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Description
TECHNICAL FIELD

[0001] The present disclosure relates generally to an
accurate weighing system and method operable with a
movable device, and more specifically, to correcting a
weight measurement of merchandise placed in a mova-
ble shopping cart or basketbased on, e.g. , circumstanc-
es associated with the movable shopping cart or basket.

BACKGROUND

[0002] Customers typically use a shopping cart or a
shopping basket during their store visits at convenience
stores, grocery markets and retail outlets. There is aneed
to accurately determine a weight of merchandise placed
into a movable shopping cart/basket based on, e.g. cir-
cumstances associated with the movable shopping
cart/basket.

[0003] US4,071,740is directed to an automated shop-
ping system means for the purchasing of line-encoded
identified products and articles utilized in stores of the
type having shopping carts having associated therewith
apparatuses providing product code indicia scanning
means and weight sensing means utilized in conjunction
and communication with a governing central computer,
having stored product information related to said line-
encoded indicia, by means of radio transmitting and re-
ceiving units. The improvement in the latter patent com-
prises: a control panel and associated visual display unit
affixed to said shopping cart for operation of a cart of said
shopping system and for indication by display of said line-
encoded product representative indicia; a first line-en-
coded indicia scanner releasably mounted upon and con-
nected with said control panel to read said line-encoded
indicia upon said products having means responsive to
said first scanner to decode and to display upon said
visual display said product information derived by said
first scanner from said products by means of transmis-
sion and reception of said product information with said
central computer; a second line-encoded scanner
mounted within said control panel having means to de-
code and to cause display upon said visual display of
said product line-encoded information derived from said
products by means of transmission and reception of said
information with said central computer; a plurality of pho-
tocell sensing units positioned about the perimeter of the
opening of said shopping cart to direct a plane of light
across said cart opening to sense certain entries into said
cart, said sensing units being responsive to said second
scanner and decoding means such that said photocell
sensing units deactivate for a predetermined period of
time after said second scanner reads and decodes said
line-encoded information to allow the insertion of a prod-
uct or article in said cart and after said time period reac-
tivates to provide a warning if an article is attempted to
be inserted within said cart without first being scanned
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by said second scanner; and said weight-sensing means
being within the bottom of said cart and having an asso-
ciated comparator circuit in said control panel in commu-
nication with said central computer to provide a means
of comparison of actual and computer stored product
weights and to provide a warning if said weights do not
correspond.

BRIEF SUMMARY OF THE INVENTION

[0004] Accordingtoafirstaspectoftheinvention, there
is provided a weighing system, as hereinafter set forth in
Claim 1 of the appended claims.

[0005] In some embodiments, the information of the
item obtained from the computing device comprises at
least one of a net weight of the item, a mean weight of
the item, and a weight standard deviation of the item.
[0006] The computing device may comprise at least
one of a remote computing device and a local computing
device.

[0007] According to a second aspect of the invention,
there is provided a method as hereinafter set forth in
Claim 5 of the appended claims.

BRIEF DESCRIPTION OF THE FIGURES

[0008] For a more complete understanding of the ex-
ample aspects, references are made to the following de-
scriptions taken in connection with the accompanying
drawings in which:

e FIG. 1 illustrates a weighing system operable with a
movable shopping cart or basket, in accordance with
aspects of the present disclosure; and

* FIG.2isaflowchartillustrating a method implement-
ed by the weighing system of FIG. 1, in accordance
with aspects of the present disclosure.

[0009] The drawings referred to in this description are
not to be understood as being drawn to scale except if
specifically noted, and such drawings are only exemplary
in nature.

DETAILED DESCRIPTION

[0010] Among other features, disclosed herein is an
accurate weighing system and method operable with a
moving device such as a shopping cart/basket used in a
retail environment. Various aspects of the present dis-
closure will be described with reference to the drawings,
wherein like reference numerals are used to refer to like
elements throughout. In the following description, for pur-
poses of explanation, numerous specific details are set
forth in order to promote a thorough understanding of
one or more aspects of the disclosure. It may be evident
in some or all instances, however, that any aspects de-
scribed below can be practiced without adopting the spe-
cific design details described below.
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[0011] FIG. 1 shows a weighing system 100 operable
with a movable device, in accordance with aspects of the
presentdisclosure. Movable device may be a self-check-
out vehicle 102 used by a customer in a retail environ-
ment (e.g., a department store or a grocery store) for
storing and transporting selected merchandise. The term
"movable device" may refer to any portable and/or mov-
able physical structure supplied by a retailer to its cus-
tomers for use inside a retail environment, such as a
wheeled shopping cart in various shapes and dimen-
sions, or a shopping basket/bag/container in various
shapes and sizes, a wheelchair or motorized vehicle in-
tegrated with a shopping receptacle for use by handi-
capped or disabled shoppers, or any physical structure
that may follow or be carried by a customer in a retail
environment. Weighing system 100 may be configured
to accurately determine the weight of one or more items
placed into and carried by self-checkout vehicle 102. In
one aspect, weighing system 100 may obtain weight in-
formation of each item as it is added into vehicle 102, as
well as keep track of a cumulative weight of all items in
the vehicle 102.

