of
FIG. 1. However, the optical aperture 48 in the bottom
of the cup is still needed and is present.

It is believed that from the foregoing description
taken in conjunction with the acocmpanying drawings
the operation of the automatic sorting apparatus 25 or
254 will be fully clear and, therefore, a more detailed
operational description is believed unnecessary.

Of course, while both of the illustrated and described
forms 25 or 25a have been specifically disclosed, it is
to be understood that neither such description nor illus-
trations thereof or the ““Abstract” constitute the inven-
tion which is only defined and delimited by the terms
and scope of the appended claims.

What is claimed is:

1. The method of automatically sorting agricultural
products in accordance with a sensed physical property
thereof comprising:

a. conveying such products in singular successive
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fashion from a feeding station to a reading station;

b. illuminating the products at the reading station in
a manner so that light rays are diffused by the prod-
ucts in a scattered pattern;

c. optically capturing the scattered light;

d. filtering the captured light to select at least two
wavelengths of light energy transmitted from the
products;

e. simultaneously generating electrical signals pro-
portional to a physical property of the products at
each wavelength selected; and,

f. simultaneously interpreting such signals and re-
sponsive thereto depositing the products at various
sorting stations in accordance wiht the sensed
physical properties thereof, wherein the electrical
signals generated are optical density signals that
generate optical density difference signals and step
f) includes
1. comparing the optical density difference signals

with reference level voltages;

2. generating logic levels output signals in response
to the different magnitudes of the optical density
difference signals; and

3. selectively directing discharging air blasts at the
products to deposit them at selected sorting sta-
tions in accordance with the logic levels output
signals.

2. Apparatus for sorting objects by measurement of
radiant energy transmitted therefrom at at least two
wavelengths comprising a source of radiation to illumi-
nate the object to be sorted, a bundle of light transmit-
ting optical elements having a blended end positioned
to receive radiant energy from the object to be sorted,
the other end of said bundle being furcated, a radiant
energy sensing device at the terminal of each furcation,
and means responsive to said radiant energy sensing de-
vices for sorting the illuminated objects, said source of
illumination and the blended end of the optical bundle
being angularly positioned relative to each other at an
angle other than 180°, means for conveying the objects
from a feeding station past the source of radiation and
said conveyor means having cups for singularly carry-
ing the objects in successive fashion past the source of
radiation, each of said cups having an aperture for the
passage of illumination from said radiation source to
said carried objects to be sorted, said source of radia-
tion and said optical elements being disposed on oppo-
site sides of said conveyor means and illumination from
said radiation passes through each conveyor cup aper-
ture to be defracted by said object and received by said
optical elements. '

3. The invention of claim 2 wherein said radiant en-
ergy device comprises separate filter means positioned
at each furcation termination for selectively passing a
single wavelength of light energy transmitted from said
object, and separate photoelectric means disposed ad-
jacent each said filter means for receiving light energy
filtered by said filter means and generating electrical
signals proportional to a physical property of said ob-
jects at each wavelength selected by said filter means.

4. The invention of claim 3 wherein said physical
property is the transmittance of said objects.

5. The invention of claim 2 wherein said means re-
sponsive to said radiant energy sensing devices for sort-
ing the illuminated object comprise electronic means
coupled to said radiant energy sensing means for gener-
ating sorting signals based on a physical property of
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said objects, and pressure actuated sorting means re-
sponsive to said sorting signals for sorting said objects.

6. The invention of claim 2 wherein said conveyor
means is a belt and said conveyor cups are disposed on
said conveyor belt in a staggered array in a plurality of
channels whereby only one such conveyor cup will be
located at said radiation source at the same time.

7. The invention of claim 6 further comprising a
source of radiation for each said channel and a bundle
for each said channel.

