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(54) PROXIMITY SENSOR BAR FOR CONVEYOR SYSTEMS

(57) A proximity sensor bar (12) can be configured
to sense or detect the presence or absence of objects
on a conveyor system. The proximity bar (12) can imple-
ment multiple sensor blocks for such sensing with each
sensor block including one or more electronic proximity
sensors (52) and with each sensor block being spaced
a predetermined distance or interval apart from one an-
other along the bar. The proximity bar (12) comprises a
circuit board (30) having a connector to connect to an-
other circuit board and an enclosure (22) to receive the
circuit board (30). The proximity bar can be used on con-
veyor systems, such as roller conveyors in an object
movement and distribution environment, with the prox-
imity bar spanning the width of the conveyor. In such
systems, the proximity bar could be mounted between
adjacent rollers or below such rollers. The proximity bar
can also be used on other conveyor systems, such as
belted conveyors, by mounting the proximity bar above
the conveyor.
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Description

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims priority to U.S. Provi-
sional Patent Application No. 62/855,608, entitled "Prox-
imity Sensor Bar for Conveyor Systems," filed on May
31, 2019, and U.S. Provisional Patent Application No.
62/854,759, entitled "Proximity Sensor Bar for Conveyor
Systems," filed on May 30, 2019, which are herein incor-
porated by reference.

FIELD OF THE INVENTION

[0002] This invention relates generally to detection of
objects in conveyor systems. More specifically, the in-
vention relates to a proximity bar that utilizes connectable
circuit boards for detection of objects across a conveyor
system.

BACKGROUND

[0003] Conveyor systems which move goods or prod-
ucts from one location to another are well known. Typi-
cally, one or more controllers are used to control zones
of a conveyor system by sensing or detecting the pres-
ence of objects and actuating motors to move the objects
in response to such detections in a desired manner. How-
ever, detectors used in such systems are often cumber-
some to install. Moreover, such detectors can be ineffi-
cient with regard to the monitoring required in the system.
It is therefore desirable to provide an improved system
for detection monitoring which overcomes one or more
of the foregoing disadvantages.

SUMMARY OF THE INVENTION

[0004] The present invention is directed to a proximity
sensor bar ("proximity bar") which can be configured to
sense or detect the presence or absence of objects on
a conveyor system. The proximity bar can implement
multiple sensor blocks for such sensing with each sensor
block including one or more electronic proximity sensors
and with each sensor block being spaced a predeter-
mined distance or interval apart from one another along
the bar. The proximity bar can be used on conveyor sys-
tems, such as roller conveyors in an object movement
and distribution environment, with the proximity bar span-
ning the width of the conveyor. In such systems, the prox-
imity bar could be mounted between adjacent rollers or
below such rollers. The proximity bar can also be used
on other conveyor systems, such as belted conveyors,
by mounting the proximity bar above the conveyor. In
one aspect, the proximity bar could comprise one or more
sensor blocks, such as at least six sensor blocks, spaced
a predetermined distance apart from one another along
a bar.
[0005] The proximity bar can be constructed to accom-

modate various width conveyors or machines. The prox-
imity bar can comprise one or more printed circuit boards
(PCB’s) formed as modules which plug into one another
in series to thereby form a modular network of a desired
length. One module, preferably a first module in the se-
ries, can be configured as a master module (or "power
supply module" or "control module") with a processor for
controlling the proximity bar, a sensor array, and/or a
power supply system for receiving external power, con-
ditioning such power and providing the power to subse-
quent modules, or slave modules (or "sensor modules")
having sensor arrays, in the system. The slave modules,
which can serve as bar extensions for achieving an over-
all sensing length across a conveyor system, can effi-
ciently contain only sensor blocks without the overhead
of a processor or power supply system. Accordingly, the
processor of the master module can control a communi-
cation bus and power bus to the slave modules or bar
extensions in the proximity bar.
[0006] Specifically then, one aspect of the present in-
vention can provide a proximity bar including: a circuit
board having a connector for connecting to another circuit
board, in which the circuit board includes an electronic
sensor for detecting an object; and an enclosure config-
ured to receive the circuit board, the enclosure having a
mounting arrangement configured for mounting to a con-
veyor system.
[0007] Another aspect of the invention can provide a
proximity bar including: multiple circuit boards connected
to one another, each circuit board having a connector
configured to connect to another circuit board, in which
at least one of the circuit boards has a proximity sensor
configured to detect an object; an enclosure configured
to receive the circuit boards, and a lens retained by the
enclosure, the lens being configured to cover the prox-
imity sensor.
[0008] Another aspect of the invention can provide a
method for sensing in a conveyor system, including: pro-
viding a circuit board having a connector for connecting
to another circuit board, in which the circuit board in-
cludes an electronic sensor for detecting an object; and
providing an enclosure configured to receive the circuit
board, the enclosure having a mounting arrangement
configured for mounting to a conveyor system.
[0009] These and other features and advantages of
the invention will become apparent to those skilled in the
art from the following detailed description and the accom-
panying drawings. It should be understood, however, that
the detailed description and specific examples, while in-
dicating preferred embodiments of the present invention,
are given by way of illustration and not of limitation. Many
changes and modifications may be made within the
scope of the present invention without departing from the
spirit thereof, and the invention includes all such modifi-
cations.
[0010] According to an aspect of the invention, we pro-
vide a proximity bar comprising:
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a circuit board having a connector configured to con-
nect to another circuit board, wherein the circuit
board includes an electronic sensor configured to
detect an object; and
an enclosure configured to receive the circuit board,
the enclosure having a mounting arrangement con-
figured for mounting to a conveyor system.

