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inadequate waste management. Costs for waste management of buildings or complexes can be
high. There is also substantial seasonal variation for the requirements of a waste management
system and currently there is limited ability to obtain site-specific data related waste

management system.

[0003] Commercial buildings in particular have substantial waste and recycling
management requirements and there is a need to provide a system that can lower costs of waste
and recycling collection, increase the cleanliness of a building overall and provide site-specific
data and information on waste and recycling production and collection, for example at a lower

cost.
SUMMARY

[0004] Example embodiments relate to systems and methods for autonomous and robotic
waste and recycling collection within a premises. Example embodiments relate to systems for
optimizing waste and recycling collection in buildings, including monitoring fill levels of
individual waste and recycling bins, mapping the premises, generating routes for autonomous

waste and recycling collection.

[0005] An example embodiment is a system having several smart bins with a fill sensor,
several autonomous robots, a server and a collection facility. Example embodiments of the
system include the server receiving information about the fill levels of each smart bin from the

fill sensors and generating collection instructions to be sent to the autonomous. The collection
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robots can then retrieve empty collection bins from the collection facility and replace the empty

bins into the smart bins.

[0006] An advantage of this embodiment is an entirely automated system for waste
management. The system is able to collect and remove waste throughout buildings with little to

no involvement from the owner of the building.

[0007] Another advantage of the system is that the information received from the fill
sensors and the autonomous robots is stored in the server and the server can provide an interface
for a user to monitor the system and provide instructions or modifications to schedule and routes.
The server can also analyze waste collection and management within the building by providing

total volumes of waste produced and collected, temperatures of the smart bins, etc.

[0008] Another advantage of the system is a camera or several cameras located in the
collection facility that monitor the waste containers. When the waste containers are full or reach
a threshold fill level, server can receive that information from the cameras and can notify a user
to call the local waste removal company, or can automatically dispatch the local waste removal

company to come to the premises and remove the waste.

[0009] Another advantage is that real-time, dynamic scheduling and routing of both staff
and autonomous robots allow for more efficient and accurate waste collection throughout a
premises. By using machine learning, the system can improve the scheduling and routing over

time and can be able to predict and track waste production on a premises.
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and a bin engagement mechanism; a bin collection server, wherein the bin collection server is
separate from the plurality of receptacles and is configured to: receive a respective fill level from
each of the fill sensors; determine that at least one collection bin has a respective fill level that
exceeds a threshold; generate a collection instruction for the at least one collection bin that
exceeds the threshold; send the collection instruction to the at least one autonomous robot;
wherein the at least one autonomous robot is configured to: receive the collection instruction
from the bin collection server; navigate, using the plurality of robot sensors, to the at least one
collection bin that exceeds the threshold; engage the bin engagement mechanism with a
respective robot engagement mechanism of the collection bin that exceeds the threshold; collect
waste from the collection bin that exceeds the threshold; navigate, using the plurality of robot
sensors, to a collection facility while carrying the waste; and deposit the waste in the collection

facility.

[0012] In an example embodiment of any of the above, the autonomous robot is further
configured to collect the waste by lifting, using the bin engagement mechanism, the respective
collection bin; carry the respective collection bin while navigating to the collection facility; and

deposit the waste by depositing the respective collection bin in the collection facility.

[0013] In an example embodiment of any of the above, the autonomous robot has a robot
waste bin, the autonomous robot being further configured to: collect the waste by lifting, using

the bin engagement mechanism, the respective collection bin; deposit the waste into the robot
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plurality O robot sensors, to the collection racility; engage the bin engagement mechanism with
the robot engagement mechanism of at least one of the plurality of empty collection bins; lift,
using the bin engagement mechanism, the at least one of the plurality of empty collection bins;
navigate, using the plurality of robot sensors, to the at least one of the plurality of empty
receptacles; and insert an empty collection bin into each of the at least one of the plurality of

empty receptacles.

[0015] In an example embodiment of any of the above, the bin collection server includes

a machine learning model.

[0016] In an example embodiment of any of the above, the plurality of robot sensors

include a proximity sensor, a visual sensor, or an accelerometer.

[0017] In an example embodiment of any of the above, the autonomous robot has a scale.

[0018] In an example embodiment of any of the above, the autonomous robot is

configured to detect a mass of a robot load using the scale.

[0019] In an example embodiment of any of the above, the fill sensor is an infra-red

distance sensor.
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connect 10 the power source, detect tne 111l 1evel o1 each oI the plurality o1 receptacles; and send

the fill level to the bin collection server.

[0022] In an example embodiment of any of the above, the bin collection server is

configured to send the wake up notification based on a pre-determined schedule.

[0023] In an example embodiment of any of the above, the power source includes a

battery; and the fill sensor is configured to send a battery level to the bin collection server.

[0024] In an example embodiment of any of the above, each receptacle has a power

source that can provide power to the receptacle and the fill sensor.

[0025] In an example embodiment of any of the above, the power source is a solar power
source.
[0026] In an example embodiment of any of the above, the collection bin includes a top

cover that is configured to sealingly engage with the top of the collection bin.

[0027] In an example embodiment of any of the above, the system further comprises a
docking station corresponding to the at least one autonomous robot; the bin collection server

being further configured to: generate a docking instruction; the autonomous robot being further
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[0030] In an example embodiment of any of the above, the fill sensor is further

configured to detect a temperature of each receptacle.

[0031] In an example embodiment of any of the above, the fill sensor is integrated into
the lid.
[0032] In an example embodiment of any of the above, the fill sensor is an individual

component, the fill sensor being configured to attached to the lid.

[0033] The system of claim 1, wherein the robot engagement mechanism comprises at
least one opening in a bottom of an exterior of the collectible bin; wherein the bin engagement
mechanism includes at least one prong connected to a motor, the at least one opening configured
to receive the at least one prong; and wherein when the robot engagement mechanism has
received the at least one prong, the motor is configured to lift the collection bin; and wherein the
collection bin is configured to move with the autonomous robot when the autonomous robot

moves.
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a gripping arm with at least two fingers; and wherein the bin engagement mechanism engages
the robot engagement mechanism by: positioning the at least two fingers on opposing sides of
the collection bin; and closing the gripping arm by moving the at least two fingers towards the

collection bin.

