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Electrically Driven Shelving System with a Scanning Arrangement
FIELD OF THE INVENTION

[0001]  The present invention relates to mobile shelving systems, in particular to an

electrically driven shelving system with an electromagnetic curtain detector.
BACKGROUND TO THE INVENTION

[0002]  Mobile shelving systems are popular means for reducing the floor area needed for
storage. Typically a series of rows of shelving bays are mounted abutting each other thus
eliminating the space needed for aisle ways between the shelving bays. The shelving bays are
mounted on tracks so that when access is required to a particular shelving bay the shelving bays

can be moved along the track to open up an aisle way.

[0003] The shelving bays can be moved by hand or driven by electric motors, with electric
operation being preferred, especially for large systems which may be too heavy to move manually.
Conventional electric systems provide an electric motor for each row of shelving bays and
consequently require a significant amount of power to be routed to each row. As each row can
move along the tracks providing power is cumbersome, typically done with the aid of overhead
pantographs. Such systems are complicated and expensive due to the need for multiple motors

and associated drive components as well as the pantograph to route power and control signals.

[0004] The Applicant has developed an improved mobile shelving system including releasably
coupleable rows to overcome this problem. This shelving system allows a selectable number of
the shelving bays to be coupled in series with the driven shelving bay and driven in unison along
the track to open up an aisle for access to a desired shelving bay, or to close an aisle. This avoids
the need to have a drive motor on each row as well as the associated power distribution

infrastructure, which saves time and effort by the user.

[0005] However with electrically driven shelving systems there is the danger of the aisles
being blocked by either an object or person within a system. For example, if a user is in an open
aisle a second user may wish to access a location in a different aisle and accordingly instruct the
system to move the bays to allow access to the location. Because the system is electronic, the
second user may not be aware that the first user is within the system, and there is the risk of injury

to the first user when the bays move.

[0006]  Alternatively there may be an object which has fallen from the shelves of a bay into
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the open aisle unbeknownst to the user. Therefore, when the user instructs the system to move
the bays, this object may be crushed between the moving bays causing damage to the object and

potentially the system.

[0007] Therefore, it is the responsibility of a user to first check the open aisle to make sure
there are no obstructions; however this is vulnerable to human error and carelessness. In the case
of a large shelving system, this can be time consuming. The use of kick plates and pressure
sensitive matting to eliminate this problem are known, however these methods can be expensive
and unreliable. Light beam technologies have been used in other applications for object detection
but to date have not been successfully adapted to mobile shelving applications due to the inherent

problem of the system itself moving.

[0008] The object of the invention is to provide a mobile shelving system with a light curtain
detector used to detect the presence of objects within the system, or at least provide the public

with a useful alternative.
SUMMARY OF THE INVENTION

[0009] In a first aspect the invention comprises a scanning arrangement for a mobile shelving
system comprising a plurality of emitters and a plurality of opposing detectors wherein
electromagnetic signals are emitted from the emitters and received by the detectors and an

obstruction can be determined through the interruption of said electromagnetic signals.

[0010] Preferably the emitters are grouped together in emitter modules and detectors are
grouped together in opposing detector modules and wherein every emitter in an emitter module
module sends a signal to every detector in an opposing detector module thus forming a detection
curtain. Multiple emitter modules and multiple detector modules may be chained together to form

an extended detection curtain.

[0011] In preference each emitter in an emitter module is operated in sequence, each detector
in an opposing detector module is monitored for the reception of a signal, and wherein a break in
the detection curtain is determined if any one of the detectors in the opposing detector module

does not receive a signal from each of the emitters in the emitter module.

[0012] The emitters and detectors are preferably arranged orthogonally to the shelves of the
mobile shelving system and the mobile shelving system is elevated off of the ground and the
electromagnetic signals pass underneath the mobile shelving system. The electromagnetic signals

maybe are infrared signals or visible light signals and may be modulated to allow the signals to be
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distinguished from ambient signals.

[0013] Ina second aspect the invention comprises a mobile shelving system including any of
the features described above wherein if an obstruction is detected movement of the system is

halted until the obstruction is removed.

[0014] It should be noted that any one of the aspects mentioned above may include any of the
features of any of the other aspects mentioned above and may include any of the features of any

of the embodiments described below as appropriate.
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Preferred features, embodiments and variations of the invention may be discerned
from the following Detailed Description which provides sufficient information for those skilled in
the art to perform the invention. The Detailed Description is not to be regarded as limiting the
scope of the preceding Summary of the Invention in any way. The Detailed Description will make

reference to a number of drawings as follows.