[0012] Although the present disclosure will be de-
scribed herein with respect to a retail environment, it
should be understood that aspects of the present disclo-
sure may be implemented in a facility to control, e.g.,
inventory and theft, or in other appropriate settings where
cumulative weight of all objects in a transportation and
storage structure needs to be accurately and contempo-
raneously measured.

[0013] Each of the weighing system 100 and self-
checkout vehicle 102 may communicate with each other
and with one or more local and/or remote computing de-
vices 106 via a communication network 108. For exam-
ple, one or more computing devices 106 may be config-
ured to exchange various signals and data with a plurality
of sensors and components of the weighing system 100
and/or the self-checkout vehicle 102 via the communica-
tion network 108 using suitable network connections and
protocols 110a, 110b, and 110c.

[0014] Computing devices 106 of the present disclo-
sure may comprise at least one processor, microproces-
sor or multi-core processor configured to handle data
processing and calculation. Computing devices 106 may
include atleast one of personal computers, servers, serv-
er farms, laptops, tablets, mobile devices, smart phones,
smart watches, fitness tracker devices, cellular devices,
gaming devices, media players, network enabled print-
ers, routers, wireless access points, network appliances,
storage systems, gateway devices, smart home devices,
virtual or augmented reality devices, or any other suitable
devices that are deployed in the same or different com-
munication network of the weighing system 100 and self-
checkout vehicle 102. In one aspect, computing devices
106 may be configured to provide functionalities for any
connected devices such as sharing data or provisioning
resources among multiple client devices, or performing
computations for each connected client device.
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[0015] Here, a communication network (e.g., commu-
nication network 108) may refer to a geographically dis-
tributed collection of computing devices or data points
interconnected by communication links and segments for
transporting signals and data therebetween. A protocol
(e.g., protocols 1 10a, 110b, and 1 10c) may refer to a
set of rules defining how computing devices and net-
works may interact with each other, such as frame relay,
internet protocol (IP), transmission control protocol
(TCP), user datagram protocol (UDP), hypertext transfer
protocol (HTTP). Many types of communication networks
are available, ranging from local area networks (LANs),
wide area networks (WANSs), cellular networks, to overlay
networks and software-defined networks (SDNs), a
packetdata network (e.g., the Internet), mobile telephone
networks (e.g., cellular networks, such as 4G or 5G),
Plain Old Telephone (POTS) networks, and wireless data
networks (e.g., Institute of Electrical and Electronics En-
gineers (IEEE) 802.11 family of standards known as Wi-
Fi®, WiGig®, IEEE 802.16 family of standards known as
WiMax®), IEEE 802.15.4 family of standards, a Long
Term Evolution (LTE) family of standards, a Universal
Mobile Telecommunications System (UMTS) family of
standards, peer-to-peer (P2P) networks, virtual private
networks (VPN), Bluetooth, Near Field Communication
(NFC), or any other suitable network.

[0016] In another aspect, the communication network
108 may be Cloud-based and may provide computing
services using shared resources. Cloud computing may
generally include Internet-based computing in which
computing resources are dynamically provisioned and
allocated to each connected computing device or other
devices on-demand, from a collection of resources avail-
able via the network or the Cloud. Cloud computing re-
sources may include any type of resource, such as com-
puting, storage, and networking. Forinstance, resources
may include service devices (firewalls, deep packet in-
spectors, traffic monitors, load balancers, etc.), com-
pute/processing devices (servers, CPUs, GPUs, random
access memory, caches, etc.), and storage devices (e.g.,
network attached storages, storage area network devic-
es, hard disk drives, solid-state devices, etc.). In addition,
such resources may be used to support virtual networks,
virtual machines, databases, applications, etc.

[0017] Itisto be appreciated that weighing system 100
and self-checkout vehicle 102 may include any suitable
and/or necessary interface components (not shown),
which provide various adapters, connectors, channels,
communication paths, to facilitate exchanging signals
and data between various hardware and software com-
ponents of the weighing system 100 and self-checkout
vehicle 102, the computing devices 106, and any appli-
cations, peer devices, remote or local server sys-
tems/service providers, additional database system(s),
and/or with one another that are available on or connect-
ed via the underlying network 108 and associated com-
munication channels and protocols 110a, 110b,and 110c
(e.g., Internet, wireless, LAN, cellular, Wi-Fi, WAN).
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[0018] According to aspects of the present disclosure,
weighing system 100 may comprise at least one load
receiving element 112 coupled to the self-checkout ve-
hicle 102 in any suitable ways to ensure proper weighing
of the merchandise placed into and carried by the vehicle
102. The main body of the load receiving element 112 is
preferably a weather-resistant, low-profile enclosure
structure configured to contain and protect various sen-
sors, modules, components and electrical circuitry of the
weighing system 100. Vehicle 102 may comprise at least
one storage space defined by a generally horizontal base
and upright side surfaces. In one embodiment, the load
receiving element 112 may be positioned and secured
underneath a central area of the base of vehicle 102 in
order to achieve a more centered introduction of weight
force on force sensing modules of weighing system 100.
The top surface of load receiving element 112 may be a
planar surface, parallel to the horizontal base of vehicle
102.