[0011] The circuit board may be a first circuit board
having a processor, and further comprising a second cir-
cuit board having a connector and an electronic sensor,
wherein the first and second circuit boards are connected
through the connectors, and wherein the processor may
be configured to communicate with the electronic sen-
sors of the first and second circuit boards.
[0012] The first circuit board may be configured to re-
ceive electrical power, condition the electrical power, and
provide the conditioned electrical power to the second
circuit board through the connectors of the circuit boards
for powering the electronic sensor.
[0013] The electronic sensor may comprise a non-vis-
ible light emitter and receiver.
[0014] The mounting arrangement may be configured
to allow for mounting to a conveyor system in any one of
a plurality of directions.
[0015] The enclosure may comprise a channel or
groove, and wherein the mounting arrangement is con-
figured to be slidably held in the channel or groove.
[0016] The mounting arrangement may comprise a
magnet for mounting to the conveyor system.
[0017] The proximity bar may further comprise a Light
Emitting Diode (LED) indicator configured to flash upon
detection of an error or fault condition.
[0018] The circuit board may include a non-volatile
storage for holding firmware and an interface for re-pro-
gramming the firmware.
[0019] According to a further aspect of the invention,
we provide a proximity bar comprising:

a plurality of circuit boards connected to one another,
each circuit board having a connector configured to
connect to another circuit board, wherein at least one
circuit board of the plurality of circuit boards has a
proximity sensor configured to detect an object;
an enclosure configured to receive the plurality of
circuit boards, and
a lens retained by the enclosure, the lens being con-
figured to cover the proximity sensor.

[0020] The lens may be configured at angle with re-
spect to the proximity sensor.
[0021] The angle may be at least 10°.
[0022] At least one circuit board of the plurality of circuit
boards may have a processor, wherein the processor is
configured to compare a detection of light through the
lens at a first time with a detection of light through the
lens at a second time and send an alert if a difference
from the comparison is greater than a threshold.

[0023] A first circuit board of the plurality of circuit
boards may be configured to receive electrical power,
condition the electrical power, and provide the condi-
tioned electrical power to a second circuit board of the
plurality of circuit boards through the connectors of the
circuit boards for powering the proximity sensor.
[0024] The proximity sensor may comprise a non-vis-
ible light emitter and receiver.
[0025] The mounting arrangement may be configured
to allow for mounting to a conveyor system in any one of
a plurality of directions.
[0026] According to a yet further aspect of the inven-
tion, we provide a proximity bar comprising:

a circuit board having a processor and a sensor con-
figured to detect an object; and
an enclosure configured to receive the circuit board,
the enclosure having a lens and a mounting arrange-
ment configured for mounting to a conveyor system,
wherein the processor is configured to compare a
detection of light through the lens at a first time with
a detection of light through the lens at a second time
and send an alert if a difference from the comparison
is greater than a threshold.

[0027] The circuit board may be a first circuit board
having a processor, and may further comprise providing
a second circuit board having a connector and an elec-
tronic sensor, wherein the first and second circuit boards
may be connected through the connectors, and wherein
the processor may be configured to communicate with
the electronic sensors of the first and second circuit
boards.
[0028] The first circuit board may receive electrical
power, conditioning the electrical power, and providing
the conditioned electrical power to the second circuit
board through the connectors of the circuit boards for
powering the electronic sensor.
[0029] The electronic sensor may comprise a non-vis-
ible light emitter and receiver.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Preferred exemplary embodiments of the inven-
tion are illustrated in the accompanying drawings in which
like reference numerals represent like parts throughout,
and in which:

FIG. 1 is an isometric view of an exemplary section
of a conveyor system including a proximity bar in
accordance with an aspect of the invention;
FIG. 2 is an isometric view of a proximity bar in ac-
cordance with an aspect of the invention;
FIG. 3 is a cross sectional view of the proximity bar
of FIG. 2;
FIG. 4 illustrates an exemplary module contained in
a proximity bar in accordance with an aspect of the
invention;
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FIG. 5 illustrates exemplary modules connected to-
gether in a proximity bar in accordance with an as-
pect of the invention;
FIG. 6 is a detailed view of the exemplary modules
of FIG. 5;
FIG. 7 is a detailed view of exemplary alignment and
locking fasteners used to align and lock modules in
a proximity bar in accordance with an aspect of the
invention;
FIGS. 8 and 9 are detailed isometric views of an ex-
emplary section of a conveyor system including a
proximity bar in accordance with an aspect of the
invention;
FIGS. 10-12 are exemplary isometric views of a prox-
imity bar in accordance with an aspect of the inven-
tion;
FIG. 13 is a cross sectional view of the proximity bar
in accordance with another aspect of the invention;
FIG. 14 is a cross sectional view of the proximity bar
in accordance with another aspect of the invention;
FIGS. 15-17 are cross sectional views of mounting
arrangements for a proximity bar in accordance with
an aspect of the invention;
FIG. 18 is an isometric view of a proximity bar with
a mounting arrangement in accordance with an as-
pect of the invention;
FIG. 19 is a cross sectional view of a proximity bar
in accordance with another aspect of the invention;
FIGS. 20 and 21 illustrate sensor blocks for a prox-
imity bar in accordance with another aspect of the
invention;
FIGS. 22 and 23 illustrate mounting arrangements
for a proximity bar in accordance with another aspect
of the invention;
FIG. 24 is an isometric view of a proximity bar in
accordance with another aspect of the invention; and
FIG. 25 is a cross sectional view of the proximity bar
of FIG. 24.

DETAILED DESCRIPTION

[0031] With reference now to the drawings, where like
numerals refer to like parts throughout, and specifically
with reference to FIG. 1, an exemplary section of a con-
veyor system 10 including a proximity bar 12 is provided
in accordance with an aspect of the invention. The con-
veyor system 10 could be a roller conveyor comprising
multiple rollers 14 for the movement and distribution of
objects of various sizes in a commercial or industrial en-
vironment. The proximity bar 12 can span the width of
the conveyor system 10 by mounting to opposing side
rails 16a, 16b of the conveyor through a plurality of ori-
entations as will be described herein. The proximity bar
12 could be mounted between adjacent rollers 14, such
as in a gap between first and second rollers 14a and 14b,
respectively, or could be mounted below such rollers 14.
In an alternative arrangement, which may be particularly
suitable for other conveyor systems, such as belted con-