8. Apparatus for sorting objects by measurement of
radiant energy transmitted therefrom at at least two
wavelengths comprising a source of radiation to illumi-
nate the object to be sorted, a bundle of light transmit-
ting optical elements having a blended end positioned
to receive radiant energy from the object to be sorted,
the other end of said bundle being furcated, a radiant
energy sensing device at the terminal of each furcation,
means responsive to said radiant energy sensing devices
for sorting the illuminated objects, said means respon-
sive to said radiant energy sensing devices for sorting
the illuminated object comprise electronic means cou-
pled to said radiant energy sensing means for generat-
ing sorting signals based on a physical property of said
objects, pressure actuated sorting means responsive to
said sorting signals for sorting said objects, said physi-
cal property of said objects is transmittance and said
electronic means comprise logarithmic amplifier means
for generating optical density signals at at least two
wave lengths, differential amplifier means for receiving
said optical density signals and generating optical den-
sity difference signals, comparator means for compar-
ing said optical density difference signals with refer-
ence level voltages and generating logic levels output
signals in response to the magnitudes of said optical
density difference signals, shift register means for re-
ceiving and passing said logic signals, a master clock
source for driving said shift registers, delay circuit
means for delaying and extending the duration of said
signals passed by said shift registers, and AND gate
means responsive to shift register output signals and to
synchronized object position signals for activating said
sorting means.

9. The invention of claim 8 wherein said AND gate
means comprises a plurality of AND gates, each said
AND gate comprising a transitor pair turned on by said
shift register output connected in series with a silicon
controlled rectifier turned on by slave clock means re-
sponsive to the position of said objects to be sorted for
generating sorting signals.

10. Apparatus for sorting objects by measurement of
radiant energy transmitted therefrom at at least two
wavelengths comprising a source of radiation to illumi-
nate the object to be sorted, a bundle of light transmit-
ting optical elements having a blended end positioned
to receive radiant energy from the object to be sorted, -
the other end of said bundle being furcated, a radiant
energy sensing device at the terminal of each furcation,
means responsive to said radiant energy sensing devices
for sorting the illuminated objects, said means respon-
sive to said radiant energy sensing devices for sorting
the illuminated object comprise electronic means cou-
pled to said radiant energy sensing means for generat-
ing sorting signals based on a physical property of said
objects, and pressure actuated sorting means respon-
sive to said sorting signals for sorting said objects, said
pressure actuated sorting means includes ejector means
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comprising air nozzles for directing air blasts through
said cup apertures to eject objects from the cups and
air valves controlling the passage of air to and through
the air nozzles, said air valves being selectively acti-
vated by the sorting signals.

11. The invention of claim 10 further comprising
ejection corridors disposed adjacent said ejector means
for receiving and directing objects ejected from the
conveyor means, said corridors having a plurality of
curved parallel partitions to form a plurality of curved
channels through which said ejected objects pass in a
curved trajectory to dissipate kinetic energy possessed
by said ejected objects.

12. The invention of claim 11 further comprising
sorting conveyor means moving through said ejection
corridors and having upper faces on which the objects
fall in leaving the corridors.

13. Apparatus for sorting objects by measurement of
radiant energy transmitted therefrom at at least two
wavelengths comprising a source of radiation to illumi-
nate the object to be sorted, a bundle of light transmit-
ting optical elements having a blended end positioned
to receive radiant energy from the object to be sorted,
the other end of said bundle being furcated, a radiant
energy sensing device at the terminal of each furcation,
means responsive to said radiant energy sensing devices
for sorting the illuminated objects, conveyor means for
conveying the objects from a feeding station past the
source of radiation and said conveyor means having
cups for singularly carrying the objects in successive
fashion past the source of radiation, each of said cups
having an aperture for the passage of illumination from
said radiation source to said carried objects to be
sorted, and synchronizing light means disposed on one
side of said conveyor means, photo detector means dis-
posed opposite said synchronizing light means on the
other side of said conveyor means, and clock signal
generating means coupled to said photo detector
means for generating clock signals each time a said
conveyor cup passes between said synchronizing light
source and said photo detector.

