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(57) Abstract: An induction station for conveying packages in a storage facility is provided. The induction station includes a plurality
of parallel feed conveyors including at least first and second conveyors, and one or more buffer conveyors including at feast a third
conveyor for conveying the packages from the first and second conveyors to the third conveyor. The induction station further includes
sensors for measuring a height, a weight, a length, and a width of each package. The induction station further ncludes sensors tor
detecting each package as one of a first package type or a second package type. The induction station further includes a controller to
control a first a second speed, and a third speed of the first through third conveyors, respectively, based on the detected package type
of each package and at least one of the weight, height, length, and width of each package.
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INDUCTION STATION FOR CONVEYING PACKAGES INSTORAGE FACILITY

CROSS REFERENCE TORELATED APPLICATION

jone1} This present disclosure claims the benefit of priovity to 1S, Patent Application
No. 16/657,745, “INDUCTION STATION FOR CONVEYING PACKAGES IN STORAGE

FACILITY,” filed October 18, 2019, which is incorporated by reference hevein in its entirety,

FIELD OF THE DISCLOSURE

{0002} The present disclosure relates generaily to management of storage facilities, and,

more particelarly to an induction station in & storage facility for conveving packages,

BACKGROUND
10603] Modern storage facilities or warehouses handle a large number of packages or

mventory items on a daily basis. These storage facilities may employ automated induction
stations (¢.g., avtometed sortation systems) for inducting packages in and out of & storage
facitity, Such induction stations also cater to various other requirements &t the storage facility
such as, but not limited to, sortation of the packages, distribution of the packages between
different types of automated facilities in the storage facility, or the like. Therefore, efficient and
quick induction of the packages is essential n streamiining operations at the storage facility and
mmproving an efficiency or throughput of the storage facility, Consequently, a throughput of the
tnsluction station mfluences the thronghput of the storage facility. A low throughpus of the
induction station can serve as a boitleneck to the operations at the storage facility, causing a dip
n the efficiency of the storage facility and resulting in seb-optimal refurns for an entity

associated with the storage facility that may not be desirable.

{0004] Induction stations are typically desipned to handle only one package at a ime,
Each tnduction station 1s further designed to handle a specific type of package at g time. For
example, & first type of induction station is designed to handle sinall packages, which cannot
handle large packages. Further, a second type of induction station s designed to handle large
packages gs well as small packages (one at a time), bot leads o wderutilization of the second
type of induction station. Using different types of induction stations (e.g., the first and second

1
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types of induction stations} for handling different tvpes of packages {e.g., the small and large
packages) may be capital intensive, inefficient, and time conswming, Further, the conventional
induction stations may not be accurate for measuring various dimenstonal parameters associated
with each package. For example, the copventional induction stations use laser-based
dimensioning systems or viston-based dimensioning systems for measuring the vagious
dimensional parameters. The laser-based dimensioning systems are expensive, while the vision-
based dimensioning sysiems are Jess accurste than the laser-based dimensioning systems. So,
there exists a fradeofl between price and accuracy. In light of the foregoing, there exists a need
for an efficient and effective induction station that is capable of handling small and large

packages, and i3 cost effective while offering a high degres of accaracy.

SUMMARY

[0005] In ap embodiment of the present disclosure, an mduction station for conveying
one or more packages in a storage facility 13 provided. The induction station includes first,
second, and third conveyors. The first and second conveyors are used for conveying the gne of
more packages from the first and second conveyors 1o the third conveyor, The first and second
conveyors are in paraliel. The induction station further includes a fivst set of sensors for
measuring a weight, a height, 8 length, and 8 width of each package. The induction station
further inchudes a second set of sensors for detecting a package type of each package a3 one of'a
first package type or a second package type. The second set of sensors i3 installed in a first gap
between the first and second conveyors, The induchon station further includes a controller
configured to control a first speed of the first convevor, a second speed of the second conveyor,
and & third speed of the third convevor for conveving the one or more packages. The first speed,
the second speed, and the third speed are controlied based on the detected package type of each

package and at least one of the weight, helght, length, and width of each package.

[0005] In another ¢mbodiment of the present disclosure, a dimensioning system for an
induction station in a storage facility 15 provided. The dimensioning system includes a first set of
sensors configured 1o collect first sensor data for dynamically measuning & hetght of sach
package of vae or more packages and a second set of sensors configured to collect second sensor

data for dynamically messunng a length and 8 width of each package. Each package is placed on



WO 2021/074687 PCT/1IB2020/000856

at least one of first and second convevors of the induction station and is moving from at least one
of the first and second conveyors to a third conveyor of the induction station. A controller of the
induction station dynamically determines the height of each package based on the first sensor
data collected by the first set of sénsors, and the fength and width of each package based on the

second sensor data collected by the second set of sengors,

BRIEF DESCRIFTION OF THE DRAWINGS

{0007} The accompanying drawings tHustvate the varions embodiments of sysiens,
methods, and other aspects of the disclosure. It will be apparent 1o a person skilled in the art that
the iflustrated slement boundaries {e.g., boxes, groups of boxes, or other shapes) i the figures
represent one example of the boundaries. In some examples, one element may be designed as
multiple clements, or multiple elements may be designed as one element. In some examples, an
element shown as an internal component of one element may be implemented as an external

component in another, and vice versa,

[0008] Various embodiments of the present disclosure are Husirated by way of example,

andd not Hmated by the appended fignres, m which like references indicate similar elements:

{0009 FIG. 113 a block diagram that iHustrates an exemplary eovironment, in

accordance with an embodiment of the present disclosure;

{0010} FI(3. 2 is 2 block diagram that dlustrates an architecture of a dimensioning sub-
system of an induction station of FIG. 1, in sccordance with an embodiment of the present
disclosare;

{011} FIG. 3 is a block diagram that Hiusirates an architecture of the induction

station, in accordance with an embodiment of the present disclosure;

{9912} FIG. 4 15 a dingram that tHustrates » three-dimenstonal (3D) representation of the

mduction station, m accordance with an embaodiment of the present disclosure;
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[o013) FIGS. SASSC are diagrams that collectively tlustrate an exemplary process flow
for conveying first and second packages, in accordance with an embodiment of the present

disclosure;

{0014 FIGS. 6A and 6B are block diagrams that illustrate top and side views,

respectively, of the induction station, i accordance with an embodiment of the present

disclosure;
[0015) FUGS. 7A and 78 are block diagrams thay illustrate top and uide views,

respectively, of the induction station ata first time instance “&=ty", In accordance with an

enhodinent of the present disclosure;

{0015] FIGS, 7C gnd 7D are block diagrams that iltustrate top and side views,
respectively, of the induction station at a second tme instance "=t in accordance with an

embodiment of the present disclosure;

{0017 FIGS. 7E and 7F are block diagrams that tHhustrate top and side views,

respectively, of the induction station at a third tose instance =47, m accordance with an

smbodiment of the present disclosure;

{0018 FIGS, 8A-8C are diagrams that collectively iHlustrate an exemplary process flow

for conveving athird package, in accordance with an embodiment of the present disclosure;

[0019] FIG. 9 is a block diagram that iustrates a control server of FIG. 1, in accordance

with an embodiment of the present disclosure;

{0020} FIG. 10 1 a disgram that iHlusirates 8 3D representation of an induction station, in

accordance with another embodiment of the present disclosure; and

021} FIG. 11 15 a block diggram that tllustrates an architecture of a computer system, in

accordance with an embodiment of the present disclosure.
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10022} Further areas of applicability of the present disclosure will becoine apparent from
the detailed description provided heretnafter. It should be understood that the detailed description
of exemplary embodunents s mtended for tllustration purposes only and 15, therefore, not

mtended to necessarily Hmit the scope of the disclosure.

DETAILED DESCRIPTION

{0023 The present disclosure is best understood with reference to the detailed figures
and description set forth herein. Various embodiments are discussed below with reference o the
figures, However, those skilled in the art will readily appreciate that the detailed descriptions
given herein with respect to the figures are simply for explanatory purposes as the methods and
systems may extend bevond the described embodiments. In one example, the eachings presemed
and the needs of a particular application may yield multiple aliernate and switable approaches to
mnplement the functionality of any detail described herem. Therefore, any approach may extend
beveond the particolar implementation chotees in the following embodiments that are described

and shown,

AL I

{0024] References to “an embodiment”, “another embodiment”, “vet another

LI ik

arother example”™, “vet another example”, “for exaniple”, and so

e I AR,

embodunent”, “one example”,
on, ilicate that the embodiment{s} or example{s) so desoribed may include a particular feature,
stracture, characieristic, property, element, or Himitation, but that not every embodiment or
example necessarily includes that particulay feature, structure, chavacteristic, property, element or
Himitation, Fatthermore, repeated use of the phrase “in an embodiment” does not necessarily

rafer to the same embodiment.

{0025} Embodiments of the present disclosure provides an induction station for
conveying one or more packages (heretnafier, “the packages™) in g storage facility. Examples of
the storage factlity may mclude a warchouse, a retail store, 8 package processing facility, a
sorting facility, or any combination thereof. The induction station mchudes g plurality of feed
conveyors {e.g., first and second convevors) and one or maore bufter conveyors {eg., the third
conveyar). The plurality of feed conveyors are used for conveying the packages from the

plurality of feed conveyors to the one or more buffer convevors. For example, the first and
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secomd conveyors are used for conveying the packages from the first and second convevoss {o
the third conveyor. The plurality of feed conveyors {e.g., the first and second conveyors) may be
in paratlel. In some embodiments, the induction station fusthey includes a first et of sensors
{e.g., ultrasonic sensors, light array sensors, weight seasors, orthe like) for measuring a heiglt, a

height, & lengih, o width, and a weight of each package of the packages and g position of each

L

package on at least one of the first and second convevors. The controller may determine a height,
a length, @ width, a position, and a weight of ecach package, based on sensor data from the Srst
set of sensors. The induction station may further mclude a second set of sensors for detecting
whether each package is one of g first package type or @ second package tvpe. Each package of
the first package iype, when placed on one of the first and second conveyors, s within
boundaries of a corresponding conveyor {¢.2., package 1s ahigned on conveyar such that the
package doexs not fall off as the conveyor transports the package). Each package of the second
package type, when placed on one of the first and second conveyors, occupies first and second
portions of the first and second conveyors. The induction station may Ruther chade a controller
configured to control a first speed, a second speed, a third speed of the first, second, and third
convevors, respectively. The first speed, second speed, and the third speed may be controlled
based on the detected package tvpe of each package and at least one of the weight, height, length,
and width of each package. The controller may be further configured to communicate with a
control server over a communication network, The controller may conununicate the height, the
weight, the length, the width and an identification code of each package to the control server. In
some embodiments, the control server selects one or more transport vehicles, from a set of
fransport vehicles, for transporting each package from the third conveyor to a location
corresponding to each package. The contvol server may select the one or mmote fransport vehicles
based on package details of each package and at least one of the weight, height, length, and

width of cach package.

[0026] Embodiments of the present disclosure disclose a dimensioning system for an
induction station i a storage facility. The dimensioning system may include a first set of sensors
configured to collect Hirst sensor data for dynamically measuring a height of each package of one
or more packages (hereinafier, "the packages’). The dimensioning system may further include a

second set of sensors for collecting second sensor data for dynamically measuring 2 length and a
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width of each package. Bach package 15 placed on at least one of a plurality of feed conveyors
{e.z., first and second convevors) of the induction station to one or more buffer cowveyors {e.g., &
third conveyor) of the induction station and 13 moving from at the least ong of the phurality of
feed conveyors to at least one of the ong or mwre buffer conveyors. In some catbodiments, g
controfler of the mduction station determines the height of each package based on the first sensor
data collected by the first set of sensors, and the length and width of each package based on the
second sensor data collecied by the second set of sensors. The induction station may include 8
third set of sensors for detecting a package tvpe of each package as one of a first package type or
a second package type. The controfler may determine a weight of each package based on sensor

data collecied by a fourth set of sensors of the induction station,

16027} In some embodiments, the fourth set of seasors includes one or more weight
sensors and each weight sensor. The first and second convevors may be configured to convey
two packages of the first package type, stmultaneously, or a single package of the second
package type. The second set of sensors may fursher be configured to nicasure a position of vach
package on at least one of the first and second convevors. In some embodiments, the controlier
controls a first speed of the first conveyor, a second speed of the second conveyor, and a third
speed of the third conveyor for conveying the packages. The first speed, the second speed, and
the third speed may be controlled based on the package type of sach package and at least one of
the height, length, width, and weight of each package. The controller may communicate with a
control server over a communication network. The control server may select one or more
transport vehicles, from a set of transport vehieles, for transporting each package from the third
conveyor to a Hrst location associated with each package. The vae or more transport vehicles
mayv be selected based on at least one of the package details of each package and at loast one of

the height, the length, the width, and the weight of each package,

[0028] In some embodiments, “Induction station”™ may be a material handling system
used for handling and managing packages or inventery items m g storage facdity suchas g
warehouse, a retail store, a sorting facility, a package processing facility, or a combination
thereof. In one exanple, the induction station may be a stand-alone entity. In another example,
the induction station may be an emity that constitutes g part of a supply chain system. For
example, the induction station may include 8 plurality of parallel feed convevors and a buffer

7
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conveyor, The induction station may be operable for conveying packages from at least one of the
plurality of feed convevors to the buffer conveyor, The induction station may further include g
set of sensors (such as one oy more ulttasonic sensors, light array sensors, or weight sensors) for
measuring ong or more parameters {such as a height, a weight, & length, or & width} associated

with each package.

[0029] in some embodiments, “Package” may be an mventory item (e.g., an apparel, an
elpctronic device, a grocery itemn, or the ke) or a containgr {e.g., a cardboard container)

mctuding one or more inveatory items.

{0030} I some embodiments, “Package wype” of a package may mndicate a category of
the package, determined based on at least a size {L.¢., a length, & width, 2 height, or any
combination thereof) of the package. One or more package types may melude a first package
type {£e, a sinall sized package), a secend package type (e, a medium sized package), or a

thurd package tvpe (i.e, 8 large sired package).