veyors, the proximity bar 12 could be mounted above the
conveyor system 10.
[0032] Referring now to FIG. 2, an isometric view of a
proximity bar 12 is provided in accordance with an aspect
of the invention. The proximity bar 12 could comprise a
tube or housing 22 with a single lens or cover 20 arranged
along a longitudinal axis of the housing 22, such as on
top of the housing 22, with first and second opposing end
caps 24a and 24b, respectively, retaining the assembly
together. The lens or cover 20 could be configured to
slide into position on the housing 22, with ingress pro-
tection for the interior of the housing 22, above one or
more proximity sensors 52. The housing 22 could be a
single structure configured to retain one or more printed
circuit boards (PCB’s) formed as modules therein. The
housing 22 could be an extruded metal, such as alumi-
num, an alloy or a plastic, any of which being configured
with substantial rigidity. In one aspect, the lens or cover
20 could be a layer of plastic or glass configured to protect
one or more sensors of the proximity bar 12 from dust,
dirt, debris and the like. The lens or cover 20 could be
substantially flat. However, in another aspect, the lens
or cover 20 could have a curve or shape for optimizing
transmission of light with respect to one or more sensors
of the proximity bar 12, such as a concave or convex
lens. The housing 22 could form a bottom and opposing
sides of the proximity bar 12 with the lens or cover 20
being arranged to form a complete top for the proximity
bar 12.
[0033] With additional reference to FIGS. 3-9, the prox-
imity bar 12 can be constructed to accommodate various
widths of different types of conveyor systems 10. To ac-
commodate such widths, the proximity bar 12 can com-
prise one or more printed circuit boards (PCB’s) 30, each
representatively being about 5 to 9.5 inches in length,
and each being populated with electrical components to
form modules 40, which can plug into one another in se-
ries along their lengths to thereby form a modular network
of a desired overall length. As may best be seen in FIG.
7, one or more alignment and locking fasteners 36 or
screws can be used to properly align and lock each PCB
30, particularly so that each sensor is correctly posi-
tioned. Each PCB 30 could be substantially identical in
size, shape, dimension and layout, and particularly hav-
ing identical length in a longitudinal direction of the bar.
However, one PCB 30a, preferably a first PCB 30 in the
series, can be populated with a first set of electrical com-
ponents to form a master module 40a of the proximity
bar 12, while one or more additional PCB’s 30b, prefer-
ably subsequent PCB’s 30 in the series, can be populated
with a second set of electrical components to form slave
modules 40b of the proximity bar 12 to achieve the de-
sired length.
[0034] The first set of electrical components of the
master module 40a could comprise, among other things:
a processor 42, implemented by a microcontroller, for
controlling the proximity bar 12, including the slave mod-
ules 40b; a power supply system 44 for receiving external
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power, conditioning such power and providing the power
to subsequent slave modules 40b for powering such
modules in the system; firmware, providing configuration
data for the module in a non-volatile storage; and/or one
or more sensor blocks 50 (see FIGS. 3, 5, 20 and 21, for
example), each comprising one or more proximity sen-
sors 52, which sensors could be arranged in one or more
locations in the sensor block. The power supply system
could comprise, for example, a DC-to-DC converter to
allow operation at a standard industrial voltage of 24
VDC. In one aspect, the one or more sensor blocks 50
could be arranged on a bottom of the PCB 30a while the
processor 42 and/or power supply system 44 are ar-
ranged on a top of the PCB 30a.
[0035] The second set of electrical components of the
slave modules 40b could comprise, among other things:
one or more sensor blocks 50, each comprising one or
more sensors; communications circuitry for communicat-
ing with the master module 40a, through one or more
adjacent modules 40; firmware, providing configuration
data for the module in a non-volatile storage; and/or pow-
er circuitry for receiving power from the master module
40a, through one or more adjacent modules 40, and dis-
tributing such electrical power to the one or more sensor
blocks 50 and/or the communications circuitry. The com-
munications circuitry can be operable to implement an
I2C (Inter-Integrated Circuit) bus for communication
among each of the modules 40, including communication
with the processor 42 of the master module 40a. In one
aspect, the one or more sensor blocks 50 could be ar-
ranged on a bottom of a PCB 30b while the communica-
tions circuitry and/or power circuitry are arranged on a
top of the PCB 30b. The slave modules 40b, which can
serve as bar extensions for achieving a desired overall
sensing length across the conveyor system 10, can effi-
ciently contain only sensor blocks without the overhead
of a processor or power supply system. Accordingly, the
processor 42 of the master module 40a can control a
communication bus and a power bus to the slave mod-
ules 40b or bar extensions in the proximity bar 12.
[0036] Each of the modules 40 can include a connector
arrangement 54 for connecting to other modules 40 in
series at module intersections 56 on opposing sides of
the module. The connector arrangement 54 can include
a first connector portion 54a, such as a male connector
with leading pins, at an end of the module, and a second
connector portion 54b, such as a female connector with
sockets for receiving the leading pins, at the other end
of the module. Alternatively, flexible conductors of any
length, such as a ribbon cable, could be used to connect
the first and second connector portions 54a and 54b,
respectively. As shown particularly in FIGS. 6 and 7 by
way of example, a first connector portion 54b of the mas-
ter module 40a is connected to a second connector por-
tion 54a of the slave module 40b in series at a module
intersection 56. The slave module 40b can further include
a first connector portion 54b of its own at an opposing
end for connecting to a second connector portion 54a of