[0019] Various sensors, modules, components and
electrical circuitry of the weighing system 100 may be
configured by or may operate in connection with a proc-
essor 114 to detect and adjust a number of parameters
relating to a weighing operation of the merchandise in
the vehicle 102.

[0020] Forexample, weighing system 100 may include
at least one force sensor 116 configured to measure
shear forces applied to the top surface of load receiving
element 112, thereby measuring the mass of the mer-
chandise in the vehicle 102. In one embodiment, a de-
formable member may be disposed within the housing
of load receiving element 112 and may deform or deflect
in response to a force applied along a selected force vec-
tor, which in this case is a vertically oriented force due
to gravity. Deformable member may be manufactured to
minimize or eliminate at least some of the forces applied
on other force vectors, thereby substantially isolating the
desired forces to be sensed. Force sensor 116 in one
embodimentmay include four force transducers T1 , T2,
C1, C2, preferably strain gauges that are oriented on
the deformable member and electrically connected to
form a Wheatstone bridge configuration. Strain gauges
T1, T2 may be placed in tension by an applied force,
and the remaining gauges C1, C2 are placed in com-
pression. The output of the Wheatstone bridge circuit is
primarily responsive to force along a desired force vector
(e.g., the direction of gravity), with other forces being sig-
nificantly minimized or eliminated from the output.
[0021] It should be appreciated that additional sensors
and circuitry may be used to detect different effects along
different force vectors, including horizontal forces, bend-
ing moment, lateral forces, etc. In addition, other types
of force sensors may be used as alternatives to strain
gauges, including suitable capacitive transducers, resis-
tive transducers, resonating transducers (e.g. , vibrating
strings, piezoelectric crystals), optical sensors, solid
state strain sensors, etc. For example, a resistive or ca-
pacitive sensor may be used to detect forces applied to
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the top surface of load receiving element 112. Such a
sensor may include first and second electrodes that are
disposed inside the housing of load receiving element
112 and spaced apart a predetermined distance from
each other in an initial position. A measurable capaci-
tance exists between the first and second electrodes.
When a force applied to the load receiving element 112
causing a change in the distance between the first and
second electrodes, a change in the capacitance between
the electrodes may be measured to determine informa-
tion related to the applied force.

[0022] In one aspect, weighing system 100 may in-
clude a driver circuitry 118 to provide various control sig-
nals to the at least one force sensor 116 and receive and
transmit output signals of the at least one force sensor
116 to other modules or components of weighing system
100. For example, driver circuitry 118, controlled by proc-
essor 114, may generate a driving signal to the at least
one force sensor 116 in order to initiate a weighing op-
eration. When multiple force sensors 116 are used and
disposed under the top surface of the load receiving el-
ement 112, a potentiometer (variable resistor) and ap-
propriate circuitry may be used to apportion the current
from the driving signal to scale the relative magnitudes
of the driving voltages supplied to each force sensor 116.
[0023] Force sensor output signal, which is indicative
of the pressure or force it detects continuously in real-
time, may be transmitted to an amplifier and an analog-
to-digital (A/D) converter for generating digital signals.
The processor 114 of weighing system 100 may be con-
figured to receive the digital signals for further processing
and routing.

[0024] Moreover, weighing system 100 may include at
least one angle/orientation sensor 120 configured to
measure a relative angle between a force-sensing axis
of the load receiving element 112 and a direction of grav-
ity. In one aspect, the angle/orientation sensor 120 may
be installed within the enclosure of the load receiving
element 112 and measure parameters in one, two, or
three dimensions (i.e. , at least one or more of the coor-
dinate axes: X, Y, and Z). Device alignment of the an-
gle/orientation sensor is shown in FIG. 1 for a three-di-
mensional (3D) Cartesian coordinate system. In partic-
ular, for the device position shown in FIG. 1, the X-axis
is horizontal (left to right) and has no gravity component,
the Y-axis is horizontal (back to front) and has no gravity
component, and the Z-axis is vertical (bottom to top) and
has the entire gravity component. The angle/orientation
sensor 120 may include a force-sensing axis, such that
itgenerates an outputindicating a force of 1G (9.81m/s2 )
when this sensing axis is perpendicular to the force of
gravity. When the sensing axis is tilted, the force of gravity
acts at an angle to the axis. In response to tilting the
sensing axis, the output signal of angle/orientation sen-
sor 120 may decrease, indicating a lower sensed level
of acceleration. This decrease may continue until the
sensing axis is positioned parallel to the force of gravity,
at which point the signal may reach an output level indic-
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ative of a force of 0G. Accordingly, the relationship be-
tween the direction of gravity and the forcing sensing axis
of angle/orientation sensor 120 may be used to deter-
mine a tilt angle of the angle/orientation sensor 120 and
the load receiving element 112 with respect to the local
gravitational field. Alternatively, the angle/orientation
sensor 120 may have three orthogonal sensing axes,
and configured to monitor the tilt angle for each of the
three sensing axes relative to the local gravitational field.
[0025] When the tilt angle is detected to be within a
correctable range, calculation of the force applied on the
top surface of load receivingelement 112 (i.e. , the weight
of merchandise placed into the self-checkout vehicle
102) may be compensated as a function of this tilt angle.
Thatis, the measurement of this tilt angle by the angle/ori-
entation sensor 120 may be used to correct for the dif-
ference between the force as measured by the load re-
ceiving element 112 and the actual weight of the mer-
chandise to be weighed, thereby allowing for the weigh-
ing system 100 to be accurate across a wide range of
angles. In one embodiment, machine learning may be
used to at least train weighing system 100 to determine
the correctable range for the tilt angle.