[0037] In an example embodiment of any of the above, the at least one autonomous robot
is a humanoid robot; the bin engagement mechanism includes a robot arm on opposing sides of
the humanoid robot; wherein the bin engagement mechanism engages the robot engagement
mechanism by: positioning the robot arms on opposing sides of the collection bin; and grasping

the collection bin by moving the robot arms towards the collection bin.

[0038] In an example embodiment of any of the above, the bin collection server is further
configured to receive the fill level of each of the plurality of receptacles at pre-determined

intervals.

[0039] In an example embodiment of any of the above, the bin collection server is

configured to determine the pre-determined intervals using a machine learning model.

[0040] In an example embodiment of any of the above, the plurality of receptacles, the at

least one autonomous robot, and the collection facility are located on a premises.
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COomprises a rout€ management module.

[0043] In an example embodiment of any of the above, the route management module is
configured to: receive, from the bin collection server, a schedule of staff; and generate, based on

the map of the premises and the schedule of staff, a route plan.

[0044] In an example embodiment of any of the above, the route management module is
configured to: receive, from the bin collection server: the location of the at least one autonomous
robot, the location of the plurality of receptacles which exceed the threshold, and the collection
instruction; generate, based on the location of the at least one autonomous robot, the location of
the plurality of receptacles which exceed the threshold, and the collection instruction, a
collection route for the at least one autonomous robot; the autonomous robot being further
configured to: receive the collection route from the bin collection server; and navigate and move,

using the plurality of robot sensors, along the collection route.

[0045] In an example embodiment of any of the above, the route management module is

a machine learning model.

[0046] In an example embodiment of any of the above, the system further comprises: at
least one waste container located in the collection facility; a visual sensor, located in the

collection facility; wherein the visual sensor is configured to: detect a fill level of the at least one



10

15

20

25

LUuTo | ALULLIU CAGUIPIC VIHUUGLLIVIL 13 @ HIVUIOU 1UL UIULULIUUSLY 1HALAgILE d Waste
collection system, the method comprising: detecting a fill level of each of a plurality of
receptacles, using a fill sensor located on an underside of a lid of each of the plurality of
receptacles, wherein each of the plurality of receptacles has a collection bin and a robot
engagement mechanism; receiving, by a bin collection server, the fill level of each of a plurality
of receptacles; determining, by the bin collection server, that at least one of the plurality of
receptacles has a respective fill level that exceeds a threshold; identifying, based on the at least
one of the plurality of receptacles has a respective fill level that exceeds a threshold, at least one
collection bin which exceeds the threshold; generating, by the bin collection server, a collection
instruction for the at least one collection bin which exceeds the threshold; sending, by the bin
collection server, the collection instruction to at least one autonomous robot, wherein the at least
one autonomous robot has a plurality of robot sensors, a motor and a bin engagement
mechanism; receiving, by the at least one autonomous robot, the collection instruction from the
bin collection server; determining, by the at least one autonomous robot, a collection path based
on the collection instruction; navigating the at least one autonomous robot along the collection
path to the at least one collection bin which exceeds the threshold, using the plurality of robot
sensors; engaging the bin engagement mechanism with a robot engagement mechanism of the at
least one collection bin which exceeds the threshold; collecting waste from the collection bin
which exceeds the threshold; determining, by the at least one autonomous robot, an emptying

path based on the collection instruction; navigating the at least one autonomous robot along the
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recycling collection system;

[0051] Figure 2A shows an isometric view of an example embodiment of the

autonomous robot and waste receptacle;

[0052] Figure 2B shows a top view of the example embodiment of the autonomous robot

and waste receptacle in Figure 2A;

[0053] Figure 2C shows a front view of the example embodiment of the waste receptacle
in Figure 2A;
[0054] Figure 2D shows a side view of the example embodiment of the autonomous

robot and waste receptacle in Figure 2A;

[0055] Figure 3A shows an isometric view of an example embodiment of the

autonomous robot and waste receptacle;

[0056] Figure 3B shows a top view of the example embodiment of the waste receptacle

in Figure 3A;

[0057] Figure 3C shows a front view of the example embodiment of the waste receptacle

in Figure 3A;

[0058] Figure 3D shows a side view of the example embodiment of the autonomous

robot and waste receptacle in Figure 3A;

10
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[0063] Figure 5A shows a top view of an example embodiment of the autonomous robot

and waste receptacle;

[0064] Figure 5B shows a front view of the example embodiment of the waste receptacle

in Figure 5A;

[0065] Figure 5C shows an isometric view of the example embodiment of the waste

receptacle in Figure 5A;

[0066] Figure 5D shows a side view of the example embodiment of the autonomous

robot and waste receptacle in Figure 5A;

[0067] Figure 6A shows a top view of an example embodiment of the autonomous robot

and waste receptacle;

[0068] Figure 6B shows an isometric view of the example embodiment of the waste

receptacle in Figure 6A;

[0069] Figure 6C shows a front view of the example embodiment of the waste receptacle

in Figure 6A;

[0070] Figure 4D shows a side view of the example embodiment of the autonomous

robot and waste receptacle in Figure 6A;
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[0075] Figure 8 shows a schematic diagram of an exemplary autonomous robot;
[0076] Figure 9 shows a flow diagram of a method for autonomous robotic waste
collection;

[0077] Similar reference numerals may have been used in different figures to denote

similar components.

DETAILED DESCRIPTION

[0078] Example embodiments relate to robotics for waste collection and management
within a premises. Example embodiments relate to systems for optimizing waste and recycling
collection in buildings, including monitoring fill levels of individual waste and recycling bins,

mapping the premises, generating routes for autonomous waste and recycling collection.

[0079] Figure 1 illustrates a system 10 for the autonomous robotic collection of waste
and recycling in a premises. The system includes a number of smart bins 100, a number of
autonomous robots 110, a bin collection server 112, and a collection facility 114. While the
configuration depicted in Figure 1 illustrates one autonomous robot 110 and three smart bins

100, the system 10 can include any number of autonomous robots 110 and smart bins 100.