another slave module 40b at another module intersection
56 on the opposing end. Accordingly, multiple modules
40 can be connected together in series, being connect-
able in this way to achieve the desired length. In one
aspect, the proximity bar 12 could include two separate
modules 40, connected to one another. Achieving a
greater length can be accomplished by adding more
modules 40. The first module 40 in the series, which may
typically be a master module 40a, need not include a
connector portion 54 at opposing ends, but rather could
include a connector portion 54 at one end (for connecting
to another module 40) and an output for connecting to a
central network at the other end.
[0037] The connector arrangement 54 can connect
multiple signals from the leading pins of one module 40
to the socket of another module 40. Such signals could
include, for example: one or more communications sig-
nals, such as for communicating updates from the master
module 40a to the slave modules 40b; one or more power
and/or ground signals for transferring power and/or
ground from the master module 40a to the slave modules
40b; and one or more interrupt signals, such as for al-
lowing a slave module 40b to communicate detection of
an object to the master module 40a. In one example, the
communications signals may comprise an PC bus. A
module 40 could be configured to assert an interrupt sig-
nal high, such as to 24V DC, upon a sensor 52 of the
module 40 detecting an object. Alternatively, a module
40 could be configured to assert an interrupt signal low,
such as to GND, upon a sensor 52 of the module 40
detecting an object. Then, the processor 42, in turn, can
assert an output signal to a central network (not shown)
to indicate such detection of the object.
[0038] With additional reference to FIGS. 8 and 9, the
proximity bar 12 operates by continuously monitoring the
multiple sensor blocks 50 for objects moving along the
conveyor system 10. In one aspect, the proximity bar 12
could comprise, for example, at least six sensor blocks
50 spaced a predetermined distance apart from one an-
other along a bar with two modules 40, including a master
module 40a and a slave module 40b. Each sensor block
50 can comprise one or more sensors 52 formed by in-
tegrated circuits, with each sensor 52 comprising an emit-
ter and a receiver. The sensor 52 could be an optical
sensor configured for continuously emitting (or transmit-
ting) a focused, predetermined wavelength of light from
the emitter, such as an Infrared laser, while simultane-
ously detecting a reflection of such light by the receiver.
The receiver detecting a reflection of the light above a
predetermined threshold can indicate presence of an ob-
ject on the conveyor system due to reflection of the light
by the object. Conversely, the receiver failing to detect a
reflection of the light above the threshold can indicate
absence of an object on the conveyor system due to an
absence of reflection of the light by an object. The sensor
52 could comprise any non-visible light emitter and re-
ceiver. In one aspect, the sensor 52 could comprise a
vertical-cavity surface-emitting laser (VCSEL), infrared
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or near-infrared. The sensor 52 could also comprise dis-
crete elements, such as a Light Emitting Diode (LED)
emitter and receiver provided in separate component
packages. The emitter and receiver components could
be mounted, for example, in separate cavities on the cir-
cuit board, which cavities may be separated by a barrier
configured to provide optical isolation.
[0039] In one aspect, the one or more sensors 52 of
each sensor block 50 could be configured for detection
at a given threshold for the sensor 52, which thresholds
could be calibrated for the environment, and which
thresholds could be different from one sensor 52 to an-
other. If any sensor of a sensor block 50 exceeds its
respective threshold, a signal can be generated by the
sensor 52 and sent to a processor to thereby indicate
presence or detection of an object. The sensor blocks 50
can detect presence of an object from a variety of dis-
tances which may depend on the technology used, lens
and/or cover implementations, and/or programmability
of the sensor block 50. In one aspect, a sensor of the
sensor block 50 can detect an object that is at least 0.5
inches away.
[0040] The proximity bar 12 can be configured to help
a user in preventative maintenance for dust manage-
ment. For many applications, and particularly for convey-
or applications, dust or dirt can accumulate on the lens
or cover 20 of sensor blocks 50, thereby impeding light
output and/or reception of reflected signal. If the lens or
cover 20 becomes significantly blocked, reliability of such
sensor blocks 50 to detect presence of objects may be
reduced. Accordingly, the present invention also pro-
vides a method in which a user can be alerted to dust or
dirt accumulation on lenses or covers 20 which exceed
a threshold. For example, the processor 42 can be con-
figured to compare a detection of light, at a sensor 52 of
a given sensor block 50, through a lens or cover 20, at
a first time, with a detection of light through the same
lens or cover 20 at a second time. If a difference from
the comparison is greater than a threshold, thereby indi-
cating an excessive accumulation of dust or dirt on the
lens or cover 20 limiting the transmission of light, the
processor 42 can send an alert to a central network
and/or illuminate flash codes at an indicator 60 compris-
ing one or more Light Emitting Diodes (LED’s) to suggest
a maintenance action. In one aspect, for comparing the
detection of light at different times, the processor can
determine a given number of counts from an amount of
light detected at the sensor at each time. The processor
can then compare the counts at the different times. Typ-
ically, the number of counts that the sensor may output
will vary from a predetermined threshold after a period
of time. This variation is known as "drift," which may be
caused by dust accumulation on the lens or cover 20.
The processor can further execute to apply an average
and/or filter of data collected from the sensor, determin-
ing the counts, for tracking such drift. Accordingly, a cor-
rect threshold window can be maintained for proper op-
eration of sensors providing detection through the lens