{0031} In some embodiments, “Transport vehicle™ may be a robotic vehicle {such asan
gutomated guided vehicle, AGY) that executes cne or more operations in a storage facility, such

as fransporting packages from one location to another location in the storage factlity. For
example, a {first ransport vehicle may transport a package from an induction station in the

storage facility to & Hrst location in the storage facility.

{0032 In some smbodiments, “Storage facitity” may be a warehouse or retail store that
includes one or move inventory storage units (such as mobile storage units) for storing one ar
more inventory items of packages. The storage facility may also be a sorting facility for sorting

packages, a package processing facility for processing packages, or the like. The storage faoility

&

may farther include one or more assles for tansport vehicles to move in the storage facility,

[0033] FIG, 1 5 a block diagram that illustrates an exemplary environment 100, in
accordance with an embodiment of the present disclosure. The eovirenment 100 shows a storage
facility 102, The storage facility 102 includes a storage area 104, first and second induction

stations 100a and 106b (bereinatier, the first and second induction stations 106a and 106h arg
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referred to ag “the induction stations 1067, first and second operators 108a and 108b (hereinafier,
the first and second operators 108 and 108b are referred to as “the operators 1087, first and
second transport vebicles 110 and 1100 (hereinafter, the first and second transport vehicles 110a
and 110b are referred 10 as “the transport velicles 1107}, and & control server (€5 112, The €8
112 communicates with the induction stations 106 and the transport vehicles 110 by way of a

communication network 114 or via separate communication petworks estatlished therebetween.

j0034] The storage facality 102 may store one or 1ore INVemiery LIS OF ONe O e
packages {inchuding the one or more inventory items) for falfillment and/or selling. Hereinafter,
the one or more inventory items or one or more packages have been referred 1o as the inventory
itemns or the packages. Examples of the storage facilite 102 may include, but ave not limited o, a
warshouse, a fulfilment center, or a retail store {e.g, a supermarket, an apparel store, o the like).
Examples of imventory items may inchude, but ave not Himited to, groceries, apparels, electronic
goods, mechanical goods, or the ke, The inventory ttems or packages may be stored m the
storage area 104, The storage area 104 may be of any shape, for example, a rectangular shape,
The storage area 104 may include one or niove inventory storage units {(ISU) such as frst through
third ISUs 116a-1 16¢ for storing the inventory items or packages. Hereinafter, the first through
third 1SUs 116a~116¢ are collectively referred to as “the ISUs 116°, Bach ISU 116 may have a
capacity fo store multiple invertory Hems or packages. The storage units may be one or more

bins that are vertically stacked or horizontally concatenated to each other.

[6035] The ISUs 116 may be arcanged such that first through fourth aisles 118a-1184
{heremafter, the first through fourth aisles 118a-118d are collectivaly referred to as ‘the aisles
1187 Y are formed therebetween. The first aisle 118a may be formed between the first and second
IStis 1168 and 116b. The second aisle 1186 may be formed between the second and third 1SLUs
116b and 116c. The third and fourth aisles 11 8¢ and 118d may be formed between side faces of
the ISUs 116 and sidewalls of the storage area 104, The aisles 118 are passageways used by
customers or the transport vehicles 110 to move in the storage ares 104, Arrangement of the
ISUs 11618 a standard praciice and will be apparent to those of skill in the art. In anon-lhmiting
gxample, it 18 assumed that the ISUs 116 are arranged such that g lavout of the aisles 118 forms a

virtpal grid in a rectangular space, Thus, each aisle 118143 one of a horizontal aisle or a vertical
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aisle. For example, the first aisle 118a is a vertical assle and the fourth aisle 118d 15 & horizontal

aisle. An mtersection between hortzontal and vertical aisles forms g cross-gisle.

[0036] The storage facility 102 may be marked with various fiducial matkets {such as
fiducial markers FM,, FMs, BM,, and RM, ) For the sake of simplicity, the storage area 104 has
been shown to include multiple idocial markers and only the fiducial markers FM,, FMa, RM,y,
and RM; have been labelled. It will be apparent 10 those of skill in the art that the entire storage
facility 102 may include the fiducial narkers without deviating from the scope of the disclasure.
Each fiducial marker may corvespond to one of two types - location markers {such as the fiducial
markers FM; and FM,) and ISU markers {such as the fiducial markers RM; and RM;). The
Iocation markers {such as the fiducial markers FM,; and FMy) are located at pre-determined
locations in the storage facility 102, The pre-determined locations sy not conform (o any
specific pattern and may be subject fo & configuration of the storage facility 102, For example,
the fidocyal markers FM, and FM; are located at first and second locations {for example, on the
foor of the storage ares 104} along the first and second aisles 1183 and 118b, respectively. The
ISU markers (such as the Hiducial markers RMy and RM:} may uniguely identify each ISU 118,
Examples of the fiducial markers include, but are not limited to, barcodes, quick response (QR}
codes, radio frequency identification device (RFID) tags, or the ke, In one embodiment, g
placement of the fducial markers may be uniform (Le, a distance between consecutive fiducial

markers is constant). In another embodiment, the placement of the fiducial markers may be non-

{0037 The first induction station 106a may be 3 material handling system for handling
and managing the packages at the storage facility 102, In an exemplary scenario, the packages
may be fed o the first mduction station 106a. The first induction station 1063 may determine,
using varions sensors, dimensions {e.g., @ length, a width, or a height) of each of the packages.
The packages may be fed to the first induction station 106a by one or more operators {e.g., the
first operator 10%a). Further, the first induction station 1063 may determine a weight of sach
package and identity package details of each package by way of various sensors. The first
indduction station 106a mayv further include various sub-systems for facilitating sortation of the
packages. In a non-Hmiting example, the first induction station 106a may inclade a first

conveying sub-system, a first dimensionmg sub-system, a first weighing sule-system, and a first

10
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package identification sub-system for facilitating the sorfation of the packages. Embodiments of
the first conveyving sub-system, the first dimenstoning sub-systeny, the first weighing sub-systeny,
and the fivst package identification sub-system are disclosed in detail in conjunction with FIGK,

2and 3

{0038 inan exemplary embodiment, the first induction station 1063 mav include a
plarality of feed convevors {for example, first and second conveyors) and one or more bufter
convevars {for example, a third convevor). The first induction station 1063 may be atihized for
conveying the packages from at least one of the first and second conveyors to the third conveyor,
The first, second, and third conveyors may constitute the first conveying sub-system. The
plarality of feed convevors, such as the first and second conveyors, may be parallel 1o each other,
in an exemplary embodiment, the first induction station 106a may further include & first set of
sensors {e.g., nltrasonic sensors, Haht array sensars, or the like) for measuring dimensions {such
as a length, a width, or a height) of each package. The first sel of sensors may constitute the first

dimensioning sub-systen.

{0039 b an exeraplary evobodunent, the first induction station 106a may further include
a second set of sensors for detecting whether each package is of 8 first package type ora second
package type, In an exemplary scenano, the second set of sensors may be a set of light array
sensors and may be mstalled 1n a gap between the first and second conveyors. The second set of
sensors mav be used o detect @ package type of each package (e.g., detect whether each package
is of the first package type or the second package type). For example, i a first package is of the
first package tvpe, the first package may be a small package. In another example, if 8 second
package is of the second package type, the second package may be a farge package. A smal
package may be a package that when placed on one of the first and second conveyors, does not
protrude laterally out of the corresponding convevor {e g, the first package is within boundaries
of the first or second comvevor on which the package 15 placed). A large package may bea
package that when placed on one of the first and second convevors, protrades laterally out of the
corresponding convevor {e.g., the second package occupies first and second portions of the first
and second conveyors, respectively). For example, a large package may be a package that st any

Hime instance occupies at least two conveyors,

11
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{0040} In an exemplary embodiment, the first induction station 106a may further include
a first set of weight sensors (e.g., Toad cells) for measuring a weight of each package. The first
set of weight sensors may constitute the first weighing sub-systens. In an exemiplary
potbodiment, the first induction station 1063 may further include a first set of image-capturing
sermors {e.g., cameras or photo-eye sensors) for scanning an identifier assoctated with each
package. The fust set of image-capturing sensors may constitute the first package identification
sub-systent. In an exemplary embodiment, the first induction station 106a may further include 2
first conwotler {shown in FIG. 2). The first controller may receive sensor data that is indicative of
the package type of each package from the second set of sensors. Further, the first controller may
receive, from the first weighing sub-system, sensor data indicative of & weight of each package
barne by one or more of the plurality of foed conveyors. The first wduction station 106a may
further nclude o first set of alignment sensors {e g, Hght array sensors) for measuring an

aligiument of each package with at least one of the first and second conveyors.

{0041} Rimilarly, the second indaction station 106h may include g second conveying sub-
system, a second dimensioning sub-systemy, a second weighing sub-system, and a second
package identification sub-system. It will be apparent to those of slall in the art that the second

induction station 106b may be functionally stilar to the first induction station 106z

{0042] The first or second operator 108a or 1080 may be an entity (such as a human
operator or 3 robot) that {s designated to perform various opervations in the storage facility 102,
For example, the first and second operators 108 and 108b may be associnted with the first and

second mduction stations 106 andd 106b, respectively. The first operator 108a may perform

various operations such as, but oot limited to, placing the packages on the first mduction station

1064, initiating one or mare cotrestive actions based on errars generated by the first induction
station 1064, or the like, It will be apparent to these of skill i the ant that the second operator
108h may also perform various operations similar to those performed by the first operator 108a.
The storage facility 102 1s shown to inclade two induction stations {e.g., the frst and second
induction stations 106a and 106h) and two operators {e.g., the first and second opeyators 108a
and 108b). It will be apparent to those of skill in the art that the storage facthty 102 may include

any number of induction stations or aperators without deviating from the scope of the disclosare.
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{0043 The transport vehicles 110 are, for example, robotic vehicles {e.g., automated
guided vehicles (AGVs)) that move in the storage facility 102 for picking, carrying, and
transporting each package from one location to another location. Each transport vehicle {such as
the first or second transport vehicle 110a or 110b) may tnclude one or more cartiages for

transporting each package. The transport vehicles 110 may be responsive to commands and

%3

mstructions received from the CS 112 The transport vehicles 110 may include suitable logic,
istructions, circutiry, interfaces, and/or code, executable by the civeuitry, for executing various
operations, such as wansporting pavioads {e.g., the packages) in the storage facility 102, For
exgmple, the first transport vehicle 110a may pick vp and transport the packages from the firsy
mduction station 106a to the storage avea 104 for fulfilment of prders, loading of the packages
into the ISUs 116, and/or the like. The transport vehicles 110 may be configured to read the
fiducial markers {e g, the Nducial markers FMy, FM;, BRM,, and RM:). Each of the transport

vehicles 110 may include varions sensors {(such as image sensors, RFID sensors, andfer the Tike)
for reading the fiducial markers, Each of the transport vehicles 110 may utithze the fiducial
markers for detenuining a relative position of g corresponding ransport vehicle within the

storage facility 102 and/or identifying the ISUs 116

[0044] in some embodiments, the C8 112 48 a network of computers, a software
framework, or a combmation therent, that may provide a generalized approach to creats the
server bmplementation, Examples of the CF 112 may inchude, but are not limited to, personal
computers, laptops, miini-computers, mainframe computers, any non-transient and tangible
machine that can exeonte a machine-readable code, clond-based servers, distributed server
networks, or a network of computer systems. The 5 112 may be vealized through various web-
based techuologies such as, but not limited to, a Java web-framework, a NET framework, a
personal home page (PHP) famework, ot any other web-application framework, The CS 112
may be matntained by a storage facility management authority or g third-party entity that
facilitates inventory management and bandling operations for the storage factlity 102, It will be
anderstoad by a person having ordinary skill in the ant that the C8 112 may execute other storage
facility management opergtions as well along with the inventory management operations.
Various componsats of the €8 112 and their functionalitics have besn descnbed later in

conpunction with FIG. 9.
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[0045] The C5 112 may include a memory {showa in FIG. 9% for storing & virtual map
and inventory storage data of the storage facility 102, The virtual nmap may be indicative of
locations of the induction stations 106, the 1SUs 116, entry and exit poinis of the storage facility
102, the fiducial markers in the storage facthity 102, or the like. The inventory storage data may
be indicative of associations between the packages stoved in the storage facility 102 and the 1SUs
116, The C8 112 may receive vanons service requests from an external communication server
for retrieval or placement of the packages in the storage facility 102, Based on the received
service requests, the CS 112 may dentify one or more induction stations (such as the induction
stations 106} for the sortation of the packages that are associated with the received service
requests. The €S 112 may inclnde multiple communication ports of various types such as, bt
not Hmited to, RE232 communication ports, RS4R3 conumumication ports, universal serial bus

{USB} ports, Eihernet ports, o the ke

{0046] The conmumcation network 114 iz & medivm through which content and
messages are tansmitied between the induction stations 106, the transport vehicles 110, and the
8 112. Examples of the communication network 114 imclade, but are not Limited to, a wireless
fidelity (Wi-Fy) network, a light fidehty (Li-Fy) network, a local area network {LAN), a wide area
network (WAN}, a metropolitan area network (MAN), a satellite network, the Internet, a fiber
optic network, a coaxial cable netwark, an mnfrared (IR} network, a radio frequency (RF)
network, and combinations thereof, Various entities in the environment 100 may comect to the
communication network 114 in accordance with various wired and wireless compunication
profocols, such as Transmission Control Protoco! and Internet Protocol {TCP/IPR), User Datagram
Protocel (UDF), Long Term Evolption {LTE)} conununication protocols, or any combination

thereof.