[0080] Examples of the smart bins 100 can include a waste receptacle 102, a lid 104, a

fill sensor 106, and a collection bin 108. In some examples, the fill sensor 106 is integrated into
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conriguration ot Figure 1, the collection bin 1Usa ShOWSs a smart bin 1YU where the 111l sensor
106 would detect a 100% fill level and the collection bin 108b show an empty collection bin 108.
In some examples, the collection bins 108 can include a top cover, which allows the collection
bin 108 to be sealed when the collection bin 108 is removed from the waste receptacle 102 to

ensure that the waste remains in the collection bin 108 and to minimize any odours.

[0082] The fill sensor 106 can be installed on or integrated into the lid 104 in such a
position that allows the fill sensor to detect the fill level of the waste receptacle 102 on which

the fill sensor 106 is installed. The fill sensor 106 can detect the fill level of a smart bin 100 by
detecting the distance between the lid 104 and the bottom of the waste receptacle 102, or the
collection bin 108, which can vary depending on the amount of waste in the waste receptacle 102

or collection bin 108. In some examples, the fill sensor 106 is an infra-red distance sensor.

[0083] In some examples, the smart bin 100 can include additional sensors, such as
proximity sensors, visual sensors (such as cameras), location sensors or temperature sensors.
Such additional sensors can be integrated into the fill sensor 106 or may be separate components.
Proximity sensors, visual sensors and temperature sensors can allow the smart bin 100 to monitor
the surroundings of the waste receptacle. In some example embodiments, the smart bins 100 are
stationary and not moveable within the premises. In other example embodiments, the smart bins

100 are not stationary and can be moved to any location throughout the premises. In such
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some examples, the pOwWer source 1s a solar power source, such that the power source 1s capable
of powering itself using ambient solar energy. In other examples, the power source can include a
battery. In yet another example, the fill sensor 106 can be configured to detect a battery or charge

level of the power source.

[0085] The autonomous robot 110 can use a variety of sensors in order to navigate and
move throughout the premises, including proximity sensors, visual sensors (such as cameras) and
accelerometers. In some examples, the autonomous robot 110 has an integrated robot control
system 200 that maps and stores a map of the premises and can send this map to the bin
collection server 112. In an example embodiment, the autonomous robot 110 has a scale that is
configured to measure the mass of a load carried by the autonomous robot 110. In one example
embodiment, the autonomous robot 110 receives real-time data (which may for example include
information about distance, orientation, size, shape, and speed of a detected object) from the
variety of sensors and scale and compares that sensed data against known data stored in the bin
collection server 112 to identify the object and determine further attributes for the object. For
example, the autonomous robot 110, having been instructed to retrieve a collection bin 108, may
encounter objects such as pedestrians, furniture or other objects blocking its known path. In this
regard, the autonomous robot 110 can navigate throughout the premises and avoid any objects in

its path.
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collection MsIructions sent rom tne bin collection server 114, Upon recetving the collection
instruction, the autonomous robot 110 can navigate, using the variety of robot sensors,
throughout the premises to the smart bin(s) 100 that is has been instructed to collect. When the
autonomous robot 110 arrives at the indicated smart bin 100, the autonomous robot 110 can
retrieve the collection bin 108. In other examples, the autonomous robot 110 can be configured
to retrieve the waste receptacle 102 or the smart bin 100. Having collected the full collection bin
108, waste receptacle 102 or smart bin 100, the autonomous robot 110 can then navigate, using
the various robot sensors, to the collection facility 114, where the waste and/or recycling can be
deposited in the waste containers 116. In some examples, the entire collection bin 108 is picked
up by the autonomous robot 110 and moved to the collection facility 114. In other examples, the
autonomous robot 110 lifts the collection bin 108 and collects the waste and/or recycling from

the collection bin 108, and carries the waste and/or recycling to the collection facility 114.

[0088]

detecting of the fill sensors 106. The bin collection server 112 can be a cloud-based server. The

The bin collection server 112 is placed in a suitable area on the premises, for

system 10 illustrated in this example includes a cloud platform, which allows both the data stored
in the bin collection server 112 to be accessed and stored in various locations globally, for
example, using Global System for Mobile Communications (GSM), Bluetooth (R) Low
Emission (BLE), WIFI, ZIGBEE (R), SIGFOX (R), or LOng RAnge (LORA (R)).
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[UUYU | In some examples, the bIn collection server 112 communicates with the il
sensors 106, the collection facility camera 118 and the user equipment in a secured manner, for
example, via secured links. The bin collection server 112 may communicate with the user
equipment and fill sensors 106 via cellular communication, for example, notifying the system 10
to take certain action, such as collecting one or more of the collection bins 108 from the full
smart bins 100. The bin collection server 112 may provide a user interface, such as a web-portal,
API, analytics software or a dashboard for the user equipment to connect to and control the
system 10. The bin collection server 112 may include a memory for storing data from the fill
sensors 106, the user equipment, or the collection facility camera 118. The bin collection server
112 may also store software updates to the system 10 and notify the user equipment, for example
by using a flag to indicate that a software update is available. A user equipment may check the
status of the software or the flag for software update in the bin collection server 112. The bin
collection server 112 may also notify a user equipment with the sensed results from the system
10, for example, by emails or short messages. The user equipment may download the software
from the bin collection server 112 via a suitable communication modality over the Internet, for
example at M1 Long-Term Evolution (LTE), Narrowband Internet of Things (NB-10T), or

second Generation (2G) to fifth Generation (5G), or other wireless communication modalities.

[0091] By communicating with the user equipment, users are able to monitor various

aspects of the system 10, including the real-time fill levels of each smart bin 100; temperature of
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the fill sensor 106, indicating the distance to the bottom of the waste receptacle, and can then
convert that distance into a fill percentage such that users of the system have a better
understanding of the amount of waste in a smart bin 100. The bin collection server 112 can also
generate reports at various intervals (i.e. daily, weekly, monthly, annually etc.) and these reports
can include various information about the system including the total volume of waste generated
based on the day of the week (or year), time of day, type of waste etc.; most used smart bins 100;

staff efficiency; and missed waste pickups.