[0016]  Figure 1 shows a perspective view of a mobile shelving system according to the

present invention with a first open aisle.

[0017]  Figure 2 shows the mobile shelving system of Figure 1 in a resting state with no open

aisles.
[0018]  Figure 3 shows the mobile shelving system of Figure 1 with a second open aisle.

[0019]  Figure 4A shows a top plan view of the mobile shelving system of Figure 1 with a

floor scanning system including light emitters towards the detectors.

[0020]  Figure 4B shows a top plan view of the mobile shelving system of Figure 1 with a

pulse train emanating from the emitters and an obstruction.

[0021]  Figure 5A shows a top plan view of the mobile shelving system of Figure 1 with an

unobstructed signal from all emitters to all detectors.

[0022]  Figure 5B shows a top plan view of the mobile shelving system of Figure 1 with an

obstruction and a signal which has been prevented from travelling from an emitter to a detector.

[0023]  Figure 6 shows a top plan view of the mobile shelving system of Figure 1 with a floor
scanning system incorporating multiple emitter blocks and detector blocks.
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[0024] Figure 7A shows a schematic of a detector block.
[0025] Figure 7B shows a schematic of an emitter block.
COMPONENT LISTING

[0026] The drawings include the following integers:
10 Mobile shelving bay system
20 Fixed shelving row

21,22 Shelving bays

25 Control panel

30 First movable shelving row
31-34 Shelving bays

35 Access button

37 Aisle

40 Second movable shelving row
41 - 44 Shelving bays

45 Access button

47 Aisle

50 Driving shelving row

53,54 Shelving bays

55 Access button

60 Drive module

61 Floor scanning system

62 Emitters

64 Detectors

66 Pulse train

68 Obstruction

70 Light pulses

72 Emitter block

74 Detector block

75 Microprocessor

80 Left hand latch module

90 Right hand latch module

101, 102 Tracks
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DETAILED DESCRIPTION OF THE INVENTION

[0027] The following detailed description of the invention refers to the accompanying
drawings. Wherever possible, the same reference numbers will be used throughout the drawings
and the following description to refer to the same and like parts. Dimensions of certain parts
shown in the drawings may have been modified and/or exaggerated for the purposes of clarity or

Hlustration.

[0028] The invention provides a floor scanning system for a mobile shelving system
comprising a plurality of shelving bay rows including at least one driven shelving bay mounted on
a track. Adjacent shelving bays are releasably coupleable to each other thereby allowing a
selectable number of the shelving bays to be coupled in series with the driven shelving bay and
driven in unison along the track to open up an aisle for access to a desired shelving bay, or to
close an aisle. This avoids the need to have a drive motor on each row as well as the associated
power distribution infrastructure. The floor scanning system detects people or items that may be

present in an aisle way and if detected will prevent operation of the system to ensure safety.

[0029] A perspective view of a mobile shelving bay system incorporating the invention is
shown in Figure 1. The system comprises a series of shelving bays that span between tracks, such
as bay 31 between tracks 101 and 102. Adjacent bays, both side to side and back to back, are
joined to form rows. The system shown has a first fixed (i.e. non-moving) row 20 comprising
bays 21 and 22, a first movable row 30 comprising bays 31, 32, 33 and 34, a second moving row
40 comprising bays 41, 42, 43 and 44 and a driving row 50 comprising bays 53 and 54. This
arrangement is demonstrative, other arrangements comprising more or less rows and more or less
adjacent bays are also encompassed by the invention. The floor scanning system is not visible in

this figure but resides under the outer rows, i.e. bays 21, 22 and 53, 54.

[0030] To access the contents of a particular shelving bay, adjacent rows must be separated
to form an aisle. In Figure 1 rows 30 and 40 are separated to form an aisle 37 to provide access
to any of bays 31, 32, 43 or 44. Similarly aisles may be formed between rows 20 and 30, and
rows 40 and 50.

[0031] To allow and control propulsion of the various rows the system includes a control
panel 25 fitted to fixed row 20; a drive module 60 fitted to the driven row 50; a series of access
buttons 35, 45 and 55 fitted to the rows adjacent to where an aisle may be desired; and also left
and right hand latch modules to allow adjacent rows to be releasably coupled to each other. The
latch modules can only be seen on the rows adjacent the aisle, which in Figure 1 is left hand latch
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module 80 on row 30 and right hand latch module 90 on row 40. The control panel may be fitted

to any desired row.