{0047} In operation, the O8 112 may recetve a first service request for placement of Brst
and second packages (shown m FIGE. 5A-5C) 1n the storage facility 102, Based on the received
first service request, the CS 112 mav communicate a first request 10 an indoction station (e.g., the
first mduction station 106a} for requesting the first operator 108a o place first and second
packages on the first induction station 106a. Based on the first request, the first operator 108a

may place the first and second packages on the first induction station 106a.
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{0048} The first operator 10& may place the fust and second packages on the first and
second convevors, respectively, of the first induction station 106g. The first controlier may
determune first and second weights of the first and second packages, respectively, based on
sensor data recetved from the first weighing sub-svsten. The first set of image-capturing sensors
may scan first and second identifiers of the first and second packages and decode first and
second wWentification codes associated with the first and second packages, respectively, based an
the first and second identifiers, The first controller may further determune & package type of each
of the first and second packages based on sensor data from the second set of sensors. Based on
the first and second weights and the package type of each of the first and second packages, the
first controller may issue move commands to the first and second convevors, respectively, for
conveving the st and second packages {o the third conveyor of the first induction station 106a.
As the first and second packages are being conveyed by the first and second conveyors, the first
controller may receive sensor data frean the first dimenstoning sub-system, allowing the first
controfler fo determing first and second dimensions of the first and second packages,

respectively, based on the sensor data.

[0049] The first dimensioning sub-system may communicate the sensor data to the first
controller when the first and second packages arve being conveyed on the first and second
conveyors to the third conveyor. For example, the first and second dimensions of the first and
second packages may be deternyined dynamically. The fisst dimensions of the first package may
mclode at least a first length, a first width, and a first height of the first package. The second
dirnensions of the second package may include at least a secoud length, a second width, and a
second height of the second package. The first controller may issue first, second, and third speed
control commands to the first, second, and third conveyors, respectively, for controlling a first
speed, a second speed, and a third speed of the first, second, and third conveyors. The first
comtrotler may issue the first, second, and third speed control commands based on the first and
second dimensions, the first and second weights, andior the package type of each of the {first and
second packages. The first controller may further issue the first, second, and third speed control
conunands based on g throughput requirement of the C8 112, estimated times of arvival for the
transport vehicles 110 1o reach a location of the Hrst induction station 106a, distances between

the frst mduction station 106a aad each of the wansport vehicles 110, speeds of the wansport
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vehicles 110, & required throughput of the fisst mduction station 106a, or the Hke, Ina non-
Limiting example, the first and second packages are of the frst package type (e.g., the first and

e

second packages are small packages},

{0050 In an exemnplary scenario, the first height of the first package, as indicated by
sensor data from the first set of sensors, may be high. In turn, the first controlier may determine
that a flest center of gravity (COG) of the first package is also high. Based on the detenmination
that the first COG of the first package is high, the first controller may issue first and third speed
control commands to the first convevor and the third convevor, respectively, for lowering the
first speed and the third speed, thereby preventing the first package from toppling when the first
package is conveyed on the first and third conveyors. The frst controtler may issue the first and
third speed contrel commands so that the first speed and the third speed are equal when the first
package moves from the first conveyor to the third conveyor, ensuring a smooth transition of the
firat package from the first conveyor to the third conveyor. Similarly, the first controller may
issue the second and third speed control commands so that the second speed and the third speed
are equal when the second package moves from the second conveyor (o the third conveyor,
ensuring a smooth transition of the second package from the second conveyor to the third

COBVEVOT.

[0051] The speed of the conveyors may be determined based on the charactenstics of a
package. For example, a pachage that is light and all {e.g., low weight and large height) is likely
to topple over if the conveyor is moving too fast. Furthermore, a package that is heavy and short
i height is untikely to fall off a convevaer, and thus, the conveyor may be operated at a higher

speed.

{0052} The first conirolier may communicate the first and second dimensions, the first
amd spcomd weights, the package types of the first and second packages, and the first and second
wdentitication codes to the CX 112 over the conumunication network 114, The CS 112 may
determine first and second package details of the first and second packages, respectively, based
on the first and second identification codes. Further, based on the first and second dimensions,
the package type of each of the first and second packages, sndior the first and second package

details, the €S 112 may select, from the transport vehicles 110, one or more teansport vebicles
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for transporting the first and second packages to first and second locations associated with the
first and second packages, respectively, The €S 112 may communicate one ar more connnands
and instructions 1o the selecied one or more iransport vehicles for wansporting the first and
second packages from the third conveyor to the first and second locations, The one or mere
commands and instructions may inclade navigation commands and instructions for the selected
transport vehicles to reach the location of the first induction station 106a from a current location
of each of the selected one or more transport velsicles, The selected one or more fransport
vehicles may reach the third convevor, recetve the first and second packages from the third
conveyor, and transport the first and second packages to the first and second focations. In a non-
Limiting example, each selected transport vehicle may include one or more conveyors for
receiving each packags from the third conveyor selectively. For example, the TS 112 may select
the first and second transport vehicles 110a and 1100 for transporting the first and second
packages, respectively. In such a scenario, the first transport vehicle 110& may receive only the
first package from the third convevor and the second transport vehicle 110b may receive only the
secomd package from the thivd conveyor. In one embodiment, when the first and second transport
vehicles 110a and 110b include multiple conveyors for receiving packages, one or more
conveyors on each of the first and second transport vehicles 1102 and 110b mav be allocated to

receive the respective first and second packages.

{0053 In another embodiment, the C8 112 may recetve, from the external server, &
second service request for placernent of a third package {shown in FIGS. 8A-8C} in the storage
facibity 102, Based on the received second service request, the CS 112 may conmunicase a
second request to an induction station (e.g., the first induction station 106a) for requesting the
first operator 108a to place the third package on the first induction station 106a. Based on the
secomd request, the first operator 108a may place the third package on the first induction station

106g.

[0054] The second set of sensors may detect that the third package is of the second
package type. The second set of sensors may communicate, to the first controller, sensor data
indicative of the detection of the third package. Based on the sensor data from the second set of
sensors, the fivst controller may determine that the third package i3 of the second package type.

in the current embodiment, the third package occupies the first and second portions of the first
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and second conveyors. The first set of image~capturing sensors may scan a third identifier of the
third package and decode a third dentification code associated with the third package, based on
the third identifier, The first set of image-capturing sensors may communicate the third
identification code to the first controller. Further, the first controller may determine a third
weight of the third package based on sensor datg from the frst weighing sub-systens, when the
third package is placed on the first and second conveyors. The first controlier may further
determine a weight distribution of the third wetght on the first snd second convevors hased on

the sensor data recetved from the first weighing sub-system.

{0055} Based on the third weight and the weight distribution of the third weight and the
package type of the third package, the first controler may issve move commands (o the first and
second conveyars, respectively, for conveymng the third package to the thivd conveyor. Based on
the move commands, the first and second conveyors may move synchronousty 1o avoid &
displacement of the third package from a relative position of the third package on the first and
second conveyors. For example, the first and second conveyors may move at the same speed for
avoiding the displacement of the third package from the relative position of the third package. As
the third package is being conveyed by the first and second conveyors, the first controtier may
receive sensor data from the first dimensioning sub-system, allowing the first controller to

determine third dimensions of the third package based on the sensor data. The third dimensions

of the third package may include at least g third length, a third width, and a thivd width of the
third package. The first controller may issue first, second, and third speed control copmands to
the first, second, and third conveyors, réspectively, for controlling the fivst speed, the second
speed, and the third speed. The first, second, and third speed contrel commands may be issued
based on the third dimensions, the third weight, and the package type of the third package. The
first controller may connunicate the third dimensions, the package type of the third package,
and the third identification code to the €5 112 over the communication network 114, The CS
112 may determine third package details of the third package based on the third identification
code. Based on the third dimensious, the package type of the third package, and/or the third
package details, the €S 112 may select, from the ttansport vehicles 11, one or more transport
vehicles for transporting the thisd package to a third location that corresponds to the third

package. The one or more transport vehickes mayv be further selected based on a distance between
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the induction station 106a and current locations of each of the one oy more transport vehicles.
The selected one or more transpont vehicles may reach the third conveyor, receive the third

package from the third convevor, and transport the third package to the third location.

[0056] in another embodunent, the first operator 1083 may place the first, second, and
third packages on the first mduction station 106a, for sortation, even when no service requests
{e.g., the first and second service requests) are received by the US 112 from the external server,
i another embodiment, the first induction station 1063 niay not include the Hrst controlier and
operations performed by the first controller may be performed by the CS 112, Various operations
of the induction stations 106, the transport vehicles 110, and the TS 112 have been further

deseribed in conjunction with FIGS. 2, 3, 3A-5C, and BA-8C.

{0057 FIG. 2 is a block diagram 200 that iHlustrates an architecture of the fisst
dimensioning sub-systern of the first induction station 1002, in accordance with an embodiment
of the present disclosure. The block diagranm 200 includes first and second ultrasonic seasors
202a and 202h (hereinafier, the first and second ultrasonic sensors 2023 and 202b are referred 1o
as ‘the frst set of nlirasonie sensors 2027), g hirst hight array omitter 2044 and a first hght array
recetver 204 (hereinafter a first set of light array sensors 204), the first controller 206, and a
first display 208, The block diggram 200 Rether mcludes a first power supply module 210 and a
second power supply modale 212, The first power supply modude 210 may be a nm power
supply and the second power supplv module 212 may be a lew voltage power supply {(such as s
battery) for powering seusors {e.g., the first set of ultrasonic sensors 202). In a pon-limiting
example, the first power supply moduele 210 provides a 120 Volt (V) altersating current (AC)
power supply and that the second power supply module 212 provides a 24V direct current (DC)
power supply. The first induction station 106 may furthey include & first power adapter 214, st
and second RS232 communication ports 216a and 216b of the first controller 208, and a first

R8485 communication port 218 of the first controller 206.

j00S8] The first set of ultrasonic sensors 202 may include the first and second ultrasonic
sensors 202g and 2025 used for measurement of a height of each package conveved by the first
and second conveyors, vespectively. For example, the first and second ultrasonic sensors 202a

ard 202b are configured to collect sensor data for dynamically measuring the height each
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package conveyed by the Hrst and second conveyors, respectively. To measwre a height of 8
target (e.g., the first package), the first ulirasonic sensor 202 may emit an ultrasonic wave
towards the first package and may recerve the ultrasonic wave when the ultrasonic wave is
reflected by the first package. The first ultrasonic sensor 2026 may determine a time duration tha
has elapsed between the emission and the reception of the ulirasonic wave. The time duration
may be inversely proportional to a height of the first package. Based on the elapsed time duration
and # veloctty of the ulirasonic wave, the first ultrasonic sensor 202a may messure the height of
the first package. The first package may be in motion, on the fust convevor, when the first
whirasonic sensor 202a measures the heght of the first package. So, the first ultrasonic sensor
202a may collect multiple readings of the height of the first package. The height of the first
package, as measured by the first olirasonic sensor 2024, mav vary based on a distance of the
fieat package from the first plirasonic sensor 202a. So, the fivst ultrasonic sensor 202a may
measure the height of the first package multple times. In such a scenanio, the height of the first
package, as measured by the Arst ultrasornic sensor 2024, way be maxinmum when a distance
between the first ultrasontc sensor 202a and the first package s mindnnam. The maximuom height
of the first package, as measured by the first ultrasonic sensor 2024, may correspond to the frst

height of the first package.

91 The first and second ultrasonic sensors 2022 and 202b may be installed at first and

o

i
second pre~determuned heights above the first and second conveyors, respeciively, In g non-
Limiting example, the first and second pre~determined heights are equal. In an exemplary
scenario, the first set of ultrasonic sensors 202 may be mstalled on a fivst canopy or a first panel
{as shown in FIG. 4) of the first induction station 106a that covers the first and second
conveyors, It will be apparent 1o those of skill in the art that other sensors, such as radar level
transmitters or light arvay sensors, may be used for determining a height of each package, in Hen

of the first set of ultrasonic sensors 202, without deviating from the scope of the disclosure.

[0060] The first set of light array sensers 204 may be used to measure a length and a
widih of each package conveyed by the first and second conveyors. For example, the first set of
light array sensors 204 may be configured o collect sensor data for dynamically measoring the
length and width of package conveved by the first and second conveyors. A set of light array
sensors {e.q., the first set of light array sensors 204) may melude an emittes component (e, the
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first Hight arvay enntter 204a) for emitiing lght rays (e g, infrared Bght rays) and a receiver
component {2.g., the first ight array receiver 204} o receive the emitted light rays. Any abject
{e.g., the first package) passing n between the emitter and receiver components may ohstruct
one or more of the emitted light ravs. The first length and width of the first package sy be
determined hased on a number of Hght rays, of the first set of light array sensors 204, obstrocied
by the first package, when the first package moves across the first set of light mrvay sensors 204,
The first set of Hght array sensors 204 may communicate, to the frst controller 206, sensor datg
indicative of the one or more hight rays, obstructed by the first package. In the present

&1} in a frst gap between the plurality of feed conveyors (such as the fivst and second
conveyers ) and the cne or more buffer conveyors {such as the third conveyor). In one
embodiment, the frst light array receiver 204b may be installed diametrically opposite the first
light array emitter 2044, at a third pre-determined beight above the first and second conveyors,
on the st panel or the first canopy. In 2 non-linuiting example, the first, second, and third pre-
determined heights are squal. In another embodiment, positions of the first ight array receiver

204b and the first light array emitter 204a may be swapped.