[0026] However, when the angle/orientation sensor
120 detects that the relative angle between its force-
sensing axis and the direction of gravity exceeds a pre-
determined threshold, the processor 114 of weighing sys-
tem 100 may determine that weight measurement may
not be accurately corrected. The predetermined thresh-
old for the tilt angle may be +=45°, or +40°, or =35°, or
+30°, or +£25°, or =20°, or =£15°, or =10°, or =5°, or
+3°, depending upon specific measurement precision
requirement for the weighing system 100. The processor
114 of the weighing system 100 may generate a signal
to the force sensor 116 and/or the angle/orientation sen-
sor 118 in order to temporarily inhibit a weight measure-
ment to be taken by the weighing system 100. Simulta-
neously, the processor 114 may be configured to gener-
ate signals to an interface module 122 by blanking a cor-
responding digital weight indicator (i.e. , displaying non-
metro-logically significant readings) of weighing system
100, or returning values to any interfaced system or de-
vice that cannot be interpreted as a measurement, or
inhibiting a weight measurement from being recorded for
a predetermined period of time. The term "module" as
used herein refers to a real-world device, component, or
arrangement of components implemented using hard-
ware, such as by an application specific integrated circuit
(ASIC) or field-programmable gate array (FPGA), for ex-
ample, or as a combination of hardware and software,
such as by a microprocessor system and a set of instruc-
tions to implement the module’s functionality, which
(while being executed) transform the microprocessor
system into a special-purpose device. A module can also
be implemented as a combination of the two, with certain
functions facilitated by hardware alone, and other func-
tions facilitated by a combination of hardware and soft-
ware. In certain implementations, at least a portion, and
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in some cases, all, of a module can be executed on the
processor of a general-purpose computer. Accordingly,
each module can be realized in a variety of suitable con-
figurations and should not be limited to any example im-
plementation exemplified herein.

[0027] For example, in response to detecting an out-
of-range tilt angle of the load receiving element 112 and
no valid weight measurement can be taken over a pre-
determined period of time (e.g., over 2 minutes), the
processor 114 of weight system 100 may obtain and
transmit the real-time location information (e.g., via a
global positioning system (GPS) sensor (not shown)) and
identifying information (e.g. , a unique identifier) of the
load receiving element 112 and/or the self-checkout ve-
hicle 102 to another computing device (e.g. , a local or
remote server system 106) via the communication net-
work 108. As a result, a notification may be generated
and routed, either by processor 114 or server 106, to
appropriate personnel (e.g. , store staff) with specific lo-
cation and identifying information of the load receiving
element 112 and/or the self-checkout vehicle 102 in case
any assistance is needed by a customer.

[0028] Moreover, weighing system 100 may use a mo-
tion sensor 124 (e.g., 1-axis, 2-axis, 3-axis or multi-axis
accelerometer, gyroscopes or any suitable sensor)to de-
tect a motion of the load receiving element 112 against
a first predetermined threshold, or a standard deviation
in weight readings as measured by the load receiving
element 112 against a second predetermined threshold,
and determine whether a valid weight measurement is
available.

[0029] For example, in order to improve the accuracy
and reliability of weighing system 100, the motion sensor
124 may be configured to detect the degree of vibration
and/or shock of the load receiving element 112. In one
embodiment, a vibration sensor (an example form of mo-
tion sensor 124) may be installed on the load receiving
element 112 and configured to generate a voltage signal
that is proportional to the amount of acceleration or vi-
bration of the load receiving element 112. One example
device may be an accelerometer-based micro-electro-
mechanical system (MEMS) device, which can detect
acceleration in two or three axis. Voltage signal from the
vibration sensor may be fed into an A/D converter for
generating a digital signal that is proportional to the
amount of acceleration or vibration measured by the vi-
bration sensor. For example, a low-speed A/D converter
may be used to convert a low-bandwidth (e.g. , less than
50 Hz) signal from an analogue voltage to a digital value.
Operating as an ultra-low power device, the processor
114 of weighing system 100 may be configured to sample
the A/D converter for a very short period of time at a very
slow rate (e.g., measure for a few milliseconds every
five seconds).

[0030] Inanother embodiment, the motion sensor 124
may detect acceleration on each of its axis. The result
may include a constant DC voltage from the axis that is
affected by gravity. In order to detect acceleration only
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from vibration and not gravity, the processor 114 of
weighing system 100 may be configured to determine
the difference or derivative between consecutive sam-
ples received from the motion sensor 124 so as to remove
the DC component and the effect from gravity and tilting
of the sensor 124. A filter circuitry (not shown) may also
be used to smooth the outputs from the A/D converter to
reduce the variance from successive samples. Raw A/D
samples may be processed by the filter circuitry to gen-
erate a smoother numeric value representing the level
of vibration of the load receiving element 112. A sample
may be taken every five seconds on each axis of the
motion sensor 124. The Delta or difference between two
successive samples may be taken from the correspond-
ing axis. In order to detect vibration with greater sensi-
tivity, the Deltas may be integrated over multiple samples
(e.g., 5 samples or every 25 seconds) to produce a fil-
tered vibration value. Other means of filtering, such as a
moving filter or infinite impulse response (lIR) filter, may
be used.