14. An automatic sorting apparatus for sorting agri-
cultural products in accordance with a sensed physical
property thereof comprising:

a. conveyor means for conveying the products in sin-
gularized successive fashion from a feeding station
to a reading station;

b. a source of illumination disposed at the reading
station for illuminating the products;

¢. fiber optic means disposed at the reading station
for capturing the light rays diffused by the prod-
ucts;

d. optical means coupled to the fiber optic means for
generating electrical signals proportional to the
transmittance of the products at at least two wave-
lengths;

e. an electronic system activated by such transmit-
tance related signals to generate sorting signals
which indicate the physical condition of the prod-
ucts;

f. means for ejecting the products from the conveyor
means at selected sorting stations forward of the
reading station;

g. a logic network for interpreting the signals from
the electronic system for selectively activating said
ejecting means at various sorting stations, said con-
veyor means comprise a moving belt having an
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upper horizontal reach, said reach having an in-
clined end portion, a loading hopper overlying the
inclined end portion and adapted to contain the
products and defining the feeding station, a plural-
ity of cups secured to the belt and arranged on the
outer face thereof to upstand from said horizontal
reach, said conveyor belt with the cups moving
through the bottom portion of the hopper so that
the cups scoop up in a singularizing fashion the
products from the hopper, and said beit has oppos-
ing side edges and the cups are arranged in parallel
rows that are slanted from one side edge to the
other.

15. The invention of claim 14 wherein each cup has
a bottom aperture, said source of illumination underly-
ing the belt and the light rays therefrom passing
through the apertures to enter the products and be dif-
fused thereby and said fiber optic means includes a
bundle of light transmitting elements having a blended
end positioned above the belt to receive radiant energy
from the products.

16. The invention of claim 15 wherein said blended
end of the optical bundle and the source of illumination
are angularly positioned relative to each other at an
angle other than 180°.

17. The invention of claim 15 wherein said means for
ejecting the products from the conveyor means in-
cludes air nozzles vertically underlying the conveyor
belt at the sorting stations and connected to high pres-
sure air lines and air valves in said lines controlling the
passage of air to and through the nozzles, said nozzles
being arranged to pass blasts of air when the associated
air valve is activated by the electronic system through
the apertures in the cups to eject the products from the
cups.

18. The invention of claim 17 including ejection cor-
ridors disposed at the sorting stations and into which
the ejected products are propelled by the air blasts, said
corridors having a plurality of parallel curved partitions
to form a plurality of curved vertical channels through
which the propelled products pass in an approximate
parabolic trajectory so as to dissipate kinetic energy
possessed by said products and output conveyor means
forming the bottom of each corridor and on which the
products fall after passing through the channels.

19. An automatic sorting apparatus for sorting
agricultrual products in accordance with a sensed phys-
ical property thereof comprising:

a. conveyor means for conveying the products in sin-
gularized successive fashion from a feeding station
to a reading station;

b. a source of illumination disposed at the reading
station for illuminating the products;

c. fiber optic means disposed at the reading station
for capturing the light rays diffused by the prod-
ucts;

d. optical means coupled to the fiber optic means for
generating electrical signals proportional to the
transmittance of the products at at least two wave-
lengths;

e. an electronic system activated by such transmit-
tance related signals to generate sorting signals
which indicate the physical condition of the prod-
ucts;

f. means for ejecting the products from the conveyor
means at selected sorting stations forward of the
reading station;
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g. a logic network for interpreting the signals from
the electronic system for selectively activating said
ejecting means at various sorting stations, said con-
veyor means comprising a moving belt having an
upper horizontal reach, said reach having an in-
clined end portion, a loading hopper overlying the
inclined end portion and adapted to contain the
products and defining the feeding station, a plural-
ity of cups secured to the belt and arranged on the
outer face thereof to upstand from said horizontal
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reach, said conveyor belt with the cups moving
through the bottom portion of the hopper so that
the cups scoop up in a singularizing fashion the
products from the hopper, and a tunnel for each
row of cups adjacent the back wall of said hopper
with the length of each tunnel being not less than
the spacing between successive cups of a row
whereby at least one cup of each row of cups is al-

ways in a tunnel.
& * * * *