{0061} The first set of ulirasonic sensors 202 and the first set of Hight array sensors 204
may communicate the sensor data to the first controler 206 using various commumication
interfaces, for example, RS232 compunication ports, R5485 communication ports, Ethernet
conmunication ports, and USB communication ports. As shown m FIG. 2, the first and second
ultrasonic sensors 202a and 202b may commumicate with the first controller 200 by way of the
first and second R8232 communication poris 216a and 216b, respectively, The first set of light
array sensors 104 may communicate the sensor data to the first controller 206, by way of the first
R8485 commmucation port 218 of the Hrst controller 206. The first set of nltrasonic sensors 202
and the first set of light array sensors 204 may draw power from the second power supply
module 212, The fivst set of ultrasomic sensors 202 and the fivst set of light array sensors 204

constitute the first dimensioning sub-system,

{0062} The first controlier 206 may be g controller (e.g., a programmable logic controller,
an industrial computer, or the fike} of the first indoction station 106a. In & nop-limiting example,

it is assumed that the first controller 206 is an industrial computer. The first controller 206 may
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recetve sensor data from the first set of vltrazonic sensors 202 and the first set of light array
sensors 204, The first controfler 206 may detenmune dirnensions {e.g., the first length, width, and
height) of packages {e.g., the first package} based on the sensor data received from the first set of
ultrasonic sensors 202 and the first set of light arvay sensors 204. For example, the first controller
206 may determine the frst height of the first package, based on the sensor data from the first
ultrasonic sensor 202a. In other words, the first conwroller 206 may dynanically determine the
first height of the first package, based on the sensor data collected by the Hrst ultrasonic sensor
202a {e.g., the sensor data obtamed from the fivss set of ultrasonic sensors 202} The first
controller 206 may determine the first Tength and the fivst width of the fivst package based on the

sensor data received from the first set of light array sensors 204

{063 The sensor data received {e.g., obtamed) from the first set of Light atray sensors
204 may be indicative of the number of light rays, of the first set of light array sensors 204,
obstructed by the first package when the first package maoves across the fivst set of Bght array
sensors 204, a time duration for which each light ray s obstructed, or the like. The first controller
206 may dynamvically determine the first lengih and width based on the number of light rays
ahstracted by the first package and the time duration for which each light ray is obstructed,
respectively. Forexample, the first controller 206 may determine the first length and width of the
first package based on the sensor data collected by the first set of lght array sensors 204, The
first controller 206 may forther determine a first refative position of the first package on the first
conveyor based on the sensor data received frony the first set of light array sensors 204, In some
scenarios, the first height of the first package, as determined by the first controller 206, may not
be equal to an actual height of the first package. For example, the first height of the first package,
as determined by the fisst controller 2006, may be less than the actoal height of the first package if
the first relative position of the first package on the first conveyor is not correctly aligned. Such a
scenario may occur if the first relative position of the first package 1s not centrally aligned with
respect 1o the first alivasonic sensor 202a. Based on the fist velative position of the first package,
the first controtler 206 may determine a first correction factor for measuring the actual haight of

the first package.

10064] Based on the first correction factor and the maxinnuy height of the furst package,

the first coniroller 206 may deternyine the actual height of the first package. In a non-limiting
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example, based on the sensor data received from the first set of light array sensors 204, the firgt
controller 206 may generate a first pomt cloud array In cartestan co-ordinste frame such that the
first point clowd array represents a fivst boundary of the first package. The Hrst controller 206
may use one or more algarithms {e.g., a convex hull algorithm} to remove one or more
concavities from the first point cloud array, genersting a second point cloud armay with clear
boundary points. Based on the second point cloud amray, the first controller 206 may determineg a
first mininum bounding rectangle that encormnpasses the second point clond arvav. A length and
widih of the first mintum bounding rectangle constitute the first length and width of the fiest
package, respectively. Therefore, the fivst controller 206 may measure the first length and width
by way of the first muntmom bounding rectangle. Based on the first dimensions {e.g., the first
length, width, and hetght) of the first package, the first controller 206 may determing a first
volume of the first controller 206, I will be apparent to those of skill in the art that the Hest
controller 206 may measure dimensions of other packages {e.g., the second and third packages)

in a manner similar to the measurement of the first dimensions of the first package.

[0065) The {orst controller 206 may receive the sensor data from the {rst set of wltrasonic
sensors 202 and the first set of light array sensors 204 by way of various compumication
methods or protocols such as, but not limited to, Modbus, Process field bus (PROFIRUS), or
process field network (PROFINET). The first controlier 206 may be of various types such as, but
not limited to, & proportional controtler, a derivative comroller, an integral controller, g

proportional derivative controller, a proportional integral derivative conwroller, or the hike

{0066 In a non-limiting example, the fivst consroller 206 and the first display 208 of the
first controller 206 may be integeated in g frst honsing. The first controlier 206 may render a
first user ivterface (Ul) on the first display 208, The first Ul may allow the first operator 1083 to
inferact with the frst induction station 1064 The first U may present one or more instructions to
the first operator 108a, based on requests {e.y., the Hrst request) received by the first controller
206 from the OS5 112, For example, the first Ul may present ene or more instructions to the first
operator 108a, requesting the fivst operator 108a to place the first and second packages on the
first induction station 1064, based on the first request from the € 112, The first Ul may further
present, package information (e.g., the first diwensions, the first package details, the fivst weight,

or the like} of packages {e.g., the first package) conveyed by the fust induction station 106a. The
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first Ul may Rurther present one of more error messages, requesting the first operator 108a o
take corrective action, based on one or more errors in the conveying of the packages {e.g., the
first and second packages). For example, the first Ul presents vne or more errors or conumands
pertinent to the conveying of the packages. The first conroller 206 and the first display 208 may

draw power from the Hrst power supply module 210 by way of the first power adapter 214

{0067 FIG. 3 15 a block diagram 300 that illustrates an architecture of the first induction
station 1064, in accordance with an embodiment of the present disclosure. The first induction
station 106a may include first through third motors 302a-302¢ (hereinafier, the fust through third
motors 302a-302¢ are collectively referred to as “the motors 3027y of the first through third
conveyors. The first induction station 106a may further include first through third variable

frequency drives {VFDs) 304a-304¢ (hereinafter, the first through third VFDs 304a-304¢c are

station 106a may further include the first set of image-capturing sensors (hereinafter, the first set
of image-capturing sensors is referred o as “the first set of image-capturing sensors 3067). The
first induction station 106a may further include a first set of weight sensors 308, a second light
array emitter 3103, and a second light array receiver 310b (herenafier, the second hight array
emitter 310z and the second light armay recetver 310b are collectively referred to as the *second
set of light array sensors 31}, The first induction station H6a may further include a third light
array emitter 312a and a third Hght array receiver 312b (hereinafter, the third Hght array emitter
312a and the third Byht array receiver 312b are collectively referved to as the “third set of light
array sensars 3127), The frst induction station 106a may further include a fivst visugl indicator
314, a first push-bution 316, a second stop push-button 318, and a first general-purpose input-
putput {GPIQ) vard 320, The firgt mduction station 106a alse mcludes the first set of ultrasenic
sensors 202, the first set of fight array sensors 204, the first power sepply modaole 210, the

second power supply modale 212, and the first power adapter 214,

[0068] The first through third motors 302a-302¢ may be used 10 operate the first through
third conveyors, reapectively. Hach of the motors 302 may be of various types such as, but not
limited to, synchronous motors, induction motors, brushless divect current (DC) motors, brushed
DC motors, or the lke. The first induction station 106a may tnclude one or more motor drivers 1o

control the motors 302, In the current embodiment, the first induction station 106a includes the
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VDS 304 1o control and manage & rotational speed of each of the motors 302 that, in turm, may
control and manage the first speed, the second speed, and the thixrd speed of the first through
third conveyors, respectively. The first through third VFDs 304a-304¢ may be further used to
control a first torgque, a second torgue, and a third torgue of the first through third metors 302s-
302¢, respectively. To control the fivst speed, the second speed, and the third speed, the first
controller 206 may communicate a command {e.z., 3 move command}, indicative of an intended
speed of a conveyor (e.g., the first conveyor}, 10 a corresponding VFD {e g, the first VFD 304a).
In the current embodiment, i is assumed that the first controller 206 communicates with the
VFDs 304 using a serisl communication pratacol, by way of a set of RS485 communication
ports of the first controlier 208, The set of RS485 communication poris may include second
threugh fourth R3485 conununication ports 322-326 for commmunication with the frst through
third VEDs 304a-304¢, respectively: The first VED 304a may, based on the mtended speed, vary
an put frequency and input voltage of the first motor 3024 to control the first speed of the first
conveyor. Functioning of the VFDs 304 and the motors 302 will be known to those of skill in the
art. In the cwvent embodiment, the VFDs 304 may draw power from the first power supply
wodule 210, In one embodiment, the first throngh third motors 302a-302¢ may be configured to
control a direction of movement of the first through thivd convevors, respectively, thereby
allowing packages to be conveved from the first and second conveyers to the third conveyor and

from the third copveyor to the first and second convevors.

{6069} The first set of image-capturing seasors 306 may include one or move tmage-
capruring sensors such as, but net imited to, canteras or photo-eye sensors. The first set of
image-capturing sensors 306 may constitute the first package identification sub-gystem, In a non-
Himiting example, the first sot of pnage-Capturing sensors 300 may mclude a frst camera for
scanning an ideniifier of sach package (e.g., the fivst through third packages) placed on the first
conveyoer and/or the second conveyor, The first set of image-capturing sensors 306 may
comsequently decode cach scanned identifier to detenmine an identification code associated with
each package. Each package miay be associated with a unigue identification code. Each identifier
may be one of a barcode, 2 QR code, or the Hike. The fivst set of image-capturing sensors 306
may conupunicate, to the frst controller 206, sensor data that is mdicative of the identification
code asseciated with each package. In a non-limiting example, the first set of inage-capturing

=
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sensors 36 may communicate with the first controller 206, by way ot a tirst USB port 328 of the
first controller 206. In other words, the first controller 206 may recetve the sensor data from the
firat set of image-capturing sensors 306, The identification code associated with each package
may be indicative of package details of a carresponding package. The package details of the
corresponding package may be stored in the memory of the U8 112, The package details of a
package may be indicative of the mventory itemns stored i the package, a product categasy
associgted with each inventory item, a location corresponding to the package, or the like, The
first set of image-capturing sensors 306 may draw power from the first power supply module

210.

{0070} The first set of weight sensors 308 may wmclode one or more load cells (shown m
FIG. 6A and 68) and one or more weighing controlters. Each load cell may be {nstalled within
each of the plurality of feed convevors (such as the first and second conveyors). Each load cell
generates a signal (e, a oullivolt oV} signal) based on a load {e.g., the first through third
packages) placed on » corresponding convevor, The signal penerated by each load vell may be
provided as input o a corresponding weighing controller. Each weighing controller may measure
a weight of the load placed on the comesponding conveyor based on the signal from the
corresponding load cell, In g non-Himiting example, the first set of weight sensors 308 may
include first and second load cells {as shown in FIGS. 6A and 6B) and first and second weighing
controflers assoctated with the fist and second load cells, respectively. The Hrst and second load
cells may be installed within the first and second conveyors, respectively. The first and second
load cells may generate first and second signals when packages are placed on the first and second
conveyors, The first and second signals are provided as input to the first and second weighing
controllers, respectively. The first and second weighing controllers may collect sensor data
indicative of the weight borme by each of the first and second conveyors. The first and second
weighing controllers may conununicate, ysing serial conurunication, the sensor data to the first
controller 200 over g third RS232 communication port 330 of the first controller 206, The fist
controller 206 may determine the weight of each of the packages, based on the sensor data
collected by the first and secoud weighing controllers. The first set of weight sensors 308 may be
triggered when packages (e.g., the first, second, and third packages} are placed on the first

conveyer andfor the second conveyor, When iriggered, the first set of weight sensors 308 may
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communicate, to the first controller 206, the sensor data indicative of the weight of each package
of the packages (e.g., a weight or @ load borne by cach of the frst and second conveyors). The
first controtler 206 may issue move conumands to the Hrst through third VEIDs 304a-304¢ based
on the weight bore by each of the first and second conveyors. The first through third VFDs
304a-304¢ may operate the fiest through third conveyors based on the move commands issued by
the first confroller 206, For example, if a weight borne by the first conveyor is high, the first
motor 32a may be operated at a high torque. Further, the first speed, the second speed, and the
third speed of the first through thurd convevors may be controlled by the first controller 206,

based on the weight borne by each convevor of the first through third convevors,

{0071} The second seb of light array sensors 3190 may inclode one or more Hghs armay
sensors for detecting the package type of each package placed on ot least one of the st and
second conveyors, The second set of light array sensors 310 may detect whether a package is of
the first package type or the second package type. The second seb of light array sensors 310 may
be wistalled in 3 second gap between the first and second conveyors, In g non-limiting example,
the second light arsay emitter 310a may be installed in the second gap while the second hight
array receiver 310b may be installed at a fourth pre-determined hetghe above the first and second
convevors and may be dismetrically opposite to the fight array emitter 310a. In another
embodiment, positions of the second Hght array receiver 310b and the second light array emitter
310a may be swapped. In 2 non-limiting example, the fowrth pre-determined height and the
second pre-determined height may be equal. A package may be detected as belonging to the Hrst
package type when the package does not obstruct any light rays emitted by the second light array
emijter 310a. A package may be detected as belonging to the second package type when one or
more Haht rays emitted by the second light arvay enutter 310a are obstructed by the package

when the package s placed on the fivst and second conveyors,

{0072 Based on the obstruction of the one or more light rays, the second set of light
array sensors 310 may communicate, 1o the first controfler 206, sensor dats indicating whether
the package placed on at least one of the frst and second conveyors is of the first package tvpe
or second package type. In a non-limuting example, the second set of light areay sensors 310 may
communicate the sensor data, indicative of the package tvpe of each package placed on at least

one of the first and second convevors, to the first GPIO card 320 as a first digital input (D)
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sigral. The first D signal may be a voltage signal. The voltage signal may be present in one of
two states such gs a high or low voltage state {e.g., 5V and "0V” in analog fermat or "1 and *Q7
in digital format), Ta an exemplary scenario, a value of the first DI signal may be equal o ¢
when a package of the first package tvpe is placed on one of the first sad second conveyors (a.g.,
package). The value of the first DI signal may be equal to *1" when a package of the second
package type is placed on the first and second convevors. The vahue of the first DI signal {e.g,
the sensor data of the second set of ight arvay sensors 3103 may be communicated to the first
controller 206 by the first GPIO card 320 by way of a fourth RS232 comnmanication port 332 of
the first coniroller 206, The first induction station 106a, by virtug of the first and second
conveyers, may be capabile of conveymg, sinmltaneonsly, twe packages of the first package type
or a single package of the second package type at a given thne instance. The second set of ght

array sensors 310 may draw power from the second power supply module 212,

{0073 The third set of light array sensors 312 may include one or more light array
sersors for detecting a presence of an operator {e.g., the first opevator 108a) within a first range
of the first induction station 1064 or the first and second conveyors of the first induction station
106g. The third set of Lght array sensors 312 may be installed along an edge of the first and
second conveyors (as shown in FIGS. 4, 6A, and 68). In the current embodiment, the third lighs
array emitter 312a may be installed at the same level as the first and second conveyors and the
third hight array recerver 312b may be mstalled diamettically opposite to the third hight array
emitter 312a, at a fitth pre-determined height from the first and second conveyors. In another
embodiment, positions of the third light arvay enutter 312a and the thurd bight array recetver 312b
mav be swapped. In 3 non-limiting example, the first pre-determined heaght and the fifth pre-
determined height may be equal. The third set of Light array sensors 312 pray draw power from

the second power supply module 212,

[0074] The third set of Nght srvay sensors 312 may be installed for cusuring g safety of
the first operator 108, For example, when the first operator 108a atierapts to place packages
{2.g., the first and second packages) on the first and second conveyors, the third set of light array
sensors 312 may detect the presence of the first operator 108a in the first range when a body part