[0092] The bin collection server 112 is configured to communicate with the fill sensors
106 and the autonomous robots 110, for example, by sending commands to and by receiving the
sensed data from the autonomous robots 110 and the fill sensors 106. The bin collection server
112 can receive and store information from the fill sensors 106, such as a fill level or the
temperature of the corresponding smart bin 100. For example, in the example configuration
depicted in Figure 1, the fill sensors 106 would indicate that one smart bin 100 is empty, one
smart bin 100 is full (i.e. 100%) and another smart bin is approximately 90% full. The fill
sensors 106 can also detect other conditions of the smart bin 100, for example a bin ID (i.c. a
name, location, identification number etc.), a bin type (e.g. trash, paper recycling,
compost/organic materials, plastics recycling, glass and/or bottle recycling), the temperature of
the smart bin 100, the battery or charge level of the power source, or a signal strength from the

fill sensor 106 to the bin collection server 112.When the fill sensors 106 are configured to detect
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autonomous robot 1 1v. 1 he collection mstruction can melude the location ot the bin, the bin 1D,
the type of bin (e.g. trash, recycling, organic materials), and an instruction to collect the
collection bin 108 from the smart bin 100 and to bring the collection bin 108 to the collection
facility 114.

[0094] In some examples, the bin collection server 112 can instruct the autonomous
robots 110 to collect only collection bins 108 from smart bins 100 that have reached a 100% fill
level. The autonomous robot 110 can collect a single collection bin 108 or multiple collection
bins 108, which is a factor that the bin collection server 112 can consider when instructing the

autonomous robots 110 to collect collection bins 108.

[0095] In some examples, the bin collection server 112 includes a real time map of the
premises, which can be updated based on the information and data received from the fill sensors
106, the collection facility camera 118 and the autonomous robot 110. For example, the real time
map can include the real time location of each autonomous robot 110, the fill levels, bin IDs, bin
type etc. of each of the smart bins 100. The bin collection server 112 can generate a map of the
premises or the bin collection server 112 can use a known map of the premises as a starting point
in which the known map is then populated in real time with locations of the collection bins 108

and the autonomous robots 110, to generate the real time map. The map of the premises can be
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Inaicating that at least one smart bin 1UU was Tull and needed 10 be emptied. In such an example,
the bin collection server 112, using the route management module 120, can determine which
autonomous robot 110 is nearest to the smart bins 100 that must be emptied, determine an
efficient route for the autonomous robot 110 to take and send a collection instruction, including

the route, to the autonomous robot 110.

[0097] The machine learning model can include a neural network running on a
computing platform such as the bin collection server 112. Neural networks will be briefly
described in general terms. A neural network can include multiple layers of neurons, each neuron
receiving inputs from a previous layer, applying a set of weights to the inputs, and combining
these weighted inputs to generate an output, which can in turn be provided as input to one or
more neurons of a subsequent layer. The neural network is formed by joining a plurality of the
foregoing single neurons. In other words, an output from one neuron may be an input to another
neuron. An input of each neuron may be associated with a local receiving area of a previous
layer, to extract a feature of the local receiving area. The local receiving area may be an area

consisting of several neurons.

[0098] In order to generate the routes, the machine learning model needs to be trained
and tested. In the example of a neural network, training a neural network involves learning or

determining the appropriate weight values at different weight locations throughout the network.
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[0099] The route management module 120 can generate routes for both the autonomous
robots 110 and staff on the premises, for example, when the waste collection on the premises is
done by both autonomous robots 110 and staff. Each of the routes generated by the route
management module 120 can be added to the real-time map. By monitoring the routes on the
real-time map, newly filled collection bins 108 can be added to a route if the autonomous robot
110 has additional capacity to take an extra collection bin 108, or can alter the routes to include
such a newly filled collection bin 108. In another example, the bin collection server 112 may
receive a staff schedule, indicating the number and duties of waste management staff on the
premises at a given time. The route management module 120 can use the staff schedule to create
more efficient routes for either the staff, the autonomous robots 110 or both, to optimize the
scheduling of waste collection and to group staff and/or autonomous robots 110 for each route
generated. The routes generated by the route management module 120 can be included in the

collection instruction sent to the autonomous robot 110.

[00100] The autonomous robot 110 can include a navigation model 202, as depicted in
Figure 8. In some examples, the autonomous robot 110 includes a global positioning system
(GPS) sensor. The navigation model 202 can receive instructions from the bin collection server
112. For example, the bin collection server 112 can instruct the autonomous robot 110 to retrieve

a full collection bin 108 based on a bin ID associated with the collection bin 108. The
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[UU1U1 | In some examples tnere may be several aiirerent type ot bin types, such as trash,
paper recycling, organic materials etc. When there are several different types of bins, the route
management module 120 can determine the bins of a certain type that need to be emptied, and
can generate a route for one or more autonomous robots 110 to collect the bins of that type. The
route management module 120 can also consider other factors, such as the general location of the
smart bins 100 that must be collected, bin type, proximity of each smart bin 100 to the collection
facility(s) 114, temperature of the smart bins 100, proximity and number of autonomous robots
110 to the smart bins 100 that must be emptied, or the fill levels of nearby smart bins 100. For
example, in the configuration depicted in Figure 1, the route management module 120 may
generate a route that includes collecting the collection bin 108 from both the 100% full smart bin
100, and the 90% full smart bin 100, for example if the temperature of the 90% full bin has
surpassed a threshold, or if the route management module 120 predicts that the 90% full bin will
be 100% full shortly.

[00102] The bin collection server 112 can receive the fill level of the smart bin 100 and
the other conditions from the fill sensors 106. In some examples, the bin collection server 112
can include a wake up schedule, which can indicate the frequency or the times of day that the fill
levels of the smart bins 100 should be checked by their corresponding fill sensors 106. The wake
up schedule can be a pre-determined schedule, such as every other hour during a week day and

once a day on the weekends. In another example, a user can provide inputs for the wake up
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monitoring the rill Ievel and other conditions ol the smart bins 1Uv, the bin collection server 1 12
can monitor the waste collection system in real time and determine improvements such as more
efficient wake up schedules or more accurate the frequency at which the collection bins 108 are

retrieved by the autonomous robots 110.