[0031] The processor 114 of weighing system 100 may
compare the filtered vibration value to a threshold to de-
termine a current motion state of the load receiving ele-
ment 112. To account for momentary or temporary mo-
tion changes, a motion state may be confirmed when it
is maintained for a predetermined period of time (e.g.,
40 seconds). If the filtered vibration value exceeds the
threshold, the processor 114 may determine that the load
receiving element 112 is moving.

[0032] In accordance with additional aspects of the
present disclosure, weighing system 100 may include at
least one temperature sensor 126 configured to adjust a
weight measurement that may be affected by ambient
conditions surrounding the weighing system 100 includ-
ing but are not limited to temperature, humidity, and pres-
sure. For example, ambient temperature may cause
changes in the load receiving element 112, changes in
resistance of components in the signal chain such as
wires, as well as changes in A/D converters typically in-
terfaced with various sensors and modules of the weigh-
ing system 100. By measuring ambient temperature, the
processor 114 of weighing system 100 may correct the
difference between the actual weight of the applied load
and the weight measurement received from the load re-
ceiving element 112. That is, by measuring current am-
bient conditions (e.g., a current temperature), weighing
system 100 may apply corrections to raw sensor readings
and generate an accurate measurement of the true
weight of the applied load to the load receiving element
112.In one aspect, these corrections may also be applied
to the angle/orientation sensor 120 and corresponding
circuitry to correct for any sensor drift induced by tem-
perature. If the temperature sensor 126 detects a tem-
perature outside of its designated operating range (e.g. ,
operational temperature of -20 to 80 degrees Celsius or
other predetermined temperature range), the processor
114 of weighing system 100 may generate a signal to
inhibit a weight measurement from being displayed or
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recorded.

[0033] In accordance with another aspect of the
presentdisclosure, weight signals received from the load
receiving element 112 may be verified against a thresh-
old value by the processor 114 of weighing system 100
to determine the validity of a weight measurement. Ac-
cording to the invention, the self-checkout vehicle 102 is
configured to scan each merchandise being placed into
its storage space, and weight related information of each
merchandise (e.g., a net weight as provided by a manu-
facturer, a mean weight, a weight standard deviation) in
a specific retail store may be saved on memory 128 of
weighing system 100 or retrieved from a local or remote
database 106 that isin communication with the processor
114 via the communication network 108. As a merchan-
dise is identified by a scanner device of the self-checkout
vehicle 102, and placed on the load receiving element
112, the weight of the merchandise measured by the
force sensor 116 of the load receiving element 112 is
compared to a weight range calculated from the mean
and standard deviation data obtained by the processor
114 from the memory 128 or the database 106 for that
item. If the weight falls within the range (e.g. , weight =
the standard deviation SD), the insertion of the merchan-
dise into the vehicle 102 may be accepted. If the weight
falls outside this range, especially in a self-checkout
shopping context, processor 114 of weighing system 100
may generate signals to inhibit further weight measure-
ments and optionally generate a notification to store staff
as part of security measures.

[0034] In accordance with further aspects of the
present disclosure, weighing system 100 may include a
calibration module 130 configured to provide any neces-
sary information and data to ensure successful opera-
tions of various sensors and components of weighing
system 100. Examples may include coefficients for equa-
tions used in correction processes of various sensors
and components such as temperature and angle, con-
version factors for converting from raw sensor inputs to
a designated measurement system (conversion to Ibs,
grams, degrees Celsius, etc ...), any relevant constants
including but not limited to offsets in angle with respect
to the angle/orientation sensor 120 and the force-sensing
axis of the load receiving element 112, and bias correc-
tions for the temperature sensor 126. For example, as
ambient conditions (e.g., temperature) may affect the
load receiving element 112 and various sensors and cir-
cuitries of the weighing system 100 differently, different
operational temperature ranges may be obtained and set
for the load receiving element 112 and each sensor, such
that measurement adjustment may be carried out inde-
pendently.

[0035] It should be appreciated that weighing system
100 may have different form-factors. In one embodiment,
weighing system 100 may include multiple load receiving
elements 112 coupled to the self-checkout vehicle 102.
The main body of each of the plurality of load receiving
elements 112 is preferably a weather-resistant, low-pro-
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file enclosure structure configured to contain and protect
various sensors, modules, components and electrical cir-
cuitry of the weighing system 100. Each load receiving
element 112 may be positioned and secured underneath
a selected area of the base of vehicle 102. The top sur-
face of each load receiving element 112 may be a planar
surface, parallel to the horizontal base of vehicle 102.
Each load receiving element 112 may be configured to
independently carry out a weight measurement. The
processor 114 of weighing system 100 may be config-
ured to execute and control various sensors and modules
of eachloadreceiving element 112 to determine an actual
weight based on the input of each load receiving element
112 and inhibit a weighing operation in response to de-
tecting that a sensor output exceeds a selected thresh-
old, as described above.