{e.g., a hand) of the first operator 108a obstructs one or move Hyht rays emitted by the third light
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aryay emitter 312a. The thud set of bight arvay sensors 312 may connmunicate as a second DY
signal to the first GPIO card 320, sensor data indicative of the presence of the first operatar 108a.
In an exemplary scenario, a value of the second D signal may be squal tv °0" when the presence
of the first operator 108a is not detected {e.g., when none of the one or more light rays envitted by
the third light array emitter 3124 are obstructed). The value of the second DI signal may be equal
to ‘1" when the presence of the first operator 1{(8a is detected {e.g., when the one or more light
ravs emitted by the third light arcay emitter 3122 are obstructed by the first operator 108s). The
second DI signal may be communicated to the first GPIO card 320 by the third set of light array
sensors 312 by way of the fourth RS232 communication port of the first cantroller 206, When
the presence of the first operator 10&a is detected, the first coniroller 206 may communicate one
or tmore conunands 1o the first and second VFDs 304a and 3040 for immobilizing the frst and

second conveyors.,

{0075] The first visual indicator 314 may be a visual indicator that is configwed to
display one or more visual sipnals to one or more operators {e.g., the first pperater 108a) based
on a current operational state of the first induction stativn 106a. The first visual indicator 314
may receive a first digntal outpat (DO) signal from the first controller 206 by way of the first
GPIO card 320. The first DO signal may be generated, by the first controller 206, hased on the
current operational state of the first mduction station 106a. The first DO signal may be a voltage
signal. In g non-Hmiting example, » value of the first DO signal may be egual to 07 or ° 1
dependmg on whether the first induction station 106a 15 operating without any errors. Inan
exemplary scenarto, the first visual indicator 314 may display a first visus! signal when the value
of the first DO signal s equal to 0 and a second visual signal when the value of the first DO

signal 1s exual 17, respectively,

{0075 The first and second push-buestons 316 and 318 are, for example, stop and
emergency stop push-buttons, respectively, that may allow the first operator 108a to manually
halt the operation of the first induction station 106a. Far example, the first operator 1082 may use
one of the first and second push-butions 316 and 318 to halt the first, second, and third
conveyors. Sensor data from the first and second push-buttons may constitute third and fourth Dl
signals, The first and second push buttons 316 and 318 may be connected to the first GPIO card

320, The third or fowth DI signal niay be a voltage signal. The voltage signal may be present in
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at least one of two states such as a high or low voltage state. In a non-limiting example, the high
and Iow voltage states roay be represented by "5V and "0V, respectively, in anslog format. In
cdigital format, the high and low voltage states may be represented by "1 and O, respectively. In
an exemplary scenano, default vatues (e.g., when the first and second push-buttons 316 and 318
are not pushed) for the third and fourth DI signals may be ‘07, Values of the third and fourth DI
signals may be egual to 17 when the first operator 108a presses the first and second push-
buttons, respectively. The third and fourth DI signals may be received by the first controfler 206
by way of the fourth RS232 comuomnication port 332, 1f the value of the third DI signal or the

fourth DI signal 1s equal to “1°, the first controller 206 may halt the first through thivd conveyors,

{0077 The first GPIO card 320 15 an tnput module that may configured to receive
various types of signals such as, but not Hmited to, D signals, DO sipnals, analog mput (AD)

stgnals, and analog ontput (AQ) sigrals. The first GPIO card 320 may receive, by way of the
fourth RR232 commumication port 332, the DO and AD signals from the first controller 206, The
first GPIO card 320 may communicate the DO and AQ signals to corresponding components
{e.g., the first visuad indicator 314). The fiest GPYQ card 320 may further receive the D and Al
signals from sensors (2.¢., the second set of light array sensors 3103 The first GPIO card 320
may fransmit the DI and AT signals to the first controlfer 200, by way of the fourth R8232
communication port 332, Methods of interfacing sensors {e.g., the third set of Hght artay sensors
312y 1o the first GPIO card 320 are known to those of skill in the art. 1t will be apparent to those
of skill m the art that the first induction station 1063 may use separate 1, DO, Al and AO cards

m Hew of the first GPIO card 320,

[0078] FIG, 4 15 g diagrany that tlustrates g three-dimensional (313} representation of the
first mduction station 106a, in accordance with an embodiment of the disclosure. As shown in
FIG, 4, the frst induction siation 106a includes the plorality of feed convevors such as the first
conveyer 402a and the second conveyor 4025 that are parallel to each other. The first induction
station 106a further includes the ong or more buffer conveyors such as the third conveyor 402¢,
The first induction station 106a further includes the first canopy 404, The first canopy 404 s at
the first pre-determined height (e, the second, the third, the fourth, or the fifth pre-determined
heighi}. The first set of ultrasonic sensors 202 and the first set of image-capturing sensors 306
may be installed on a bottom side of the first canopy 404, 1n FIG. 4, there is further the first Hght
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artay emitter 204a, the second Hght amray emitter 3108, and the third light array enitter 3124, the
first visual indicator 314, the first display 208 and the first iwansport vehicle 110a. The second
light array receiver 310b and the thisd bght arvay receiver 312b may be installed at the bottom
side of the first canopy 404, diametnically opposite to the second fight array emitter 310a and the

third hght array emmtier 312a, respectively.

{0079} FIGS, 5A-50 are diagrams that collectively Hlustrate an exemplary process flow
500 for conveying the first and second packages, in accordance with an emabodiment of the
present disclosure. The exemplary process flow 300 involves the Hrst transport vehicle 110, the
CS 112, the first set of ultrasonic sensors 202, the first set of light array sensors 204, the firsy
controfler 206, the first display 208, the fivst display 208, the VFDs 304, the first set of image-
capturing sensors 306, the first set of weight sensors 308, the second set of light array sensors

310, and the third set of light arvay sensors 312,

{0080} The C8 112 may receive, From ai external server or an entity, the first service
request tor placing the first and second packages in the storage facility 102. Based on the 8rst
service request, the CS 112 may dentify an induction station {e.g., the fisst induction station
Higay for performing an operation {e.g., sorfation of the first and second packages for placing
the storage facility 102} corresponding to the first service request. The first mduction station
106a may be identified based on various factors such as, but not limited to, a proximity of the
first and second packages to the first induction statien 1063, 8 number of induction stations
available for handling the first service request, or the like. In g von-limiting example, the CS 112
identifies the first induction station 106a for handling the fisst service reguest. Based on the first
service request, the €S 112 may coramuiicate the first request to the first controller 206 (as
shown by arrow 502). Based on the first request, the first controfler 206 may render the fivst U
on the first display 208 (as shown by grrow 304). The frst Ul may present, so the first operator
108a, a first message mstructing the first operator 108a 1o place the packages such as the first and
second packages on the first induction station 1062 {as shown by arrow 506}, In a non-hmiting
example, the first operator 108a may place the first and second packages on the first and second
conveyors 402a and 402b, respectively. The first operator 108a may place the first and second
packages on the first and second conveyors 402a and 402b, either simultanecusly or one after the

other. When the first operator 108a places the first and second packages on the first and second
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conveyors 402a and 402h, one or more light ravs emitied by the third light arvay enitter 312a
may be obstrugted by one or more body parts {e.g., hands) of the first operator 108z, Based on
the obstruction of the one or more light rays, the third set of Hght arvay sensors 312 may
conumunicate a first trigger signal {g.g., the second D1 signal having & value equal 10 "1 ) to the
first controller 208, indicating that the first operator 108a is in close proximity to the first and
second conveyors 402a and 402b (33 shown by arrow 508}, To ensure the safety of the first
operator 1084, the first controller 206 may communicate first and second stop comimands to the
first and second VFDs 304a and 304b, based on the second D signal. Based on the first and
second stop commands, the first and second VFDs 304a and 304b may stop the first and second

motors 302a and 302b, tmmobilizing the first and second conveyors 402a and 402b.

{0081} When the first operator 108a places the first and xecond packages on the first and

and second weight controllers) may communicate a second trigger signal w the fisst controller
206 {as shown by arrow 510}, The second trigger signal may nclude sensor data of the first set
of weight sensors 308 thai may be ndicative of a toad on each of the first and second conveyors
402a and 402b. In other words, the sensor data from the first set of weight seasors 308 may be
mdicative of the first and second weights of the first and second packages, respectively, After
placing the first and second packages on the first and second conveyors 402a and 402b, the first
operator 108s may move away from the first induction station 106g. Consequently, the one or
more hight rays emitted by the third hght arsay emitter 3123 may not obstructed. As a resuls, the
vatue of the second DI signal may be equal o "7, The first contraller 206 may recelve a third
trigger signal (2.g., the second DI signal having the value equal to '07) from the third set of light
array sensors 312, indicating that the hght rays emitted by the third light array cmmister 3122 are
not obstructed (as shown by arrow $12). Based vn the third trigger signal from the thind set of
light array sensors 312, the first controller 206 may deternuine that it 15 safe to operate the first

and second convevors 402a and 402,

{0082} The first controlier 206 may communicate a second request to the first set of
image-captaring seasors 306, requesting the first set of image-capturing sensors 306 10 scan
dentifiers {e.g., the first and second 1dentifiers) of the fivst and second packages {as shown by

arrow 514} Based on the second request, the first set of image-capturing sensors 306 may scan
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the first and second dentifiers and commmmicate sensor data, Indicative of the first and second
identification codes of the first and second packages, to the first comtroller 206 {as shown by
arvow S16). The first and second packages are of the first package type (i e., the first and second
packages are small packages). When placed correctly, neither the first package, nor the second
package, may obstruct the Hylt ravs emiitted by the second light array emitter 310a. Therefore,
the first controller 206 may recetve sensor data {e.g.. the first D signal having a value equal to
07} from the second set of Hght array sensors 318, indicating an absence of a large package (e.g.,
a package of the second package tvpe} on the fivst and second conveyors 4022 and 402b (as
shown by arrow 518). Based on the first and second 1dentification codes and the sensor data from
the second set of light array sensors 310, the first controller 206 may determine that two
packages (such as the first and second packages) of the fivst package type are placed on the first
and second conveyors 4024 and 402h. Based on the deternunation, the first controlier 206 may
comupunicate first and sscond move commands to the first and second VFDs 304a and 304b,
respectively {as shown by arrows 520 and 5223 The first and second move commands may be
mdicative of a first speed and a second speed 0 be maintained by the first and second convevors
4024 and 402b, respectively. The first controller 206 way determine the first speed and the
second speed based on at least the first and second weights of the first and second packages. In
other words, the first speed and the second speed may be determined based on at least the first
weight and the second weight borne by the first and second convevors 402a and 402h,
respectively. The first and second VEDs 304a and 304b may operate the first and second mators

302 and 302b based on the first and second move commands, respectively.

{0083} The first and second motors 302a and 302b may run the first and second
conveyors 402z and 402b based on input voltage and input frequency signals provided by the
first and second VEDs 304a and 304b. The first and second VEDs 304a and 304b may provide
the input voltage and nput freguency signals based on the first and secend move commands. The
first speed and the second speed may be equal or wnequal. In a pon-Hmiting example, s
assunsed that the first speed and the second speed are equal. As the first and second packages are
being conveved, simultaneousty, by the first and second conveyors 4022 and 402b to the third
conveyor 402¢c, the first set of ultrasonic sensors 202 may comnunicate, to the first controller

206, sensor data indicative of the first height of the first package and the second height of the
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secomd package {as shown by arrow 524), As described o the foregoing description of FIG. 2,
the first controller 206 may deternyine the first and second helghts of the first and second
packages, based on sensor data from the first set of ultrasomic sensors 202, The first set of Light
array sensors 204 may communicate, to the frst contralier 206, sensor data that 1s indicative of
fight rays obstructed by each of the first and second packages (as shown by arrow 5263, The
sensor data, received from the first sev of light array sensors 204, may further indicate a time
durgtion for which each hght rav is obstructed. As described in the foregoing, the first controller
200 may deternvine the first dunensions (Le., the first length, wadth, and height) and the second
dimensions {o.g., the second lenpth, width, and height) of the first and second packages (as
shown by arrow 528). Based on the sensor data received from the first set of light array sensors
204, the first controller 206 may further determine the Hirst relative position of the first package
on the first conveyor 402a and a second relafive position of the second package on the second

conveyor 402b,

{0084} The first controfler 206 may utilize the first and second relative pasitions to
determine first and second correction factors for determining actual heights of the first and
second packages. In a non-limiting example, it is assumed that the actual heights of the first and
second packages gre equal to the first and second heights, respectively. Based on af least one of
the first and second lengths, widths, and heights, and the first and second weiphts, the first
controfler 206 may communicate a third move commmand {o the third VFD 304¢ (as shown by
arrow 3303, The third move command may be indicative of a third speed to be mawntaned by the
third convevor 402¢, The third speed may be determined such that a speed {2.g., the first speed)
of the first package and a spead {e.g., the second speed) of the second package remain constant
whest the first and second packages are conveyed, across the first ight array amitter 2044, from
the first and second conveyors 402a and 4025 o the third conveyor 402¢. The first controller 206
may comumunicate st least one of the first and second dimensions, the fivst and second volumes,

and the fiest and second identification codes o the €S 112 {as shown by arrow 532).