[00104] A user can monitor the system 10 using the user equipment and make changes to
the system based on the information provided by the system. For example, if a certain floor of a
building produces a substantial amount of waste, the user can direct the bin collection server 112
to dedicate more staft and/or autonomous robots 110 to that floor. The user can also use the
information provided about the system 10 to make changes to the overall waste management
system. For example, it may become apparent that a certain floor or area of the premises requires
substantially more smart bins 100 for paper recycling than are currently present, allowing the

user to reconfigure the locations of the smart bins 100

[00105] In some examples, the bin collection server 112 uses distributed ledger
technologies, such as ETH, R3, Corda or IOTA. When using distributed ledgers, the bin
collection server 112 views the changing of a collection bin 108 in a smart bin 100 as a
transaction between the autonomous robot 110 and the user of the system (i.e. the owner of the

premises).
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1U¥a, can then navigate to the collection Iacility I 14. In some examples, the autonomous robots
110 can deposit the full collection bins 108a in the collection facility 114 to be emptied by waste
management staff into a waste container 116. In other examples, the collection facility 114 is
equipped to receive the full collection bins 108a, empty their contents into the corresponding
waste container 116 and place the now empty collection bins 108b in a location to be collected
by the autonomous robots 110 and replaced into the waste receptacles 102 of the smart bins 100.
In yet another example, the collection facility 114 can be equipped to automatically wash the

collection bins 108 after emptying their contents into the waste containers 116.

[00108] After the collection bins 108 have been emptied into the waste containers 116, the
empty collection bins 108b can be deposited in a location to be retrieved by autonomous robots
110 and returned to the smart bins 100. The collection instruction sent to the autonomous robots
110 from the bin collection server 112 can include an instruction to retrieve an empty collection
bin 108b and return the empty collection bin 108b to the smart bin(s) 100 that were just
collected, or to other smart bins 100 that are currently being emptied. The route management
module 120 can include replacing empty collection bins 108b into empty smart bins 100 in

addition to, or separate from, the collection of full collection bins 108a.

[00109] The collection facility 114 can have a collection facility camera 118. The

collection facility camera 118 can be directed to view the waste containers 116 in the collection
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proviae a more accurate 111l status o1 th€ wasic container 1 10.

[00111] The collection facility camera 118 is able to communicate with the bin collection
server 112, to send the fill status of the waste containers 116. In some examples, the bin
collection server 112, upon receiving the fill status of the waste containers 116, can dispatch the
appropriate waste collection company to come to the premises and collect the waste contained in
the waste container. For example, if the collection facility camera 118 detects that the waste
container 116 for collecting paper recycling is full, the bin collection server 112 can contact the
local entity responsible for paper recycling to come to the premises and empty the waste
container 116 for paper recycling. In another example, the bin collection server 112 can notify a
user, through their user equipment, that a waste container 116 is full and instruct the user to

contact the local waste collection entity.

[00112] Figures 2A, 2B, 2C, 2D, 3A, 3B, 3C, 3D, 4A, 4B, 4C, 4B, 5A, 5B, 5C, 5D, 6A,
6B, 6C, 6D, 7A, 7B, 7C, and 7D illustrate exemplary embodiments of the smart bin 100 and the

autonomous robot 110.

[00113] In some examples, such as those depicted in Figures 2A, 2B, 2C, 2D, 3A, 3B, 3C,
3D, 4A, 4B, 4C, and 4B, the autonomous robot 110 can have a bin engagement mechanism in the
form of at least one prong 124, extending outwards from one side of the autonomous robot 110.

In an example, the prong(s) 124 can generally be oriented horizontal to the ground, but may be
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upwards force on the collection bin 108, lifting the collection bin 108 from the waste receptacle
102 of the smart bin 100. In some examples, the autonomous robot 110, having lifted the
collection bin 108, can move backwards in a direction away from the smart bin 100 in order to
remove the collection bin 108 from the waste receptacle 102. In some examples, the collection
bin 108 and the waste receptacle 102 are integrated into a single component, such that when the
autonomous robot 110 retrieves the collection bin, the entire waste receptacle 102 is collected as
well. Having removed the collection bin 108 from the smart bin 100, the autonomous robot 110
can navigate throughout the premises while carrying the collection bin 108. The autonomous
robot 110 can also use the scale to determine the mass of the collection bin 108. The autonomous
robot 110 can have a predetermined load mass and once the mass of the load being carried by the
autonomous robot 110 (for example, the collection bin(s) 108 and the waste therein) exceeds the

predetermined load mass, the autonomous robot 110 can navigate to the collection facility 114.

[00114] In other examples, the autonomous robot 110 will have a bin engagement
mechanism that includes a gripping arm 128, as shown in Figures 5A, 5B, 5C, 5D, 6A, 6B, 6C,
and 6D. The gripping arm 128 can have at least two fingers 130 that the autonomous robot uses
to engage the collection bin 108. The gripping arm 128 can move in a variety of directions from
its attachment point on the autonomous robot 110. When an autonomous robot 110 has been
instructed to retrieve a collection bin 108 from a smart bin 100, the autonomous robot 110 can

approach the smart bin 100 from the front of the smart bin 100, with the gripping arm 128 facing
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[00115] In some examples, the autonomous robot 110 has a robot waste bin 132, as shown
in Figures 6A, 6B, 6C, and 6D. When the autonomous robot 110 has a robot waste bin 132, the
autonomous robot 110 does not need to lift and carry the full collection bin 108a to the collection
facility 114. Instead, the autonomous robot 110 can engage the bin engagement mechanism with
the robot engagement mechanism of the full collection bin 108a, lift the full collection bin 108a,
and deposit the waste contained in the full collection bin 108a into the robot waste bin 132. The
autonomous robot 110 can then return the now empty collection bin 108b to the waste receptacle
102. In some examples, the autonomous robot 110 can navigate to multiple smart bins 100 to
collect the waste from their respective collection bins 108 and detect when the robot waste bin
132 is full. For example, the autonomous robot 110 can use the scale to measure a mass of the
robot waste bin 132 and the waste therein, and determine whether the load mass has exceeded a
predetermined load mass. The autonomous robot 110 can then determine that the robot waste bin
132 is full, for example when the autonomous robot 110 detects a mass equal to or greater than
the predetermined load mass. When the robot waste bin 132 is full, the autonomous robot 110

can navigate to the collection facility 114 to deposit the waste,

[00116] When replacing an empty collection bin 108b in a smart bin 100, the autonomous
robot 110 can perform the reverse. The empty collection bin 108b can be raised up by the

autonomous robot 110 during transportation from the collection facility 114 to the smart bin 100.
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must be emptied. In other examples, the autonomous robot 110 does not have any additional
collection instructions, in which case the autonomous robot 110 can navigate itself back to the

docking station until the next collection instruction is received.