or cover 20, typically for determining the presence of an
object on a conveyor.
[0041] For detection of objects, sensors of each sensor
block 50 can convert a reflective, measured light signal
into a corresponding number of "counts" indicating a rel-
ative strength or sum of such reflective light. Due to var-
iations in each integrated circuit of each sensor 52, an
"offset" value can be configured for each sensor block
50. Such offset value could be stored in the proximity bar
12 for each sensor 52 at the time of manufacturing, such
as in non-volatile storage of each module 40. At various
intervals, the proximity bar 12 could measure the offset
and compare such measurement to the stored value to
determine if the value has changed. Such an offset
change could indicate that the lens or cover 20 is being
blocked, thereby causing the sensor 52 to lose its ability
to measure effectively. When a large enough change in
the offset is determined, the proximity bar 12 could trigger
an alert to the user, such as by flashing the indicator 60,
sounding an audible alarm, communicating a message
indicating the offset change over a central network,
and/or the like.
[0042] Referring now to FIG. 10, in another aspect of
the invention, a proximity bar 12’ could comprise a cir-
cumferentially formed tube or housing 22’ having a top,
a bottom and opposing sides, flanked by first and second
opposing end caps 24a’ and 24b’, respectively, for com-
pletely enclosing the modules 40. The housing 22’ could
include multiple openings or apertures 55, arranged
along a longitudinal axis of the bar, such as on the top,
which are positioned over sensor blocks 50 of modules
40 arranged inside the proximity bar 12’. Multiple lenses
or covers 20’, in turn, can be retained by the housing
22’at each aperture 55, over the sensor blocks 50, for
maximizing sensing efficiency.
[0043] Referring now to FIGS. 11-14, in another aspect
of the invention, a proximity bar 12" could comprise one
or more lenses or covers 20" configured at an angle θ
with respect to the sensor block 50. In one aspect, the
proximity bar 12" could comprise a tube or housing with
a single lens or cover 20" arranged along a longitudinal
axis of the housing, such as on top of the housing, with
opposing end caps retaining the assembly together, sim-
ilar to the embodiment of FIG. 2. In another aspect, the
proximity bar 12" could comprise a circumferentially
formed tube or housing having a top, a bottom and op-
posing sides, flanked by opposing end caps, for com-
pletely enclosing the modules 40, with multiple openings
or apertures 55 arranged along a longitudinal axis of the
housing over sensor blocks 50, and with lenses or covers
20" retained by the housing at the apertures, similar to
the embodiment of FIG. 10. Also, in one aspect, as shown
in FIG. 11, the proximity bar 12" could include first and
second opposing end caps 24a" and 24b", respectively,
for retaining the assembly together and/or completely en-
closing the modules 40, which are also configured at the
angle θ in a form fit manner with the lens or cover 20" for
a positive fit. In another aspect, as shown in FIG. 12, the

9 10 



EP 3 745 092 A2

7

5

10

15

20

25

30

35

40

45

50

55

proximity bar 12’" could include first and second oppos-
ing end caps 24a’" and 24b’", respectively, for retaining
the assembly together and/or completely enclosing the
modules 40, which are not configured at the angle θ, but
rather at substantially right angles.
[0044] Providing the lens or cover 20 at the angle θ
can allow light transmitted by the sensor 52 to be better
dispersed external to the proximity bar 12. This, in turn,
can substantially reduce undesirable over saturation of
light as reflected by an object onto the receiver of the
sensor 52 (which over saturation could prevent reliable
detection). In one aspect, the angle θ can be at least 10°,
and preferably about 30°. In one aspect, as shown in
FIG. 13, the lenses or covers 20" can be configured at
the angle θ strictly in areas above the sensor blocks 50.
This might be used, for example, in embodiments having
multiple apertures and multiple lenses or covers over the
apertures. In another aspect, as shown in FIG. 14, the
lenses or covers 20" can be configured at the angle θ
more broadly over the module 40. This might be used,
for example, in embodiments having a single lens or cov-
er over the bar. See also additional aspects as shown in
FIGS. 18 and 19.
[0045] Referring now to FIGS. 15-17, a proximity bar
12 can include various connectivity and mounting ar-
rangements in accordance with aspects of the invention.
For connectivity, an electrical cable 62 can provide power
and/or communications to the proximity bar 12. The elec-
trical cable 62 can be received by a connector of the
master module 40a in the proximity bar 12 for distributing
power to the power supply system 44 and/or enabling
communications between the processor 42 and a central
network (not shown). Power to the proximity bar 12 could
comprise, for example, 24V DC and/or GND signals de-
rived from an external power source, such as an electrical
grid or power generator (not shown).
[0046] For mounting the proximity bar 12, as may best
be seen in FIG. 3 for example, in one aspect, a groove
or channel 70 can be formed along a longitudinal axis of
the bar, such as on the bottom of the bar. The channel
70 can be substantially "T-shaped" with interior edges
for providing retention. As may best be seen in FIGS. 8
and 9 for example, the channel 70 being shaped in this
way can allow retention of multiple fasteners 72 by the
interior edges. The fasteners 72, in turn, can provide re-
tention to the conveyor system, e.g. using brackets se-
cured to the frame of the conveyor system.
[0047] As may best be seen in FIG. 15 for example, in
another aspect, a mounting arrangement 80 can be con-
figured on either side of the proximity bar 12 for engaging
the opposing side rails 16a, 16b of the conveyor system
10. The mounting arrangement 80 could comprise a side
mount fastener 81 securing the proximity bar 12 to a side
rail 16, with the side mount fastener 81 securely attaching
to an interior retention piece 82, arranged interior to the
side rail 16, and an exterior retention piece 84, arranged
exterior to the side rail 16. This configuration advanta-
geously allows the proximity bar 12 to be oriented in any