[0083] in one embodiment, the S 112 may identify transport vehicles that are available
for transporting the first and second packages. The €5 112 may then select the first transport
vehicle 110a from the available transpori vehicles to transport the first and second packages to

the first and second locations. The O 112 may select the first transport vehicle 110a based ona
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distance between the current location of the first transport vehicle 110g, an estimated thme of
arrival for the first transport vehicle 110a 1o reach the location of the first induction station 106g,
oy the like. In one embodiment, the CS 112 may select the first ransport vehicle 110a futher
based on at least ong of the package type of each of the first and second packages, the first and
second dimensions, the first and second weights, the first and second package details, or the ke
The CS 112 may communicate, t© the fisst fransport vehicle 110a, instructions to transport the
first and second packages from the third conveyor 402¢ 1o the first and second locations. The
nstructions may be mdicative of a first optimal path to be traversed by the first transport vehicle
1 10ato reach the focation of the first induction station 106a {e.g., 8 location of the third conveyar

402c) from the current location of the first transport vehicle 110a.

{0086} The instructions may be further indicative of a second optimal path to be
traversed by the first transport vehicle 110a 10 reach the first and second locations from the
jocation of the first indaction station 106a. The {irst and second optimal paths may be defined in
terms of fiducial markers (e, FM; and FMy) that need o be wraversed by the first transport
vehicle 110a. The first transport vehicle 1 10a may reach the first induction station 100a and
approach the third conveyor 402¢ by following the first optunal path (as shown by arrow 5341 In
one embodiment, the first speed and the second speed may be further determined based on a
throughput {e.g., number packages inducted per unit time) required of the first induction station
106a. For example, when a higher throughput is required, the first speed and the second speed
may be increased. The first speed and the second speed may be further determined based on the
distances between the first induction station 106a and the current locations of the first and second
transport vehicles 110a and 110b, estimated time of arrivals of the first and second transpost
vehicles 110a and 110b to reach the first induction station 106, or the ike, For example, the first
speed and the second speed may be reduced or increased to match a fime instant at which the
first andd secomd packages are conveyed o the third convevor 402¢ and time mstants of srrival of

the first and second transport vehucles 110a and 110b.

{0087} The first induction station 106a may further include a fourth set of Light wray
sensors, The fourth set of light array sensors may enable the first controller 206 to determing a
proximity of 8 transport vehicle {e.g., the first transport vehicle 118a) to the third conveyor 402¢,

based on sensor data received by the first conwroller 206 from the fourth set of light auray sensors.
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The first controller 206 may defermine the proximity of the fiyst transport vebicle 110a to the
third conveyor 402¢ (as shown by arrow 536} In one embodiment, if the frst controlier 206
determines that the first transport vehicle 1103 has not appreached the thisd conveyor 402¢, the
first contratler 206 may halt the first conveyar 402, the second convevor 402b, or the third
conveyor 402¢ until the first transport vehicle 1108 approaches the tard conveyor 402¢. For
example, the first controller 206 may modulate the first speed, the second speed, and the third
speed based on operational requirements. I another embodiment, when the first controlier 206
determines that the first transport vehicle 110a has approached the third conveyvor 402¢, the first
controller 206 may communicate with the CF 112 to synchronize the third speed and a speed of a
conveyor of the first transpori vehicle 1102 to enable a smwooth conveying of the first and second
packages to the first transport vehicle 110a from the third conveyor 402¢. The first controller 206
may communicate & fourth speed control command o the thisd VFD 304¢ for synchronizing the
third speed and a speed of the conveyor of the first fransport vehicle 110a {as shown by arrow
538). Based on the fourth speed control command, the third VFD 304¢ may conirol the third
speed, by varving an input frequency and an input voltage to the third motor 302¢. The first and
second packages may be conveved from the thivd conveyer 402¢ o the first transport vehicle
110a. The first transport vehicle 1 10a may receive the first and second packages from the third
conveyor $02¢ and may transport the first and second packages 1o the first and second lecations
{as shown by arrow 540). In another embodiment, the first and second operators 108a and 108b
may place more packages on the first induction station 1063 for sortation, while the fivss and
second packages are on the third conveyor 402¢. The first and second packages may he
stationary on the third conveyor 402c until the first transport vehicle 110a arrives o recerve the

first and second packages from the third conveyor 402¢.

j0088) In another embodiment, the first operator 108a may place the first package on the
first conveyor 402a before placing the second package. In such a scenario, the first set of weight
sensors 308 may commuumticate sensor data 1o the first contrelier 206, indicating that the first
conveyor 402a is carrying a load equal to the first weight. 1n such a scenario, the first controlier
206 may communicate a request 1o the tirst sef of image-capturing sensors 306, requesting the
first set of image-capturing sensors 306 to scan the first package for the Hrst identifier. Based on

the request, the first set of image-capturing sensors 306G may scan the first identifier of the first
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package, decode the first ydentifier, and communicate the first identification code to the first
controlier 206, The first controller 206 may wait for a short duration for the first operator 108a 1o
place another package (e.g., the second package) on the second conveyor 4026, When the first
operator 108a places the second package on the second package on the second conveyor 402k,
the first coniroller 206 nray communicate another request to the first set of image~-capturing
sensors 306, requesting the fivst set of image-capturing sensors 306 1o scan the second identifier
of the second package. Based on the request, the first set of image-capturing sensors 306 may
scan the second identifier of the second package, decode the second identifier and comumnicate
the second identification code to the first controller 206, Consequently, the first controller 206
may issue the first and second move commands 10 the first and second VFDs 3044 and 304b,

respectively.

[0089] In another embodiment, the first idensification code pray be indicative of one or
more properties of the first package. For example, the first identification code may indicate that

o ~

the first package is fragile. Based on the first identification code, the first controller 206 may

pe

< s

decrease the first speed and/or the third speed to ensuve that the Hrst package is safely conveyed

e

across the firstand second packages.

j0090] In ancther enthodinent, the fivst operator 108z may mistakenly place the first and
second packages on the same conveyor {e.g., the first conveyor 402a). In such a scenario, sensor
data from the first set of weight sensors 308 may indicate that the Hrst convevor 4023 bears g
weight equal to a sum of the first and second weights. The sensor data from the first set of weight
sensors 308 may further indicate that no packages are placed on the second convevor 402b.
Nensor data from the frst set of image-capturing sensors 306 may indicate two identification
codes (e.g., the first and second identification codes). Based on the sensor data from the first set
of image-capturing sensors 306 and the first set of weight sensors 308, the first controller 206
may detenmine that the first operator 108a has placed two packages on the first convevor 402a.
Consequently, the first controller 206 may display a message on the first Ul on the first display
208, mdicating an evror and requesting the first operator 108a to place the fisst and second
packages on the respective first and second conveyors 402a and 402b. The firyt comtrolier 206

may further comnumicate the first DO signal having a value equal to *17 to the first visual
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mdicator 314, The first visual indicator 3 14 may display the second visual signal, based on the

first DO signal.

[0091] In another embodiment, the first operator 108z may place the first and second
packages on the first and second conveyors 402a and 4020 haphazardly such that one or more
light ravs emitted by the second light array emister 3102 are obstructed by the first package. In
such a scenario, sensor data (7 e, the first DI signal} from the second set of light array sensors
319 may indicate a presence of a package of the second package tvpe on the first and secend
conveyors 402a and 402b. However, sensor data from the first set of mnage-capturing sensorts
300 may indicate two identification codes (e,g,, the fivst and the second identification codes).
Based on the sensor data froms the first set of imsge-captoring sensors 306 and the second set of
light array sensors 310, the first controller 206 may deternune that the first operator 108a has
placed the psckages incorrectly. Consequently, the first controller 208 may display 2 message on
the first UT on the first display 208, indicating an error and requesting the first operatoy 108a o
correctly place the first and second packages on the first and second conveyars 402a and 4020 or
remove one of the first and second packages from the first mduction station 106a. The first

controller 206 may further communicate the first DO signal having a value equal o 17 to the

first visual indicator 314 and the first vispal indicator 314 may display the second visual signgl.
{0092] FIGS. 6A and 6B are block diagrams 600A and 6008 that illustrate top and side

views, respectively, of the first induction station 1004, 10 accordance with an embodiment of the
preseat disclosure, The block diagram 600A Hustrates the first set of image-capturing sensors
306 and first and second load cells (herematier, the first and load cells ave referred 1o as "the fixst
and second Toad cells 6024 and 802b7). The block diagram 6004 further iHustrates the first Hght
avray emitter 204a, the first set of wltrasonic sensors 202, the second light array emitter 310a, the
third Hght array enutier 312a, and the first through third conveyors 402a-402¢, The block
diagram 6008 illustrates the first set of inage-capturing sensors 306, the second load cell 602b,
the first set of ight array sensors 204, and the third set of light srray sensors 312, The block
diagram 6008 further ilustrates the second and third conveyors 402b and 402¢. The block
diagram 6008 illustrates the second oad cell 6020 installed within the second conveyor 402h. In

another example, the second load cell 602b may be installed below the second conveyor 402b. |t
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will be apparent {o those of skill in the art that the Hrst load cell 602a may be nstalled within or

below the first conveyor 402a in a similar manner,

[0093] FIGS. 7A and 7B ate block diagrams 700A and TO0B that llustrate top and side
views, respectively, of the first induction station 1006a at & first thme mstance =ty in accordance
with an embodiment of the present disclosure. The block diagrams 700A and 7008 have been
described In conjunction with FIGS, SA-3C. The block diagrams 700A and 7008 illustrate the
top and side views of the first induction station 1063 ar the first time instance ‘t=t°. In @ non-
limiting example, ai the first time ostance ‘=", the first operator 108a has placed the st and
second packages (hereinafter, the first and second packages ave referred 1o as “the fivst and

second packages 702 and 7047) on the first and second conveyors 402a and 402b,

[0094] FIGK, 7C and 7D are block diagrams 700C and 7001 that tllustrate top and side
views, respectively, of the first tnducton station 1063 at a second tme mstance 647 { > tg), i
accordance with an embodiment of the present disclosure. The block diagrams 700C and 700D
have been described in conjunction with FIGS. SA-SC. The block diagrams 7000 and 7000
iHustrate the top and side views of the first induction station 1063 at the second time instance
=1, In a2 non-Himiting example, at the second time instance ‘=4, the first and second packages
702 and 704 are being conveyed from the first and second convevors 4028 and 402b,
respectively, 1o the third conveyor 402¢, across the first Hght arvay emiiter 204a {as described in

the foregoing description of FIG. 5B).

10095] FIGS, TE and 7F ave block diagrams 700E and 700F thai illustrate top and side
views, respectively, of the first induction station 106a at a thivd time Instance ‘t=t;°, in
accordance with an embodimens of the present disclasure. The block disgrams 700C and 700D
have been described in conjunction with FIGS. SA-3C. The block diagrams 700E and 700F
itlustrate the top and side views of the first inducticn station 106a at the third time mstance ‘=i,
I a non-limiting example, at the third time instance =1y, the first and second packages 702 and
704 are being conveyed from the third convevor 402¢ to the first transport vehicle 110a {as

described in the foregoing descriptions of FIGS. 5B and 50).
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{0096} FIGS, 8ARC are diagrams that collectively tlustrate an exemplary process flow
800 for conveying the third package, in accordance with an embodiment of the present
disclosure. The exemplary scenario 800 mvolves the first wansport vehicle 110a, the 'S 112, the
first set of ultrasonic sensors 202, the first set of hight arvay sensors 204, the first controlier 206,
the first display 208, the first display 208, the VFIs 304, the first set of image-capturing sensors
306 the first set of weight sensors 308, the second set of light array sensors 310, and the third sey

of light array sensors 312,

{6097] The U8 112 may receive, from the external server ot an entity, a second service
request tor placing the third package in the storage facility 102, Based on the second service
request, the CN 12 may identify an tnduction station {e.g., the first induction station 106a) for
performing an operation {g.g.. sortation of the third package for placing in the storage facility
102) corresponding to the first service request. Based on the second service request, the first
controller 206 may identify an induction station {e.g., the first induction station 106a) for
handiing the second service request. Based on the second service request, the CS 112 may
cornmunicate a thivd vequest to the fisst controller 206 {ax shown by arrow 802}, The thurd
request may be request for the first operator 1083 to place the third package on the first induction
station 106a for sortation. Based on the third vequest, the first controller 206 may render the first
operaior 108a, a second message nstructing the fisst operator 1084 to place packages such as the
third package on the first mduction station 106a {as shown by arrow &06). In a non-limiting
example, the first operator 108a may place the thivd package on the first and second conveyors
402a and 4020, When the first operator 108a places the third package on the first and second
conveyors 4024 and 402b, one or wore Heht ravs emitied by the third Hght arvay emitter 3124
may be obstructed by one or more body parts {e.g., hands) of the fisst operator 108a, Based on
the obstruction of the one or more light rays, the third set of hight array sensors 312 may
commmuicate a fowth frigger signal {e.g., the second I signal having a value equal to 17} to the
first controller 206, indicating that the first operator 1082 is in close proximity to the first and
second conveyors 402a and 402b (as shown by arrow 808). To ensure the safety of the fst
operator 108a, the first controller 206 may communicate the first and second stop commands ©

the Grst and second VFDs 304a and 304b, respectively, based on the second D signal. Based on
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the first and second stop commands, the first and second VFDs 304a and 304b may stop the first

and second motors 302a and 302h, immobilizing the first and second conveyars 4023 and 402b.