[0032] The control module 25 provides a keypad, display and speaker to interact with a
system administrator, displaying status messages and allowing for system resets etcetera. The
control module also interfaces with access buttons, drive motor and the floor scanning system,
controlling operation of the system. In particular operation of the system is halted if the floor

scanning system detects the presence of an obstruction.

[0033] The latch modules 80 and 90 provide an electro-mechanical means to both releasably
couple adjacent rows to each other so that they may be driven in unison or not, and electrical

contacts to provide a low voltage signal and power bus between the various system elements.

[0034] The drive module 60 provides motive force to row 50 and any other rows that are
coupled to it. The drive module can take many forms, with a preferred embodiment comprising a
geared electric motor driving a sprocket which in turn engages a chain within the track 101. The
motor is typically fitted with a current monitor and rotary encoder to facilitate a control system
that can adapt the motion profile to optimise traversal times of the system independent of the load
whilst maintaining safe operation as well as allowing the position of the driven row 50 to be

determined.

[0035] Access buttons 35, 45 and 55 provide a simple interface for users who press a button
to initiate the opening of the adjacent aisle. The buttons comprise a small circuit board to
transmit switch closure signals to the control module 25 and to illuminate a lamp in the button
under command from the control module. In standby the buttons illuminate a steady green.
Whilst the system is in transit the buttons turn red and act as an emergency stop button. In the
case of an emergency stop, initiated by a user or the control panel, the buttons will flash red until
the system is reset. The buttons may also flash orange to indicate that an obstruction has been

detected.

[0036] The system is shown in a typical default resting state in Figure 2 in which all rows are
pushed together thus eliminating all aisles. The default resting state is chosen to minimise access
times to any particular shelving bay as the system has to only open a desired aisle, instead of
having to first close an undesired aisle and then open a desired aisle. Alternatively, a particular
aisle can instead be chosen to be open in the resting state. Such an aisle would be chosen based
on relative access frequency and can be set via the control panel. In a further embodiment the
system monitors access to each aisle and sets the default open aisle to the most frequently
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accessed aisle.

[0037] Figure 3 shows the system with a second aisle 47 open to provide access to any one

of shelving bays 41, 42, 53 or 54.

[0038] An optical curtain detector is used to detect the presence of objects within the aisles
37, 47 that may interfere with movements of the shelving bays 21, 22. Typically visible light is
used; infra-red or other parts of the electromagnetic spectrum may also be used, each having their
own advantages. If dealing in the infra-red, the system may also assist in the detection of heat
that may be the result of a fire. However for the purposes of brevity the following discussion will
be limited to LEDs emitting in the visible spectrum. Detection is achieved through a floor
scanning system 61 with LED light emitters 62 and photo detectors 64, located at opposing ends
of the system as illustrated in Figure 4A. The emitters and detectors are arranged orthogonally to
the shelves. For convenience multiple emitters 62 and support circuitry are packaged together into
emitter modules 72. Emitter modules may be daisy chained together to form a system of any
desired length. Similarly multiple detectors 64 are packaged together with support circuitry into

detector modules 74.

[0039] To provide clearance for the light curtain the shelving bays are elevated off of the
floor. This also allows the system to be concealed under the bays. Advantageously the system
operates orthogonally to the shelving bays, thus allowing a single system to scan beneath multiple
shelving bays. The emitters 62 and the detectors 64 are located along the base of the outer
shelving rows 20 and 50 at a separation of anywhere between a few and ten centimetres and
directed inwardly towards each other. The location on the base of the outer rows and between
the tracks 101 and 102 ensures that there are no existing obstructions between the emitters and
detectors. Each emitter is activated in sequence and sends a coded pulse train 66 towards the
opposite end of the system 10 to be received by all the corresponding detectors 64. The pulse
train 66 enables discrimination between the emitter light and other ambient and/or transient light

variations.

[0040]  Ifthere is an obstruction 68 within the system it prevents the pulse train from reaching
at least one of the detectors as illustrated in Figure 4B. Through the separate activation of each
emitter and separate monitoring of each detector a number of detection paths are created thus
producing a light curtain that covers a large area whilst allowing a small break in the curtain to be
detected. Each detector 64 in a detector module 74 must receive pulses from each emitter 62 in

the opposing emitter module 72 for the light curtain to be considered intact.
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[0041] All the light paths 70 formed between a pair of opposing emitter 72 and detector 74

modules are illustrated in Figure SA. As can be seen in this Figure, each emitter 62 in the emitter
module 72 sends a light pulse 70 to each and every detector 64 in the detector module 61, the
criss-crossing of these pulses 70 forms a comprehensive light curtain covering all space
therebetween. In this example there are 5 emitters per emitter module and 5 detectors in the
detector module. In practise 8 emitters/detectors per module are preferred to maximise efficiency

of the component electronics.