[00117] In some examples, the autonomous robot 110 has a single prong 124, as seen, for
example, in Figure 4A. In other examples, the autonomous robot may have several prongs 124,
as seen, for example, in Figure 2A and 3A. Similarly, the collection bin 108 may have a single
opening 122 for receiving the prong(s) 124, or may have several openings 122, corresponding to

each of the prong(s) 124, as can be seen, for example, in Figures 2A, 3A and 4A.

[00118] In some examples, the prong(s) 124 and the opening(s) 122 include magnets,
allowing the prong(s) 124 to magnetically connect with the collection bin 108 through the
opening(s) 122. By magnetically connecting the prong(s) 124 to the collection bin 108, the
autonomous robot 110 can maintain a more stable connection with the collection bin 108 while
navigating to the collection facility 114. In other examples, the autonomous robot 110 can use a
mechanical clasp to engage with the underside of the collection bin, in order to similarly stabilize
the collection bin 108 on the autonomous robot 110 while the collection bin 108is being taken to
the collection facility 114. In other examples, the prongs 124, openings 122 and collection bin

108 can include any other connection means that ensure the collection bin 108 is stabilized
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1U8.

[00120] In another example, the autonomous robot 110 is in the form of a humanoid robot,
as depicted in Figures 7A, 7B, 7C, and 7D. The humanoid autonomous robot 110 can navigate
throughout the premises by simulating a human walking and can grasp and lift the collection bins

108 by simulating a human carrying the collection bin 108.

[00121] Figure 8 illustrates the robot control system 200 for the autonomous robot 110.
The robot control system 200 can include a navigation model 202, a drive system 210 and
several sensors including a proximity sensor 212, a visual sensor 214, an accelerometer 218 and
a memory 220. The proximity sensor 212 can detect the proximity of the autonomous robot 110
to another object, for example walls, pedestrians, furniture, stairs, doors. The visual sensor 214
can include a camera for observing the environment surrounding the autonomous robot 110. The
robot control system 200 can also include additional sensors, such as a global positioning system
(GPS) sensor, or a local positioning system (LPS) sensor. Using the robot control system 200,

the bin collection server 112 can be in constant communication with the autonomous robot 110.

[00122] The robot control system 200 can use the navigation model 202 to determine,
modify and update the navigation path for the autonomous robot 110. In some examples, the
navigation model 202 is a machine learning model. The robot control system 200 can include a

reference dataset stored in the memory 220, that is obtained from the bin collection server 112,
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dataset. In some empodiments, the training dataset may be augmented with data obtained rrom
one or more of the robot sensors to improve location and orientation detection, mapping and

object detection.

[00124] The navigation model 202 can include a location and orientation module 204, a
mapping module 206 and an object detection module 208. The location and orientation module
204 can receive information from the various sensors in the robot control system 200 in order to
determine the real time location and orientation of the autonomous robot 110. The location and
orientation module 204 can continuously monitor the real time location and orientation of the
autonomous robot 110. In some examples, the robot control system 200 is configured to send the

real time location and orientation of the autonomous robot 110 to the bin collection server 112.

[00125] The navigation model 202 can also include a mapping module 206. The mapping
module 206 can receive a map of the premises from the bin collection server 112. The mapping
module 206 can use the map of the premises, in addition to the various sensors (such as the
proximity sensor 212, the visual sensor 214 and the accelerometer 216) in order to determine a
path for the autonomous robot 110 to move along. For example, if the autonomous robot receives
a collection instruction from the bin collection server 112 to collect a collection bin 108, the
mapping module 206 can be used to determine the most efficient, least obstructive route to that

collection bin 108.
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directs the autonomous robot 110 through a heavily trafficked area of the premises, the mapping
module 206 can modify the path to move through the area in the least trafficked section of that
area, or modify the path to take a longer, less trafficked route, for example around the periphery

of a room.

[00127] The mapping module 206 can also monitor the current location of the autonomous
robot 110 on the map of the premises and send updated location information to the bin collection
server 112. The mapping module 206 can also update the map of the premises stored in the bin
collection server 112 based on the sensed surroundings of the autonomous robot 110. For
example, if a piece of furniture has recently been moved on the premises, the autonomous robot
110 can detect the size, location and orientation of the piece of furniture using the location and
orientation module 204 and the object detection module 208 and send that information to the bin
collection server 112. By sending the updated information regarding a piece of furniture to the
bin collection server 112, the map of the premises maintained on the bin collection server 112

will remain up to date and future routes generated or modified can avoid any new obstructions.

[00128] The object detection module 208 allows the autonomous robot 110 to monitor its
surroundings and detect nearby objects. The object detection module 208 uses the various robot
sensors, including the proximity sensor 212, the visual sensor 214 and the accelerometer 218, to

detect the proximity to certain objects and identify the object. For example, the object detection
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autonomous robot 1 1V 10 move the autonomous robot I 1V along the various routes. For example,
when the autonomous robot 110 receives a collection instruction, the navigation module 202 can
determine the necessary movements in order to navigate along the necessary route and can
communicate such movements to the drive system 210. The autonomous robot 110 can then use
the drive system 210 to move to the desired location, for example to a full smart bin 100. The
drive system 210 can include drive wheels, drive motors, chassis and any additional components
that can assist the autonomous robot 110 in moving throughout the premises. In some examples,
the drive system 210 is configured to move the autonomous robot 110 at a consistent or pre-
determined speed. In other examples, the navigation model 202 can monitor the surroundings
and continuously determine an appropriate speed for the autonomous robot 110. For example, if
the autonomous robot 110 is moving and approaches a slow moving group of people that the
autonomous robot 110 cannot avoid by moving around, the navigation model 202 can modify

the speed to ensure no collision with the slow moving group of people.