[0095] When the first operator 108a places the third package oun the first and second
conveyors 402a and 402b, the first set of weight sensors 308 {e.g., the first and second weight
controllers) may compunuicate g fifth tngger signal o the first comtrolier 206 (as shown by arrow
8103, The {ifth wigger signal may include sensor data of the first set of weight sensors 308 that
may indicative of & load on each of the first and second conveyors 402 and 402b. For example,
the sensor data from the first set of weight sensovs 30 may be indicative of a weight distribution
of the third weight on each of the first and second conveyors 4023 and 402h. After placing the
third package on the first and second copveyors 402a and 402b, the first operator 108a may
move away from the first induction station 106a. Consequently, the one or more light rays
emifted by the third light array emitter 312a may not obstructed. As a result, the value of the
second DI signal may be equal o °07. The first controller 206 nay veceive a sixth trigger signal
{#.e., the second DI signal having the value equal to "07) from the third set of Tight array sensors
312, indicating that the light rays emitted by the third Bght arvay emitter 312a are not obstructed
{as shown by arrow S12). Rased on the sixth trigper signal from the third set of hight array
sensors 312, the st controller 206 pray deterimine that it is safe {o operate the first and second

conveyors 402a and 402b.

{6099 The first controller 206 mav communicate & fourth request to the first set of
image-captaring sensors 308, requesting the first set of image-capturing sensors 306 to scan ap
identifier of each package on the first and second conveyors 402 and 402b {as shown by arrow
814). Based on the third request, the first set of image-capturing sensors 306 may scan the third
identifier of the third package and communicate sensor data, indicative of a third dentification
code, to the first controller 206. The first set of tmage-capturing sensors 306 may commuicate
senser data, indicative of the thud identification code, to the first controller 206 (as shown by
arrow 816}, The third package 15 of the second package type {e.g., the third package is a large
package). The third package may occopy the first and second portions of the fisst and second
conveyors 402a and 402b. The third package may obstruct one or more hight rays emisted by the
secomnd Heht array emitter 310a. Therefore, the first controller 206 may recetve sensor data{e.g.,

the first I signal having a value equal 10 °17) from the second set of Hight array sensors 310,
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indicating a presence of a large package (e.g., a package of the second package type) on the first
and second conveyors 4023 and 402b (as shown by arrow 818). Based on the third idemification
code and the sensor data from the second set of light array sensors 310, the first controller 206
may deternuine that a single package of the second package type is placed on the first and second
conveyors 402z and 402h, Based on this determination, the first controller 206 may
communicate fourth and fifth move conmtands to the first and second VFDs 304a and 304h,
respectively (as shown by arrows 820 and 822). The fourth and fifth move commands may be
indivative of a first speed and a second speed to be maintained by the first and second conveyors
402a and 402, respectively. The first controller 206 may deternine the first speed and the
second speed based on the weight distribution of the third weight across the first and second
portions of the first and second convevors 4022 and 402b. In 3 non-limiting example, the third
weight is evenly disteibuted across the first and second portions. {n other words, the first speed
and the second spead are synchronized based on the detection of the package type of the third
package as the second package tvpe. The first speed and the second speeds may be synchronized
to prevent a displacement of the third package from a relative position of the third package on
the first and second conveyors 402a and 402b. The first and second VFDs 304a and 304b may
operate the first and second motors 302a and 302b based on the first and second move

conunands, respectively.

{00100} The first and second motors 3022 and 302b may run the first and second
conveyors 402 and 402b based on input voltage and input frequency signals provided by the first
and second VFDs 304a and 304b. The first and second VFDs 304a and 304b may provide the
input voltage and input frequency signals based on the fourth and {ifth move commands. In
another embodiment, if the third weight is unevenly distributed across the first and second
portions, the first and second VFDs 304a and 304b may vary the input voltage and fnput
frequency signals to the first and second moters 302a and 302b so that first aud second
conveyors 402a and 402b move at a same speed. For example, the fivst speed and the second
speed are synchronized. In a pon-limiting example, it is assumed that the first speed and the
second speed are equal. As the third package s being conveved by the first and second
conveyers 402a and 402b to the third conveyor 402¢, the st set of ultrasonic sensors 202 may

commuicate, to the first controller 206, sensor data indicative of a third height of the third
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package {as shown by arrow 824}, The first controller 206 may determine the third height of the
third package, based on the sensor data from the fivst set of ultrasanic sensors 202, The first set
of light array sensors 204 nway comnuumicate, to the first controller 206, sensor data that is
indicative of light rayvs obstructed by the third package (as shown by arrow 826). The sensor
data, received from the frst set of Hght array sensors 204, may further indicate a duration for
which Hght ray is obstructed. As described in the foregoing, the first controller 286 may
determine third dimensions (the third heighy, a thivd length, and a third width) of the third
package {as shown by arrow 828}, Based on the third dunensions, the first conwoller 206 may
further determine a third volume of the third package. Based on the sensor data received from the
first set of light arvay sensors 204, the first controller 206 may fusther determine a thivd relative
pasition of the third package on the first and second convevors 402a and 402b. The hrst
controller 200 may utilize the third relative position to determine a third correction factor for
determining an actual height of the thivd package. In a non-limiting example, # is assumed that
the actual height of the third package 15 the same as the third height. Based on the thid
dimensions and/or the third weight, the frst contreller 206 may communicate a sixth move
command to the third VFD 304¢ (as shown by arrow §30). The sixth move commansd may be
mdicative of a third speed to be maintained by the third convevor 402¢. The third speed may be
determined such that a speed {i.¢., the third speed) of the third package onthe fivst and second
conveyors 402a and 402h repains constant when the third package is conveyed, across the fisst
light array enmutter 204a, from the first and second conveyars 402a and 402b to the third
contvever 402¢. The first controller 206 may commuicate at least one of the third dimensions,

the third volume, and the third identification code to the €S 112 {as shown by arrow 832).

{00101} The CS 112 may select one or more fransport vehicle (e.g., the first transport
vehicle 110a) for transporting the thivd package 1o the third location in the stovage area 104, In
one embodiment, the CS 112 may select the one or more transport veldcles based cn the third
dimensions, the third package details, a proximity of the selected one or more transport vehicles
o the first induction station 1063, a distance between the third location and the location of the
first induction station 106a, or the like. The third location may correspond to the 1SUs 116, The
first controller 206 may communicate, to the first fransport vehicle 110a, instructions to transport

the third package frora the third conveyor 402¢ to the third package. The inswructions may be
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indicative of a third optimal path to be traversed by the frst transport vebicle 1102 to reach the
ocation of the first induction station 106a {e.g., a location of the third convevar 402¢) from a
current location of the first transport vehicle 110a. The mstructions may further be indicative of'a
fourth optimal path 1o be traversed by the first transport vehicle 110a 1o reach the thud location
from the location of the first induction station 106a. The third and fourth optimal paths may be
defined in terms of Hducial markers {e.g., FM; and FM;) that need to be traversed by the first
transport vehicle 110a. The first transport vehicle 110a may approach the thivd convevor 402¢ by

following the third optimal path {as shown by arrow 834,

{60107 The first controllar 206 may determine the proximity of the first transport vehicle
110a to the third conveyor 402¢ (as shown by arrow 836). In one embodiment, if the first
controller 206 determines that the first wansport vehicle 110a has not approached the third
conveyor 402¢, the first controller 206 may halt the first conveyor 4024, the second conveyor
402, or the third conveyor 402¢ until the first transport vehicle 110a approaches the third
conveyor $02¢. In another enbodiment, i the first centroller 206 determines that the first
iransport vehicle 110a has approached the third conyeyor 402¢, the first controller 206 may
communicate with the 8 112 te synchronize the third spead and # speed of a conveyor of the
first transport vehicle 1108 to enable a smooth conveying of the third package to the first
tragaport vehicle 110a from the third conveyar 402¢. The first controlier 206 may communicate a
ifih speed control command to the third VFD 304¢ for synchronizing the third speed and a speed
of the conveyor of the first transport vehicle 110a (as shown by arrow 838}, Based on the fifth
speed control command, the third VFD 304c may congrol the third speed, by varying an input
frequency and an inpwt voltage to the third motor 302¢. The third package may be conveyed
from the third conveyor 403¢ te the first transpert vehicle 110a. The first transport vehicle 110a
may recetve the third package from the thicd conveyor 402¢ and may transport the third packa

P
bA

to the third location using the fourth optimal path (as shown by arrow 840).

00103} FIG. 9 is a block diagram that dlustrates the C8S 112, in accordance with an
embodiment of the present disclosure. The C8 112 may include 8 proceasor 902, 8 memaory 904,
and a trangceiver 906 that compmuicate with each other by way of a first cormmunication bus
908, The processor 902 may nclade an nventory marnager 910, a request bandler 912, a layout

manager 914, a path tdentifier 916, and an allocation masager 918 that conymunicate with each
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other by way of a second communication bas 920, Tvwill be apparent to 8 person having ordisary
skill in the art that the CS 112 s for dlustrative purposes and not limited 16 any specific

combination or hardware circuitty and/or software.

[00104] The processor 802 may mchude suitable logic, instructions, circuitry, interfaces,
and/or code for executing various aperations, such as mventory or storage facility management
operations, procurement operations, or the like. Examples of the processor 902 may inchude, but
are not linuted to, an applicatien-specific integrated circust {ASKD) processor, a veduced
astraction set computing (RISCY processor, a complex insivuction set computing {CISC)
processor, a field-programmable gate array (FPGA), and the like. The processor 902 may
execute the inventory management operations, such as identifying induction stations {e.g., the

first induction station 106a) for sontation of packages {e.g., the first through third packages},

pet

selecting transport vehicles {e.g., the transport vehicles 110} for transporting the packages, and

determining optimal paths (and determining service requirements of the tansport vehicles 110

{as described m the forepoing descriptions of FIGE, 5A-5C and 8A-8C),

{00105 The memory 904 may welude snitable {ogic, instructions, circuitey, mterfaces,
and/or code 1o store an inventory list 922, layout information 924, the nventory storage data
{hereinatter, reforred to as “the mventory storage data 926}, and transport vehicle datg 928,
Examples of the memory 904 inchude a random-access memory (RAM), a read-only memory
{ROM), a removable storage drive, a hard disk drive (HDD), a flash memory, a sohd-state
memory, and the like. Tn one embodiment, the memory 904 may be realized through various
database technologizs such as, but not Hmited to, Microsoft® SQL, Oracle®, IBM DB2¥,
Microsoft Access®, PostgreSOLE, MySQL® and SQLite®, 1t will be apparent to a person
skilled in the art that the scope of the disclosure is not limited to realizing the memory 904 in the
S 112, as described herein. In other embodiments, the memory 904 may be realized in form of
an external database server or a cloud storage working in conjunction with the €8S 112, without

departing from the scope of the disclosure.

{00106] The inventory list 922 may include a list of packages stored in the storage facility
102, The lavout information 924 may include the virtual map of the storage facility 102, The

virtual map may mclade wformation pevtaining 10 the layout of the storage facility 102, such as
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the locations of the fiducial markers. The layout information 924 may further include an
association between the fiducial markers and the 18Us 116, The layvout information 924 may
indicate real-time locations of the 1SUs 116 based oo the ISU markers. The lavout information
924 may further include real<time path availability information of varicus paths 1 the storage
facility 102, For example, the layout information 924 may indicate that one or more paths {such

as the aisles 118} are closed down for maintenance.

[80107] The inventory storage data 226 may be indivative of the associations between
packages {e.g., the first through third packages) and the ISUs 116, The inventory storage data
926 may include details of packages stored in each of the 18Us 116, As described in the
foregoing, each ISU 116 may be associated with g ISU marker. Based on the inventory storage
data 926, the CS 112 may be aware of the storage locations of the inventory items stored i the
ISUs 116, The transport vehicle data 928 may be indicative of details of the transpont vehicles
110, The details of each of the first and second transport vehicles 110a and 110b may include a
size, dimensions, a load carryving capacity, a maximum and mininun speed, an identifier (such
as a muveric or an alpha-mwmneric code) assoctated with a corresponding transport vehicle, or the
like. The details of each of the first and second wransport vehicles 110a and 1 10b may further
mclnde real-thme information, such as g real-time location, an indicator that indicates whether a

corresponding transport vehicle is carrving a package, or the like,

{00108 The transcerver 906 may wransmit and recetve data over the comnunication
nefwork 114 using one or more commumication network protocols. The transceiver 806 may
transput various requests and messages 1o the transport vehicles 110 and the induction stations
106 and recetves requests and messages from the transport vehicles 110 and the induction
stations 106, Examiples of the transcetver 906 may melude, but are not limited to, an antenna, a
radio frequency transceiver, a wireless transceiver, a Bluetooth transceiver, an ethernet based

transceiver, a USB transceiver, or any other device configured to transmit and receive data.

j00109] The processor 902 may execute the inventory management operations by way of
the inventory manager 910, the request handler 912, the layout manager 914, the path identifier
916, and the allocation manager 918, The inventory manager 910 may manage the invenfory list

922 stored in the memory 904, For example, the inveniory mianager 210 add new packages to the
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inventory list 922 when the new packages are stored i1 the storage area 104 and may update the
wvenitory list 922 whenever there is any change i regards 1o the packages stored in the storage

areg 104,

{00110} The request handler 912 may process all service requests {e.&., the first and
second service reguests) received from the external commmunication sexver. The request handler
912 may identify, based on the service requests received from the external communication
server, packages and induction staticns pertinent to the service requests. The request handler 212
may further identtfies 18Us for storing the packages associated with the service requests. The
request handler 912 may further communicate requests (e.g., the first request) to the first

controller 206, based on the service requests,

LIRS The layvout manager 914 may manage the layout information 924, For example, if
there is any change in the layout of the storage factlity 102 {such as a changs in the arrangement
of the ISUs 116), the lavout manager 914 may update the lavout wiormation 924 based on the
change in the layout. The path identifier 916 may be configured to determine optimal paths {such
as the first through fourth optimal paths). The glocation manager 918 may handle selection of
wansport vehicles {e.g., the first and second transport vebicles 110a and 110b) for transporting
the packages. For example, the allocation manager 918 may deternune that the first transpont
vehicle 110a iy available to transport the first and second packages 702 and 704 and may sslect

the first ransport velucle 110z for transporting the first and second packages 702.