[0036] FIG. 2 illustrates a flowchart of a method 200
implemented by the aforementioned weighing system
100, in accordance with aspects of the present disclo-
sure. The method 200 comprises mounting (202) at least
one load receiver on a shopping cart or basket for receiv-
ing an item placed into the shopping cart or basket for a
weighing operation. The method 200 also comprises pro-
viding (204) a plurality of sensors on the shopping cart
or basket and the at least one load receiver for detecting
a plurality of parameters relating to the weighing opera-
tion of the item including at least one of: a relative angle
between a force sensing axis of the at least one load
receiver and a direction of gravity, a motion of the shop-
ping cart or basket, and an ambient temperature sur-
rounding the shopping cart or basket and the at least one
load receiver. In addition, the method 200 comprises de-
termining (206), by a processor, an actual weight of the
item based at least on the plurality of parameters.
[0037] In various aspects, the systems and methods
described herein may be implemented in hardware, soft-
ware, firmware, or any combination thereof. Ifimplement-
ed in software, the method (e.g., method 200) may be
stored as one or more instructions or code on a non-
transitory computer-readable medium (e.g., memory
128). Computer-readable mediumincludes data storage.
By way of example, and not limitation, such computer-
readable medium can comprise RAM, ROM, EEPROM,
CD-ROM, Flash memory or other types of electric, mag-
netic, or optical storage medium, or any other medium
that can be used to carry or store desired program code
in the form of instructions or data structures and that can
be accessed by a processor of a computer.

Claims
1. A weighing system (100), comprising:
a shopping cart or basket (102) having
at least one load receiver (112) configured to

perform a weighing operation of an item placed
into the shopping cart or basket;
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a scanner device,

a plurality of sensors (116, 120, 124, 126) con-
figured to detect a plurality of parameters relat-
ing to the weighing operation of the item includ-
ing at least one of: a relative angle between a
force sensing axis of the at least one load re-
ceiver (112) and a direction of gravity, a motion
of the shopping cart or basket, an ambient tem-
perature surrounding the shopping cart or bas-
ket and the at least one load receiver; and

a processor (114) configured to determine an
actual weight of the item based on an output of
the at least one load receiver and at least a por-
tion of the plurality of parameters,

the processor being further configured to:

identify the item placed on the at least one
load receiver from a scan performed by the
scanner device,

obtain information on the item from a com-
puting device via acommunication network,
the information of the item obtained from
the computing device comprising at least
one of a net weight of the item, a mean
weight of the item, and a weight standard
deviation of the item; and

generate atleast one signal indicative of the
actual weight falling outside a range deter-
mined from the information derived from the
communication network.

The system of claim 1, wherein the computing device
comprises at least one of: a remote computing de-
vice and a local computing device.

The system of claim 1 or claim 2, wherein the com-
munication network is Cloud-based.

The system of any preceding claim, wherein the plu-
rality of sensors further comprise:

a sensor configured to measure a plurality of cali-
bration parameters relating to a calibration process
of the at least one load receiver.

A method comprising:

mounting at least one load receiver (112) on a
shopping cart or basket (102) for receiving an
item placed into the shopping cart or basket for
a weighing operation;

providing a plurality of sensors
(116,120,124,126) on the shopping cart or bas-
ket and the at least one load receiver (112) for
detecting a plurality of parameters relating to the
weighing operation of the item including at least
one of: arelative angle between a force sensing
axis of the at least one load receiver and a di-
rection of gravity, a motion of the shopping cart
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or basket, and an ambient temperature sur-
rounding the shopping cart or basket and the at
least one load receiver;

modifying, by means of a processor, the out-
put(s) of the at least one load receiver in de-
pendence upon the output of at least a portion
of the sensors to determine an actual weight of
the item;

identifying the item from a scan performed by
means of a scanner device of the shopping cart
or basket;

obtaining, by the processor of the shopping cart
of basket, information of the identified item from
a computing device via a communication net-
work; the information comprising at least one of
(i) a net weight of the item, (ii) a mean weight of
the item, and (iii) a weight standard deviation of
the item; and

generating atleast one signal, by the processor,
indicative of the weight falling outside a range
determined from the information derived from
the communication network.

The method of claim 5, wherein the computing de-
vice comprises at least one of: a remote computing
device and a local computing device.

The method of claim 5 or claim 6, wherein the com-
munication network is Cloud-based.

The method of claim 5, 6, or 7, wherein the plurality
of sensors further comprise:

a sensor configured to measure a plurality of cali-
bration parameters relating to a calibration process
of the at least one load receiver.