[00130] Figure 9 illustrates a method 300 for autonomous robotic waste collection using
the system 10. At step 302, the fill sensor 106 of each of the smart bins 100 detects a fill level of
each of the collection bins 108. The fill levels may be in the form of a distance from the top of
the collection bin 108 to the fill sensor 106, or they may be converted to a percentage or other

format.
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[UU13Z] AT step 3U0, the bIn collection server 112 determines whether the 1ill levels any ot
the collection bins 108 have passed a threshold. For example, where the fill level has been
converted to a percentage, the threshold may be 90% or 100% or any other value that may be
pre-determined by the bin collection server 112 or set by a user of the system 10. In some
examples, the threshold value is the same for each collection bin 108 in the system 10. In other
examples, the threshold value may vary based on the bin type, location, sensed temperatures or
other characteristics. For example, organic waste bins may generate more odours if left partially
filled and thus may need to be emptied more frequently than other bin types, such as paper
recycling, In this regard, the bin collection server 112 may have a lower threshold value for
organic waste collection bins 108 in order to ensure that the organic waste collection bins 108 are

collected more frequently.

[00133] In another example, the bin collection server 112 can be configured to receive the
temperature of a smart bin 100 and its surroundings and, based on that temperature, alter the
threshold value. For example, if a smart bin 100 is in a location on the premises with a higher
temperature, the bin collection server 112 can identify when the temperature of the smart bin 100
is too high such that the bin should be emptied immediately to avoid odours. In this case, the bin
collection server 112 can lower the threshold value to ensure that the collectable bin 108 is

emptied sooner.
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included in the collection instruction.

[00135] At steps 312, the bin collection server 112 sends the collection instruction to the
autonomous robot 110 which receives the collection instruction at step 314. Using the collection
instruction, the autonomous robot 110 can determine a path to the full collection bin(s) 108a,
using the robot control system 200. In some examples, the path can be included in the collection
instruction based on the route generated by the bin collection server 112. When the route is
included in the collection instruction, the autonomous robot 110 can be configured to follow that
route and only alter the path when necessary, for example, when an object is detected as
obstructing the path. In other examples, the robot control system 200 can receive the map of the

premises and determine the path using the navigation model 202.

[00136] Having determined the path to take, the autonomous robot then navigates to the
full collection bin(s) 108a using the drive system 210 at step 318. Once the autonomous robot
110 arrives at a full collection bin 108a, the autonomous robot 110 is configured engage the bin
engagement mechanism with the robot engagement mechanism of the full collection bin 108a,
as discussed in relation to Figures 2A, 2B, 2C, 2D, 3A, 3B, 3C, 3D, 4A, 4B, 4C, 4D, 5A, 5B, 5C,
5D, 6A, 6B, 6C, 6D, 7A, 7B, 7C, and 7D, at step 320. This step may include inserting the prong

124 into the openings 122 of the collection bin 108. In other examples, this step includes
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while carrying the Tull collection bin 1usa. In some examples, the autonomous robot 11U collects
the waste by carrying the collection bin 108 to the collection facility 114. In other examples, the
autonomous robot 110 will collect the waste contained within the collection bin 108 into the
robot waste bin 132 and return the empty collection bin 108b to the waste receptacle 102 of the

smart bin 100

[00138] At step 324, the robot control system 200 determines an emptying path. The
emptying path may be included in the collection instruction sent from the bin collection server
112 or the robot control system 200 can determine the emptying path based on the sensed
environment, the map of the premises and other information. For example, there may be several
bin collection facilities 114 in a premises, and the robot control system 200 can determine the
optimal collection facility 114 to navigate to. In some examples, the bin collection server 112
can detect a fill status of the waste containers 116 in the various bin collection facilities 114 and
send the fill statuses to the autonomous robots 110. Based on the fill statuses, the robot control
system 200 may determine that the nearest or most convenient collection facility 114 is full and
thus can determine an emptying path to the next nearest or most conveniently located collection
facility 114. In some examples, there can be several collection facilities 114 to include in the
emptying path, for example if the autonomous robot 110 is carrying an organic waste collection

bin 108 and a paper recycling collection bin 108, there may be two different collection facilities
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the autonomous robot 110 can deposit the waste in the collection facility. In some examples, the
autonomous robot 110 will deposit the full collection bin(s) 108a in the collection facility 114.
The autonomous robot 110 deposits the full collection bin(s) 108a by lowering the prongs 124
while still inserted into the openings 122, and then removing the prongs 124 from the openings
122. Where the collection bin 108 includes a mechanical clasp, the mechanical clasp can remain
engaged while the autonomous robot 110 lower the prongs 124, and disengage the mechanical
clasp once the prongs 124 have been fully lowered. In other examples, the autonomous robot 110
has a gripping arm 128 that can lower the collection bin 108 in a similar manner to the prongs
124, and then disengage the gripping arm 128 from the collection bin 108 by releasing the
gripping force applied by the fingers 130 and moving the fingers 130 away from the collection
bin 108. In other examples, the autonomous robot 110 will empty the waste from the robot waste

bin 132 into the waste containers 116 in the collection facility 114.

[00141] The above discussed embodiments are considered to be illustrative and not
restrictive. Example embodiments described as methods would similarly apply to systems, and

vice-versa.

[00142] The various embodiments presented above are merely examples and are in no way
meant to limit the scope of this disclosure. Variations of the innovations described herein will be

apparent to persons of ordinary skill in the art, such variations being within the intended scope of
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receptacles and is configured to:
receive a respective fill level from each of the fill sensors;
determine that at least one collection bin has a respective fill level that exceeds a
threshold;
generate a collection instruction for the at least one collection bin that exceeds the
threshold;
send the collection instruction to the at least one autonomous robot;
wherein the at least one autonomous robot is configured to:
receive the collection instruction from the bin collection server;
navigate, using the plurality of robot sensors, to the at least one collection bin that
exceeds the threshold;
engage the bin engagement mechanism with a respective robot engagement
mechanism of the collection bin that exceeds the threshold;
collect waste from the collection bin that exceeds the threshold;
navigate, using the plurality of robot sensors, to a collection facility while
carrying the waste; and

deposit the waste in the collection facility.

2. The system of claim 1, wherein the autonomous robot is further configured to collect the

waste by lifting, using the bin engagement mechanism, the respective collection bin;
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deposit the waste by emptying the robot waste bin in a waste container located in the

collection facility.