1001121 FIG. 10 is a diagram that iltustrates a 3D representation of a third induction
station 1002, i accordance with another embodiment of the present disclosure. As shown in
FIG. 10, the third induction station 1002 includes 8 plurality of feed convevors such as fourth
through eighth convevors 1004a-1004e that are parallel to each other, The third induction station
1002 further includes one or more bufter conveyors such as a ninth conveyer 1004 The third
induction station 10502 further inchudes a second canopy 1006, It will be apparent to those of skill
in the art that the second canopy 1006 may be similar to the first canopy 404. The second canopy
1006 may be at a sixth pre-detesmined beight above the fourth through eighth conveyors 1004a-
1004e. An ultrasonic sensor above gach of the fourth through eighth conveyors 1004a-1004e, on

a bottom side of the second canopy 1006, In FIG, 10, there is further a fifth hight array emitter
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1008z, sixih through ninth light arcay emitiers 1010a-100d, a tenth light aray emiiter 1012, 2
second display 1014, and » second visual indicator 1016, A fifth light arvay receiver
corresponding o the Hifth light array emitter 1008a, sixth through ninth Heht array receivers
corresponding 1o sixth through ninth Hght array emitters 1010s-100d, and a tenth Hglt array
receiver corresponding to the tenth Haht arvay emitter 1012 may be installed on the botiom side
of the canopy. The fifth light array emitter 1008a may be functionally simiar to the first Hght
array emitter 2044, the sixih through minth ight array emitters 1010a-1010d may be functionally
similar to the second hght array emutter 310a, and the teath Lighs array emutter 1012 may be
similar to the third Hight array emitter 312a. The second display 1014 and the second visusl
mdicator 1016 may be simifar to the fisst display 208 and the first visual indicator 314,
respectivelv. it will be apparent 1o 3 person of skill in the art that the third induction station 1002
1s functionally similar to the first and second induction stations 100 and 106b, and has more

package handling capacity as compared to the first and second mduction stations 1063 and 106b.

{09113 FIG. 11 1s 2 block diagram that Hlustrates an architecture of a computer system
PO, i accordance with an embodiment of the present disclosure. An embodiment of present
disclosure, or portions thereof, may be implemented as computer readable code on the computer
system 1100, In one example, the CS 112 or the first controller 206 may be implemented in the
computer system 1100, Hardware, software, o1 any combination thereof may embody moedules
and components used to nuplement one or mote operations of FIGS, SA-5C and §A-RC, The
comnpater system 1108 meludes a processor 1102 that may be connected to a communication
wirastructore 1104, The computer system 1100 may further include a main memery 106 and
secondary memory 1108, The computer system | 104 further includes an inputioutput (1)
interface 1110 and a communication inderface 1112, The commmnication mnterface 1112 may
allow data transfer between the computer system 1100 and vanious devices that are

communicatively coupled o the computer system HOQ

jo0114] The first induction station 1006 includes the first through third conveyors 402a-
402¢. For example, the fiest induction station 1003 includes two feed conveyors and a buffer
conveyor. By virmue of the two feed conveyors {2.g., the first and second conveyors 402a and
402b}, the first induction station 106a i3 capable of conveying two packages {the first and second

packages 702 and 704} of the first package type, sinultanecusly, or a smgle package {e.g., the
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third package) of the second package type. The first induction station 1063 mway be configured {o
handle a higher numtber of packages {(both large and small packages), simultanecusty, by
ncreasing a munber of feed convevors {as shown in FIG. 10}, Therefore, the solution provided
by the disclosure is scalable. A scalable nature of the solution allows an organization or an entity
{e.g., an organization or an entity associated with the storage facility 102) to design induction
stations based on a current and/or an expected number of packages handled by the storage
facility 102, allowing the organization o maxintize a throvghput of the storage facility 102 in g
cost-effective manner. The disclosure describes using ultrasonic sensors {e.g., the first set of
nltrasonic sensors 203) and hight array sensors (e g, the first set of light array sensors 204) for
measuring dimensions of packages {e.g., the first through third packages), allowing the
measurement of the dimensions of the packages i an sccnrate and cost effective manner. The
dimensions of the packages are measured in real-time (when the packages are in motion),
minimizing a time taken by each induction station to handle each package and maximizing a
throughput of each induction station.

[00115] A person having ordinary skill in the art will appreciats that emtbodiments of the
disclosed subject matter can be practiced with varicus computer system configunasions, including
multi-core multiprocessor systems, minicomputers, matnframe computers, computers Haked or
clustered with distributed fimetions, as well as pervasive or muature computers that may be
embedded into virtually any device. Further, the operations may be described a5 @ sequential
process, hewever some of the operations may in fact be executed in parallel, concurrentdy, and/ior
m g distributed envivormment, and with program code stored locally or remotely for access by
single or multiprocessor machines, In addition, in some embodiments the order of operations

may be rearranged without departing from the spirit of the disclosed subject matter.

[00115] Technigues consistent with the present disclosure provide, among other features
an induction system for conveying packages in a storage facility. While various exemplary
embodiments of the disclosed system and methad have been described above #t should be
understood that they have been presented for purposes of example only, not Ihnitations, ¥t is not
exhaustive and does not it the disclosure to the precise form disclosed. Modifications and
variations are possible in Hght of the above teackings or may be scquired from practicing of the

disclosure, without departing from the width or scape,
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BT} While various embodiments of the present disclosure have been iHustrated and
described, it will be clear that the present disclosure is not Himited to these embodiments only.

Numerous medifications, changes, varations, substitutions, and equivalents will be appareat {o
those skilled in the art, without departing from the spint and scope of the present disclosure, as

described in the alatms:
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What is clatimed is:
1. An induction station for conveving one or mors packages in a warehouse, the mduction
station comprising:

first, second, and thisd convevors, wherein the first and second convevors are
configured to convey the one or more packages from the first and second conveyors to the third
convevor, and wherein the first and second conveyors are in parallel;

a fust set of sensors configured 1o measure a weight, a height, a tength, and a width of
pach package;

a second set of sensors configured to detect a package type of each package as one of 2
first package type or a second package type, wherein the second set of sensors 15 nstalled ina
fieat gap between the first and second conveyors;: and

a controller configured to control a first speed of the first convevor, a second speed of
the second conveyor, and a third speed of the third conveyor for conveying the ene or more
packages, wherein the first speed, the second speed, and the third speed are controlled based on
the detected package type of each package and at least one of the weight, height, length, width,

and position of each package.

2. The mduction station of claim 1, wherein each package of the first package type, when
placed on one of the first and second conveyors, 1s within boundaries of @ corresponding
contvever, and wherein each package of the second package type, when placed on the first and

e

second conveyors, oocupdes first and second portions of the first and second conveyors,

3. Theinduction station of claim 1, wherein the first and second convevors are configured to
convey to the third conveyor:

a fst package and 8 second package, respectively, of the one or more packages, when
the package type of the first and second packages is the frst package type, and wherem the first
and second packages are conveyed simultaneously, or

a third package of the one or more packages, when the package type of the third

package 1s the second package type.
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4, The mdoction station of claim 3, wherein the controfler is fiwther configured to synchronize
the first speed and the second speed based on the detection of the package tvpe of the third

package as the second package type,

5, The induction station of claim 1, wherein the controller is further configured to determine:

the height of each package based on first sensor data obtained from a fisst subset of
sensors of the first set of sensors, wherein the height of each package is determined when each
package 15 in motion on at least one of the first and second convevoss,

the lenpth, width of cach package, and g position of each package on at least one of the
first and second conyveyors, based on second sensor data obtained from a second subset of
sensors of the first set of sensors, whevein the length, width, and position of gach package is
dvnamically determined when each package 15w motion on at least one of the first and second
conveyors, amd

the weight of each package based on third sensor dats obtained from a third subset of

sensors of the first set of sensors.

6. The induction station of claim §, whergin the controlier 15 further configured o determine a
gorrection factor based on at least the position of each package, and wherein the height of each

package is further determined based on the determined correction factor of each package.

7. The mnduction station of ¢laim 3, whetein,

the first subset of sensors includes one or more ultrasonic sensors, wherein each
wlfrasonic sensor of the one or more ultrasonic sensors s installed above one of the firstand
second conveyors,

the second subset of sensors includes one or more light arfay sensors, wherein each hght
array sensor of the one or move light array sensors includes an emitter component and a recgiver
component, wherein ene of the emitter and recerver compaonents of each hight array sensor i
wstalled in 2 second gap between the first and second convevors and the third conveyor, and
wherein a remaining component of the exmitter and receiver components of gach light array
sensor is installed above one of the first and second conveyors and 18 dimettically opposite ©

the one of the emitter and receiver components, and
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the third subset of sensors includes one or more weight sensors, wherein each weight
sensor of the one or more weight sensors 18 installed within one of the first and second

CORVEYOLS,

8 The induction station of claim 7, wherein the controller is further configured to synchronize
the third speed and at least one of the first speed and the second speed for conveying the one of
more packages from the first and second conveyors, across the one or more light arvay sensors, o

the third conveyor, at & constant speed.

9, The induction station of claim 1, further comprising one or more image-capturing sensors for
scanning an identifier associated with cach package,
wherein package details of each package are identified based on a corvesponding

scanned identifier.

1 The induction station of claim 9, wherein the controller is further configured to

conpnuicate, over g commupmpation network, with 8 control server, wherein the conirol server
selects one or more tansport vebicles, from a set of transport vehicles, for transporting each
package from the third conveyor to a first location associated with cacl package, wherein the one
or more transport vehicles are selected based on the package details of each package and at least
ane of the weaght, height, length, and width of each package, and wherein the first speed, the
second speed, and the third speed are further controlled based oo an estimated time of arvival of
gach of the one or more transport vehicles at a locatipn of the mduction station and a throughpuwt

reguirement of the control sexver.

. The induction station of clayn 10, Ruther comprising a display,

wherein the controller is further configured to vender a user interface on the display,
wherein the user imterface presents, to an operator of the nduction station, package information
of the one or more packages, and wherein the package infororation includes at least one of the
weight, height, lenpth, width and package details of each of the one or more packages, and one

or more errors or cominands pertinent 1o the conveving of the vue or more packages.,
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12, The mdoction station of claim 1, further comprising a thivd set of sensors for detecting a
presence of an operator within a range of the induction station,
wherein at teast one of the fivst and second conveyors is immobilized based on the

detected presence of the operator,

13, A dimensioning system for an induction station in 8 warehouse, the dimensioning system
comprishg:
a first set of sensors configured to collect first sensor data for measuring a hexght of
each package of one or more packages; and
a second set of sensors configured to collect second sensor data for measuring a length
and & width of each package,
wheretn each package s placed on at least one of first and second convevors of
the mduction station and i1s moviag from at least one of the first and second conveyors
tor & third convevor of the induction station, and
wherein a controtler of the induction station determines the beight of each
package based on the first sensor data collected by the first set of sensors, and the length
and width of each package based on the second sensor data collected by the second set

of gensors.

14, The dimensioning system of claun 13, wherein the induction station includes 8 third set of
sensors configured o detect 8 package type of each package as one of g first package type or &
second package type, wherein the third sef of sensors i3 instatled in 2 first gap betwaen the first

and second cotveyors, and wherein the first and second conveyors are in paratiel.

15, The dimensioming system of claim 14, wherewn the first and second convevors are configured
to simultanecusty convey to the third conveyor:

a first package and a second package, respectively, of the one or more packages, when
the package type of the first and second packages is the first package tvpe, or

a third package of the one or more packages, when the package type of the third

package 1s the second package type.
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16. The dimensioning svstem of claim 13, wherein the controller determines a weight of each
package based on fourth sensor data collected by a fourth set of sensors of the induction station,
wherein the fourth set of sensurs includes one or more weight sensors, and whervein each weight
sensor of the one or more weight sensors is mstalled within one of the first and second

CONVEYOLS,

17. The dimensioning system of claim 13, wherein,

the first set of sensors includes one or more ultrasonic sensorss, and
the second set of sensors inctudes one or more hight arvay sensors, and wherein,

sach ultrasonic sensor of the one or moreg ulirasonic sensors 1S nstalled above
ong of the first and second conveyors, and

each light arvay sensor of the one or more Hight areay sensors inchudes an
enitter component and a receiver component, wherein one of the emitter and recetver
components of each hight array sensor 15 nstalled in a second gap between the first and
second conveyors and the third conveyor, and wherein a remaining component of the
emitter gnd receiver components of each Hght array sensor is installed above one of the
first and second conveyors and is diametrically opposite to the one of the emitter and

receiver Components.

18, The dimensioning system of claim 13, wheremn the controlier controls g first speed of the first
convevor, a second speed of the second conveyor, and a third speed of the third conveyor for
conveving the ong or move packages, and wheremn the first speed, the second speed, and the third
speed gre controlied based on a package type of vach package and at least one of the height, the

length, the width, and a weight of each package.

19, The dimensioning system of claim 13, wherein the controller communicates, over g
communication network, with & control server, wherein the comrol server selects one or more
transport vehicles, from a set of fransport vehicles, for transporting each package from the third
convevar o & frst location agsociated with each package, wherein the one or more transpott
vehicles are selected based on the height, the length, the width, a weight, and package details of

each package, and wherein the first speed, the second speed, and the third speed are further
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controfled based on an estimated time of arvival of each of the one or more transport vehicles ata

location of the induction station and a throughpat requirement of the control server.

20. An induction station for conveying one or more packages in a storage facility, the tnduction
station comprising:

a plurality of parallel feed convevors and one or move buffer conveyors, wherein the
plurality of paralle] feed convevors are used for conveying the one or more packages from the
plurality of parallel feed conveyors to the one or more buffer conveyors, and wheren the
plurality of parallel feed conveyors inctude at least first and second conveyors;

a first set of sensors for measuring a weight, a height, a length, and 8 width of'each
package;

a second set of sensors for detecting a package type of each package as one of a first
package type or a second package tvpe, wherain the second set of sensors 13 instatled in a first
zap between the first and second conveyors, and

a controller configured to control a speed of each of the plurality of parallel feed
convevers and the one or more buffer conveyors for conveying the oue or more packages,
wherein the speed of each of the plurality of parallel feed conveyors and the one or myore buffer
conveyors 18 controlied based on the detected package tvpe of each package and at least pne of

the weight, height, length, and width of each package.
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