Patentanspriiche

Wiegesystem (100), umfassend:

einen Einkaufswagen oder Warenkorb (102),
aufweisend

mindestens einen Lastaufnehmer (112), der da-
zu konfiguriert ist, einen Wiegevorgang eines
Artikels durchzufiihren, der in den Einkaufswa-
gen oder den Warenkorb gelegt ist, durchzuflih-
ren;

eine Scanner-Vorrichtung,

eine Vielzahl von Sensoren (116, 120, 124,
126), die dazu konfiguriert sind, eine Vielzahl
von Parametern zu erfassen, die sich auf den
Wiegevorgang des Artikels beziehen, ein-
schliellich mindestens eines von Folgendem:
eines relativen Winkels zwischen einer Krafter-
fassungsachse des mindestens einen Lastauf-
nehmers (112) und einer Schwerkraftrichtung,
einer Bewegung des Einkaufswagens oder des
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Warenkorbs, einer Umgebungstemperatur, die
den Einkaufswagen oder den Warenkorb und
den mindestens einen Lastaufnehmer umgibt;
und

einen Prozessor (114), der dazu konfiguriert ist,
ein tatsachliches Gewicht des Artikels basie-
rend auf einer Ausgabe des mindestens einen
Lastaufnehmers und mindestens einem Teil der
Vielzahl von Parametern zu bestimmen,

wobei der Prozessor ferner zu Folgendem kon-
figuriert ist:

|dentifizieren des Artikels, der auf den min-
destens einen Lastaufnehmergelegtist, an-
hand eines Scans, der von der Scanner-
Vorrichtung durchgefiihrt wird,

Erhalten von Informationen tber den Artikel
von einer Rechenvorrichtung tiber ein Kom-
munikationsnetzwerk, wobei die Informati-
onen Uber den Artikel, die von der Rechen-
vorrichtung erhalten werden, mindestens
eines von einem Nettogewicht des Artikels,
einem Durchschnittsgewicht des Artikels
und einer Standardabweichung des Ge-
wichts des Artikels umfassen; und
Erzeugen mindestens eines Signals, das
anzeigt, dass das tatsachliche Gewicht au-
Rerhalb eines Bereichs liegt, der anhand
der Informationen bestimmt wird, die von
dem Kommunikationsnetzwerk erlangt wur-
den.

System nach Anspruch 1, wobei die Rechenvorrich-
tung mindestens eines von Folgendem umfasst: ei-
ne entfernte Rechenvorrichtung und eine lokale Re-
chenvorrichtung.

System nach Anspruch 1 oder Anspruch 2, wobei
das Kommunikationsnetzwerk cloudbasiert ist.

System nach einem der vorhergehenden Anspri-
che, wobei die Vielzahl von Sensoren ferner Folgen-
des umfasst:

einen Sensor, der dazu konfiguriert ist, eine Vielzahl
von Kalibrierungsparametern zu messen, die sich
auf einen Kalibrierungsprozess des mindestens ei-
nen Lastaufnehmers beziehen.

Verfahren, umfassend:

Montieren von mindestens einem Lastaufneh-
mer (112) an einem Einkaufswagen oder einem
Warenkorb (102) zum Aufnehmen eines Arti-
kels, derin den Einkaufswagen oder Warenkorb
gelegt ist, fur einen Wiegevorgang;

Bereitstellen einer Vielzahl von Sensoren (116,
120,124, 126) an dem Einkaufswagen oder dem
Warenkorb und dem mindestens einen Lastauf-
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nehmer (112) zum Erfassen einer Vielzahl von
Parametern im Zusammenhang mit dem Wie-
gevorgang des Artikels, einschlieRlich mindes-
tens eines von Folgendem: eines relativen Win-
kels zwischen einer Krafterfassungsachse des
mindestens einen Lastaufnehmers und einer
Schwerkraftrichtung, einer Bewegung des Ein-
kaufswagens oder des Warenkorbs und einer
Umgebungstemperatur, die den Einkaufswa-
gen oder den Warenkorb und den mindestens
einen Lastaufnehmer umgibt;

Modifizieren der Ausgabe(n) des mindestens ei-
nen Lastaufnehmers in Abhangigkeit von der
Ausgabe von mindestens einem Teil der Sen-
soren mittels eines Prozessors, um ein tatsach-
liches Gewicht des Artikels zu bestimmen;
Identifizieren des Artikels anhand eines Scans
des Einkaufswagens oder Warenkorbs, der mit-
tels einer Scanner-Vorrichtung durchgefiihrt
wird;

Erhalten von Informationen tiber denidentifizier-
ten Artikel von einer Rechenvorrichtung tiber ein
Kommunikationsnetzwerk durch den Prozessor
des Einkaufwagens oder des Warenkorbs; wo-
bei die Informationen mindestens eines von (i)
einem Nettogewicht des Artikels, (ii) einem
Durchschnittsgewicht des Artikels und (iii) einer
Standardabweichung des Gewichts des Artikels
umfassen; und

Erzeugen mindestens eines Signals durch den
Prozessor, das anzeigt, dass das Gewicht au-
Rerhalb eines Bereichs liegt, der anhand der In-
formationen bestimmt wird, die von dem Kom-
munikationsnetzwerk erlangt wurden.

Verfahren nach Anspruch 5, wobei die Rechenvor-
richtung mindestens eines von Folgendem umfasst:
eine entfernte Rechenvorrichtung und eine lokale
Rechenvorrichtung.

Verfahren nach Anspruch 5 oder Anspruch 6, wobei
das Kommunikationsnetzwerk cloudbasiert ist.