4. The system of claim 1, wherein the bin collection server is further configured to:
identify at least one of a plurality of empty receptacles;
generate a replacement instruction for each of the at least one of the plurality of empty
receptacles;
send the replacement instruction to the autonomous robot;
wherein the collection facility has a plurality of empty collection bins;
wherein the autonomous robot is further configured to:
navigate, using the plurality of robot sensors, to the collection facility;
engage the bin engagement mechanism with the robot engagement mechanism of at least
one of the plurality of empty collection bins;
lift, using the bin engagement mechanism, the at least one of the plurality of empty
collection bins;
navigate, using the plurality of robot sensors, to the at least one of the plurality of empty
receptacles; and
insert an empty collection bin into each of the at least one of the plurality of empty

receptacles.
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9. The system of claim 1, wherein the fill sensor is an infra-red distance sensor.

10.  The system of claim 1, wherein each fill sensor detects the fill level of the corresponding
10  receptacle by measuring a distance from a top of an interior of the collection bin to a bottom of

the interior of the collection bin.

11.  The system of claim 1, wherein each of the fill sensors is connected to a power source
and is configured to remain disconnected from the power source;
the bin collection server is further configured to:
15 send a wake up notification to each of the fill sensors; and
each of the fill sensors is further configured to:
receive the wake up notification;
connect to the power source;
detect the fill level of each of the plurality of receptacles; and

20 send the fill level to the bin collection server.

12.  The system of claim 11, wherein the bin collection server is configured to send the wake

up notification based on a pre-determined schedule.

13.  The system of claim 11, wherein the power source includes a battery; and

the fill sensor is configured to send a battery level to the bin collection server.
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the bin collection server being further configured to:
generate a docking instruction;
the autonomous robot being further configured to:
receive, from the bin collection sever, the docking instruction; and

navigate and move, using the plurality of robot sensors, to the docking station.

18.  The system of claim 17 wherein the bin collection server is further configured generate
the docking instruction after receiving, from the at least one autonomous robot, a power status of

the at least one autonomous robot.

19.  The system of claim 1, wherein the bin collection server is further configured to convert

the fill level to a fill percentage.

20.  The system of claim 1, wherein the fill sensor is further configured to detect a

temperature of each receptacle.
21.  The system of claim 1, wherein the fill sensor is integrated into the lid.

22. The system of claim 1, wherein the fill sensor is an individual component, the fill sensor

being configured to attached to the lid.

23.  The system of claim 1, wherein the robot engagement mechanism comprises at least one

opening in a bottom of an exterior of the collectible bin;
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mechanical clasp is configured to grasp the at least one prong.

25.  The system of claim 23, wherein the robot engagement mechanism further comprises a
magnet; and
wherein when the at least one prong is inserted into the at least one opening, the robot

engagement mechanism magnetically connects to the at least one prong.

26.  The system of claim 1, wherein the bin engagement mechanism is a gripping arm with at
least two fingers; and
wherein the bin engagement mechanism engages the robot engagement mechanism by:
positioning the at least two fingers on opposing sides of the collection bin; and
closing the gripping arm by moving the at least two fingers towards the collection
bin.
27. The system of claim 1, wherein the at least one autonomous robot is a humanoid robot;

the bin engagement mechanism includes a robot arm on opposing sides of the humanoid

robot;
wherein the bin engagement mechanism engages the robot engagement mechanism by:
positioning the robot arms on opposing sides of the collection bin; and
grasping the collection bin by moving the robot arms towards the collection bin.
28. The system of claim 1, wherein the bin collection server is further configured to receive

the fill level of each of the plurality of receptacles at pre-determined intervals.
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of'the at least one autonomous robot;
receive, from the fill sensor and the plurality of robot sensors, a location update
10 for the plurality of receptacles and the autonomous robot;
receive, from each of the fill sensors, a new fill level; and

update the map of the premises based on the location update.

32.  The system of claim 31, wherein the bin collection server further comprises a route

management module.

15 33. The system of claim 32, wherein the route management module is configured to:
receive, from the bin collection server, a schedule of staff; and

generate, based on the map of the premises and the schedule of staff, a route plan.

34. The system of claim 32, wherein the route management module is configured to:
receive, from the bin collection server: the location of the at least one autonomous robot,
20  the location of the plurality of receptacles which exceed the threshold, and the collection
instruction;
generate, based on the location of the at least one autonomous robot, the location of the
plurality of receptacles which exceed the threshold, and the collection instruction, a collection
route for the at least one autonomous robot;
25 the autonomous robot being further configured to:

receive the collection route from the bin collection server; and
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detect a fill level of the at least one waste container;
the bin collection server being further configured to:

receive, from the visual sensor; the fill level of the at least one waste container;
and

determine, based on the fill level of the at least one waste container, a collection

status of the at least one waste container.

The system of claim 36, wherein the bin collection server is further configured to:
determine, based on the collection status, a waste collection company
corresponding to the at least one waste container; and

contact the waste collection company.

A method for autonomously managing a waste collection system, the method comprising:

detecting a fill level of each of a plurality of receptacles, using a fill sensor located on an

20  underside of a lid of each of the plurality of receptacles, wherein each of the plurality of

receptacles has a collection bin and a robot engagement mechanism;

receiving, by a bin collection server, the fill level of each of a plurality of receptacles;

determining, by the bin collection server, that at least one of the plurality of receptacles

has a respective fill level that exceeds a threshold;

25

identifying, based on the at least one of the plurality of receptacles has a respective fill

level that exceeds a threshold, at least one collection bin which exceeds the threshold;
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collection instruction;

navigating the at least one autonomous robot along the collection path to the at least one
collection bin which exceeds the threshold, using the plurality of robot sensors;

engaging the bin engagement mechanism with a robot engagement mechanism of the at
least one collection bin which exceeds the threshold;

collecting waste from the collection bin which exceeds the threshold;

determining, by the at least one autonomous robot, an emptying path based on the
collection instruction;

navigating the at least one autonomous robot along the emptying path, to a collection
facility, using the plurality of robot sensors; and

depositing the waste in the collection facility.
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the robot engagement mechanism; lifts the collection bin; navigates to the collection facility; and

10  deposits the collection bin in the collection facility.
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