one of an infinite number of directions (a plurality of con-
tinuous directions) as desired by the user, which may be
outward radial directions through 360 degrees of a circle.
[0048] As may best be seen in FIGS. 16 and 17 for
example, in another aspect, a mounting arrangement 80’
can be configured on either side of the proximity bar 12
for engaging the opposing side rails 16a, 16b of the con-
veyor system 10. The mounting arrangement 80’ could
comprise a form fit connection piece 86 which could be
secured to a corresponding opening or aperture in either
side rail 16. The form fit connection piece 86 can advan-
tageously allow passage of the electrical cable 62 there-
through, either in a direction following a longitudinal axis
of the bar, as shown in FIG. 16, or in a direction normal
to the longitudinal axis of the bar, as shown in FIG. 17.
[0049] Referring now to FIGS. 22 and 23, in another
aspect, a mounting arrangement 90 comprising a support
mechanism or bracket can be connected or arranged in
the groove or channel 70 of the proximity bar 12 (see
also FIG. 3) for securing the proximity bar 12 to the con-
veyor system 10. The proximity bar 12 can slidably re-
ceive the mounting arrangement 90 at each end in the
channel 70, in the substantially "T-shaped" track, along
the longitudinal axis of the bar. The fastener 72 can pro-
vide added retention of the mounting arrangement 90 to
the proximity bar 12, preventing any slidable movement
when tightened, such as by an opposing nut 73. In addi-
tion, the mounting arrangement 90 can include a mag-
netic end piece 92 for magnetically engaging an opposing
magnetic pole configured with respect to a side rail 16 of
the conveyor system 10. Accordingly, with a mounting
arrangement 90 configured at each end of the proximity
bar 12, the proximity bar 12 can be magnetically mounted
and secured to the conveyor system 10, oriented in any
one of an infinite number of directions as desired by the
user.
[0050] As discussed above, the modules 40 can each
include, among other things, firmware providing config-
uration data for the modules in a non-volatile storage.
Such firmware can be initially programmed when the
proximity bar 12 is manufactured and re-programmed,
as desired, after the proximity bar 12 is installed in the
conveyor system 10. Re-programmability can be accom-
plished by a central network (not shown) communicating
a firmware update to the processor 22 through a "smart"
interface, via a wired or wireless connection, for updating
the firmware. The wired connection could be established,
for example, through the electrical cable 62. The wireless
connection could be established, for example, through a
Bluetooth, Infrared Data Association (IrDA) or Wi-Fi con-
nection, implemented on the module 40.
[0051] In addition, in one aspect, an LED of the indi-
cator 60 could be used for conducting diagnostics or tests
with respect to the proximity bar 12. If an error or fault
condition is detected, an alert can be sent to the user via
the indicator 60. Such alerts could include, for example:
an error detected with respect to the non-volatile storage
of a module 40; failing to detect a module 40 that is ex-
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pected to be present, failing to detect a sensor block 50
that is expected to be present; an excessive accumula-
tion of dust, dirt or debris on the lens or cover 20, as
discussed above; and the like. Also, the indicator 60 could
flash or blink in a sequence to indicate a code for corre-
spondingly informing the user as to precisely which error
or fault condition has occurred. Moreover, the code,
and/or additional report data, such as addresses, times-
tamps, and the like, could be communicated by the prox-
imity bar 12 to the central network through the aforemen-
tioned smart interface, via the wired or wireless connec-
tion.
[0052] Finally, with additional reference to FIG. 24, an
isometric view of a proximity bar 12"", with fasteners 72
in the channel 70, is provided in accordance with another
aspect of the invention. In addition, with reference to FIG.
25, a cross sectional view of the proximity bar 12"", and
fastener 72, taken along A-A, is provided. The proximity
bar 12"" could include a lens or cover 20’" arranged at
an angle, like the lens or cover 20" of FIG. 12, but with
less surface area on the top of the housing.
[0053] It should be understood that the invention is not
limited in its application to the details of construction and
arrangements of the components set forth herein. The
invention is capable of other embodiments and of being
practiced or carried out in various ways. Variations and
modifications of the foregoing are within the scope of the
present invention. It also being understood that the in-
vention disclosed and defined herein extends to all alter-
native combinations of two or more of the individual fea-
tures mentioned or evident from the text and/or drawings.
All of these different combinations constitute various al-
ternative aspects of the present invention. The embodi-
ments described herein explain the best modes known
for practicing the invention and will enable others skilled
in the art to utilize the invention.
[0054] When used in this specification and claims, the
terms "comprises" and "comprising" and variations there-
of mean that the specified features, steps or integers are
included. The terms are not to be interpreted to exclude
the presence of other features, steps or components.
[0055] The features disclosed in the foregoing descrip-
tion, or the following claims, or the accompanying draw-
ings, expressed in their specific forms or in terms of a
means for performing the disclosed function, or a method
or process for attaining the disclosed result, as appropri-
ate, may, separately, or in any combination of such fea-
tures, be utilised for realising the invention in diverse
forms thereof.
[0056] Although certain example embodiments of the
invention have been described, the scope of the append-
ed claims is not intended to be limited solely to these
embodiments. The claims are to be construed literally,
purposively, and/or to encompass equivalents.