[0042]  As in the example of Figure 5B, when an obstruction 68 is within that the light curtain

it prevents several of the beams 70 from reaching the corresponding detector 64.

[0043] An extended light curtain can be composed by the connection of a plurality of emitter
modules 72 and a plurality of detector modules 74, each containing an equal number of emitters
62 and detectors 64 as illustrated in Figure 6. This allows for varying curtain widths according to
the row width by connection of the modules. Connectors at the end of the modules provide
power and control signals required for operation. A common microprocessor unit 75 controls the
detection process. For extended light curtains only the light paths between opposing emitter and

detector modules are monitored.

[0044] The components of an emitter module 72 preferably include a power regulation block,
8-bit shift register, AND gates and an LED buffer/driver for the LED emitter 62. At the start of
the scan, the Reset signal is asserted and the Pulse signal is set ‘low’ to prevent any signal being
output on the LEDs. A ‘high’ level is clocked into the shift register causing the output to be
enabled. The Pulse signal is then modulated with the signature waveform and, due to the AND
gate, is output only on the enabled LED. While the pulse waveform is being generated, the
detector module 74 is checked for the received signature waveform to determine which detectors

64 are receiving the pulses 70.

[0045] Once the waveform is finished, a ‘low’ level is clocked into the shift register, causing
output 1 to be disabled and output 2 to be enabled. The pulse waveform is generated again for
output 2 and the detectors are checked again. Similarly, a ‘low” level is closed in for the

remaining 6 outputs, and the pulse and detection processes are repeated for outputs 3 to 8.

[0046] Once the block has completed scanning, if there are more modules to process the
Data Out signal will propagate the ‘high’ level to the next module and the process continues again
for another 8 outputs after the first output is enabled. A ‘low’ level is always clocked into the
first shift register to ensure that only one ‘high’ level propagates through all modules. Only one
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LED is thus operating at any time thus avoiding any issues of cross talk.

[0047] The components of a detector module 74 preferably include a power regulation block,
8-bit shift register, phototransistor as a detector 64 and signal conditioning filters. The
phototransistor receives the incident light from both the LED and other ambient light sources. In
order to extract the pulse signal, the phototransistor output must be filtered and processed. This
consists of an initial low-pass filter to remove ambient light levels and 50 to 120 Hz flicker (from
50 Hz and 60 Hz lighting). The result is amplified and a narrow band filter allows only those
frequencies near the pulse frequency to pass. The filtered signal is multiplied with the original

pulse and integrated to discriminate against non-pulse signals.

[0048] The final output is passed through a threshold detector to recover the pulse. At the
start of each emitter scan the shift register is reset. At the end of the pulse train duration the Load
signal is asserted to latch the inputs to the shift register. The latched data is then shifted out of
the register and back to the processor 75 to determine which detectors 64 received the pulses.

This is repeated for each emitter 62 in the opposing emitter block 72 to build up the scan pattern.

[0049] Once a full scan of all blocks 72, 74 has been completed, the processor 75 will have
detector input results for each emitter 62, allowing the presence of an obstruction to be

determined.

[0050] Therefore, a typical operating scenario for the system 10 would be that the system
starts in a resting position as shown in Figure 2. A person wanting to access shelving bay 32
approaches the system and presses button 45 to initiate access. The control module 25 receives
the button press and in response signals to latch module 90 to disengage from latch module 80; all

other latch modules stay engaged.

[0051] The emitters 62 are then activated, sending a pulse train 66 towards the detectors 64.
If there are no obstructions and all of the detectors 64 receive the pulse train 66, the drive
module 60 is signalled to move to the right and in doing so moves row 50 and coupled row 40.
When the drive module senses it has moved sufficiently it stops, at which stage aisle 37 has
opened up and the user may access shelving bay 32. The floor scanning system is monitored and
once it indicates that the aisle has been vacant for more than two minutes the drive module is
signalled to move to the left to close the aisle. However, it is possible to disable this feature

through the main control panel 25 if desired by the user.