Verfahren nach Anspruch 5, 6 oder 7, wobei die Viel-
zahl von Sensoren ferner Folgendes umfasst:
einen Sensor, der dazu konfiguriert ist, eine Vielzahl
von Kalibrierungsparametern zu messen, die sich
auf einen Kalibrierungsprozess des mindestens ei-
nen Lastaufnehmers beziehen.

Revendications

Systeme de pesée (100) comprenant :

un chariot ou panier d’achats (102) comportant
au moins un récepteur de charge (112) configu-
ré pour effectuer une opération de pesée d’'un
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article placé dans le chariot ou le panier
d’achats ;

un dispositif scanner,

une pluralité de capteurs (116, 120, 124, 126)
configurés pour détecter une pluralité de para-
meétres relatifs a I'opération de pesée de l'article
comprenant au moins un parmi : un angle relatif
entre un axe de détection de force dudit au
moins un récepteur de charge (112) et une di-
rection de gravité, un mouvement du chariot ou
panier d’achats, et une température ambiante
entourant le chariot ou panier d’achats et ledit
au moins un récepteur de charge ; et

un processeur (114) configuré pour déterminer
le poids réel de l'article sur la base d’'une sortie
dudit au moins un récepteur de charge et d’'au
moins une partie de la pluralité de paramétres,
le processeur étant en outre configuré pour :

identifier I'article placé sur ledit au moins un
récepteur de charge a partir d’'un balayage
effectué par le dispositif scanner,

obtenir des informations sur l'article a partir
d’un dispositif informatique via un réseau
de communication, les informations sur 'ar-
ticle obtenues a partir du dispositif informa-
tigue comprenant au moins un parmi le
poids net de l'article, le poids moyen de I'ar-
ticle et I'écart type du poids de l'article ; et
générer au moins un signal indiquant que
le poids réel se situe en dehors d’une plage
déterminée a partir des informations déri-
vées du réseau de communication.

Systeme selon la revendication 1, ledit dispositif in-
formatique comprenant au moins un parmi : un dis-
positif informatique distant et un dispositif informati-
que local.

Systeme selon la revendication 1 ou la revendication
2, ledit réseau de communication étant basé sur le
cloud.

Systeme selon 'une quelconque des revendications
précédentes, ladite pluralité de capteurs compre-
nant en outre :

un capteur configuré pour mesurer une pluralité de
paramétres d’étalonnage relatifs a un processus
d’étalonnage dudit au moins un récepteur de charge.

Procédé comprenant :

le montage d’au moins un récepteur de charge
(112) sur le chariot ou panier d’achats (102) des-
tiné a recevoir un article placé dans le chariot
ou panier d’achats pour une opération de
pesée ;

la fourniture d’'une pluralité de capteurs (116,
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120, 124, 126) sur le chariot ou panier d’achats
et ledit au moins un récepteur de charge (112)
pour détecter une pluralité de paramétres rela-
tifs a I'opération de pesée de l'article compre-
nant au moins un parmi : un angle relatif entre
un axe de détection de force dudit au moins un
récepteur de charge et une direction de gravité,
un mouvement du chariot ou panier d’achats, et
une température ambiante entourant le chariot
ou panier d’achats et leditau moins unrécepteur
de charge ;

la modification, au moyen d’un processeur, de
la ou des sorties dudit au moins un récepteur de
charge en fonction de la sortie d’au moins une
partie des capteurs de maniére a déterminer le
poids réel de l'article ;

l'identification de I'article a partir d’'un balayage
effectué au moyen d'un dispositif scanner du
chariot ou panier d’achats ;

I'obtention, par le processeur du chariot ou pa-
nierd’achats, d’'informations sur 'article identifié
apartird’'undispositifinformatique viaun réseau
de communication ; les informations compre-
nant au moins un parmi (i) le poids net de I'arti-
cle, (ii) le poids moyen de I'article, et (iii) I'écart
type du poids de l'article ; et

la génération d’au moins un signal, par le pro-
cesseur, indiquant que le poids tombe en dehors
d’une plage déterminée a partir des informations
dérivées du réseau de communication.

Procédé selon la revendication 5, ledit dispositif in-
formatique comprenant au moins un parmi : un dis-
positif informatique distant et un dispositif informati-
que local.

Procédé selon la revendication 5 ou la revendication
6, ledit réseau de communication étant basé sur le
cloud.

Procédé selon la revendication 5, 6 ou 7, ladite plu-
ralité de capteurs comprenant en outre :

un capteur configuré pour mesurer une pluralité de
paramétres d’étalonnage liés a un processus d’éta-
lonnage dudit au moins un récepteur de charge.
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200 \

Mount at least one load receiver on a shopping cart or basket for
receiving an item placed into the shopping cart or basket for a weighing
operation

202
2

Provide a plurality of sensors on the shopping cart or basket and the at
least one load receiver for detecting a plurality of parameters relating to
the weighing operation of the item including at least one of: a relative
angle between a force sensing axis of the at least one load receiver and a
direction of gravity, a motion of the shopping cart or basket, and an
ambient temperature surrounding the shopping cart or basket and the at
least one load receiver

204
O

Determine, by a processor, an actual weight of the item based at least on
the plurality of parameters

206
=

FIG. 2
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