Claims

1. A proximity bar comprising:

a circuit board having a connector configured to
connect to another circuit board, wherein the cir-
cuit board includes an electronic sensor config-
ured to detect an object; and
an enclosure configured to receive the circuit
board, the enclosure having a mounting ar-
rangement configured for mounting to a convey-
or system.

2. The proximity bar of claim 1, wherein the circuit board
is a first circuit board having a processor, and further
comprising a second circuit board having a connec-
tor and an electronic sensor, wherein the first and
second circuit boards are connected through the
connectors, and wherein the processor is configured
to communicate with the electronic sensors of the
first and second circuit boards.

3. The proximity bar of claim 2, wherein the first circuit
board is configured to receive electrical power, con-
dition the electrical power, and provide the condi-
tioned electrical power to the second circuit board
through the connectors of the circuit boards for pow-
ering the electronic sensor.

4. The proximity bar of any preceding claim, wherein
the electronic sensor comprises a non-visible light
emitter and receiver.

5. The proximity bar of any preceding claim, wherein
the mounting arrangement is configured to allow for
mounting to a conveyor system in any one of a plu-
rality of directions.

6. The proximity bar of claim 5, wherein the enclosure
comprises a channel or groove, and wherein the
mounting arrangement is configured to be slidably
held in the channel or groove.

7. The proximity bar of claim 5 or claim 6, wherein the
mounting arrangement comprises a magnet for
mounting to the conveyor system.

8. The proximity bar of any preceding claim, further
comprising a Light Emitting Diode (LED) indicator
configured to flash upon detection of an error or fault
condition.

9. The proximity bar of any preceding claim, wherein
the circuit board includes a non-volatile storage for
holding firmware and an interface for re-program-
ming the firmware.

10. A proximity bar comprising:
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a plurality of circuit boards connected to one an-
other, each circuit board having a connector
configured to connect to another circuit board,
wherein at least one circuit board of the plurality
of circuit boards has a proximity sensor config-
ured to detect an object;
an enclosure configured to receive the plurality
of circuit boards, and
a lens retained by the enclosure, the lens being
configured to cover the proximity sensor.

11. The proximity bar of claim 10, wherein the lens is
configured at angle with respect to the proximity sen-
sor.

12. The proximity bar of claim 11, wherein the angle is
at least 10°.

13. The proximity bar of any one of claims 10 to 12,
wherein at least one circuit board of the plurality of
circuit boards has a processor, wherein the proces-
sor is configured to compare a detection of light
through the lens at a first time with a detection of
light through the lens at a second time and send an
alert if a difference from the comparison is greater
than a threshold.

14. The proximity bar of any one of claims 10 to 13,
wherein a first circuit board of the plurality of circuit
boards is configured to receive electrical power, con-
dition the electrical power, and provide the condi-
tioned electrical power to a second circuit board of
the plurality of circuit boards through the connectors
of the circuit boards for powering the proximity sen-
sor.

15. The proximity bar of any one of claims 10 to 14,
wherein the proximity sensor comprises a non-visi-
ble light emitter and receiver.

16. The proximity bar of any one of claims 10 to 15,
wherein the mounting arrangement is configured to
allow for mounting to a conveyor system in any one
of a plurality of directions.

17. A proximity bar comprising:

a circuit board having a processor and a sensor
configured to detect an object; and
an enclosure configured to receive the circuit
board, the enclosure having a lens and a mount-
ing arrangement configured for mounting to a
conveyor system,
wherein the processor is configured to compare
a detection of light through the lens at a first time
with a detection of light through the lens at a
second time and send an alert if a difference
from the comparison is greater than a threshold.

18. The proximity bar of claim 17, wherein the circuit
board is a first circuit board having a processor, and
further comprising providing a second circuit board
having a connector and an electronic sensor, where-
in the first and second circuit boards are connected
through the connectors, and wherein the processor
is configured to communicate with the electronic sen-
sors of the first and second circuit boards.

19. The proximity bar of claim 17 or claim 18, further
comprising the first circuit board receiving electrical
power, conditioning the electrical power, and provid-
ing the conditioned electrical power to the second
circuit board through the connectors of the circuit
boards for powering the electronic sensor.

20. The proximity bar of claim 17, 18 or 19, wherein the
electronic sensor comprises a non-visible light emit-
ter and receiver.
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