[0052] In preference if there is no obstruction the system 10 will enter ‘transit’ mode, and the
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control panel 25 will emit a low ‘transit’ chime while the scanning systems 61 will continue to
monitor the floor and trigger if an obstruction is detected. All buttons will turn red and act as
emergency stop buttons if required. If any button is pressed the system will enter ‘stop’ mode
and all buttons will flash red and an error message displayed. The user must then reset the system

through the master control panel 25.

[0053]  When the target aisle is fully open the control panel 25 will emit a ‘ready’ chime and

all buttons will turn green indicating that the system is safe to enter.

[0054] If there is an obstruction and at least one of the detectors 64 fail to receive the pulse
train 66, the user is alerted so that they can remove the obstruction before continuing with the

sequence.

[0055] In preference once an obstruction is detected the system 10 will initiate ‘obstruction
mode,” when an error chime will sound, the buttons will flash and an error message will be
displayed. The user would still be able to operate the system 10 at low speed by pressing and
holding the relevant access button to open or close any aisle. Motor current monitoring would

still prevent serious crushing or overloading when operating in obstruction mode.

[0056] The emitters 62 are in preference standard high brightness LEDs which do not require
collimating, unlike laser diodes often used in light curtains. This results in light sources which are
inexpensive to produce, simple to operate and have a long and reliable lifespan. The advantages
of this system are that there are no moving parts to the scanning system 61 (such as scanning
mirrors), nor is there the need for optical lenses which improve reliability and reduce complexity.
There is not special alignment required and therefore installation is a straightforward and cost

effective process.

[0057] The present invention complies with Storage Equipment Manufacturers’ Association
(SEMA) and Federation Europeenne De La Manutention (FEM) requirements for office
furniture. All electronics comply with Consumer Electronics (CE) requirements and all relevant

Australian Electromagnetic Compatibility (EMC) design and safety standards.

[0058] The reader will now appreciate the present invention which provides an electrically

driven shelving system with a scanning arrangement to determine obstructions within the system.

[0059]  Further advantages and improvements may very well be made to the present invention
without deviating from its scope. Although the invention has been shown and described in what is

conceived to be the most practical and preferred embodiment, it is recognized that departures may
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be made therefrom within the scope and spirit of the invention, which is not to be limited to the

details disclosed herein but is to be accorded the full scope of the claims so as to embrace any and
all equivalent devices and apparatus. Any discussion of the prior art throughout the specification
should in no way be considered as an admission that such prior art is widely known or forms part

of the common general knowledge in this field.

[0060] In the present specification and claims (if any), the word "comprising" and its
derivatives including "comprises" and "comprise" include each of the stated integers but does not

exclude the inclusion of one or more further integers.
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CLAIMS

1.

=

A scanning arrangement for a mobile shelving system comprising a plurality of emitters
and a plurality of opposing detectors wherein electromagnetic signals are emitted from the
emitters and received by the detectors and an obstruction can be determined through the
interruption of said electromagnetic signals;

wherein the mobile shelving system is elevated off of the ground and the electromagnetic
signals pass underneath the mobile shelving system; and

wherein emitters are grouped together in emitter modules and detectors are grouped
together in opposing detector modules and wherein every emitter in an emitter module
module sends a signal to every detector in an opposing detector module thus forming a

detection curtain.

A scanning arrangement as in claim | wherein multiple emitter modules and multiple

detector modules are chained together to form an extended detection curtain.
A scanning arrangement as in claim 2 wherein each emitter is operated in sequence.

A scanning arrangement as in claim 3, wherein as each emitter in an emitter module is
operated, each detector in an opposing detector module is monitored for the reception of a
signal, and wherein a break in the detection curtain is determined if any one of the
detectors in the opposing detector module does not receive a signal from each of the

emitters in the emitter module.

A scanning arrangement as in any one of the preceding claims wherein the emitters and

detectors are arranged otthogonally to the shelves of the mobile shelving system.

A scanning arrangement as in any one of the preceding claims wherein the electromagnetic

signals are infrared signals.

A scanning arrangement as in any one of the preceding claims wherein the ¢lectromagnetic

signals are visible light signals.

A scanning arrangement as in any one of the preceding claims wherein the electromagnetic

signals are modulated to allow the signals to be distinguished from ambient sighals.

A mobile shelving system including a scanning arrangement as in any one of the preceding
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claims.

10. A mobile shelving system as in claim 9 wherein if an obstruction is detected movement of

the system is halted until the obstruction is removed.
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