Claims

An apparatus of route planning for package pickup and delivery, comprising:
a memory storing instructions; and
at least one processor configured to execute the instructions to:

receive predetermined locations in a geographic region and data
representing a predetermined route connecting the predetermined

locations;

determine unit areas in the geographic region based on sequential
nearness of the predetermined locations along the predetermined
route, wherein the unit areas comprise a first unit area and a
second unit area, and the unit areas are configured such that all
locations in the first unit area are to be visited before visiting
locations of the second unit area;

determine, for each of the unit areas, a vector representation of the unit
area by applying a graph embedding technique to addresses of

locations in the unit area;

determine training delivery patterns for unit areas covering the
predetermined locations, wherein each training delivery pattern
comprises at least one of the unit areas ordered in a visiting

sequence;

determine a vector representation of each training delivery pattern by
adding vector representations of the at least one of the unit areas in
the training delivery pattern;

determine a score for each training delivery pattern by inputting the vector
representation of each training delivery pattern into a second

machine learning model, wherein the score indicates an efficiency
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level for visiting the at least one of the unit areas along the visiting

sequence;

update parameters of the second machine learning model based on a
determination that the visiting sequence is inconsistent with the
predetermined route;

determine the second machine learning model for generating the delivery
patterns based on a determination that the visiting sequences of all
of the training delivery patterns are consistent with the
predetermined route;

generate delivery patterns for determining a route connecting at least one
of the unit areas, wherein each delivery pattern comprises at least
one of the unit areas associated with a visiting sequence;

in response to receiving task data comprising target locations to visit,
determine a target route for visiting the target locations using the
delivery patterns and the task data; and

send the target route to a mobile apparatus.

The apparatus of claim 1, wherein the at least one processor configured to
execute the instructions to determine the unit areas in the geographic region
based on the sequential nearness of the predetermined locations along the

predetermined route is further configured to execute the instructions to:
receive deliverable locations in the geographic region;

determine a location vector for each of the deliverable locations using a
second machine learning model, wherein a distance between two
location vectors indicates sequential nearness of two locations

corresponding to the two location vectors along a delivery route;
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determine, for each of the deliverable locations, a feature vector

comprising the location vector and location attributes of the
deliverable location; and

determine the unit areas by grouping the deliverable locations based on
distances between the feature vectors, wherein distances between
feature vectors of deliverable locations grouped into a unit area are
within a predetermined threshold value.

The apparatus of claim 2, wherein the location attributes comprise at least one of
a geographic coordinate, a number of a building, a name of an area, a name of a
road, or a postal code.

The apparatus of claim 2, wherein the second machine learning model comprises

a neural network model, and the at least one processor is further configured to
execute the instructions to:

determine location vectors for each of the predetermined locations,
wherein an element of a location vector comprises an attribute of
an address of each of the predetermined locations;

determine probability values for a current location of the predetermined
locations by inputting a location vector of the current location into
the neural network model, wherein each probability value
corresponds to one of the predetermined locations and indicates a
probability of the one of the predetermined location being visited
immediately following the current location;

determine whether a subsequent location immediately following the

current location along the predetermined route corresponds to the
highest probability value;
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update parameters of the neural network model based on a determination
that the subsequent location does not correspond to the highest
probability value; and

determine probability values for the subsequent location by inputting a
location vector of the subsequent location into the neural network
model based on a determination that the subsequent location
corresponds to the highest probability value.

The apparatus of claim 4, wherein the at least one processor is further configured
to execute the instructions to:

determine the neural network model for determining the location vector for
each of the deliverable locations based on a determination that a
location following each of the predetermined locations along the
predetermined route corresponds to the highest probability value in
probability values determined by the neural network model for each
of the predetermined locations.

The apparatus of claim 1, wherein the first machine learning model comprises a
neural network model, and the at least one processor configured to generate the
delivery patterns is further configured to execute the instructions to:

determine candidate delivery patterns using the unit areas, wherein each
candidate delivery pattern comprises at least one of the unit areas

ordered in a visiting sequence;

determine a vector representation of each candidate delivery pattern by
adding vector representations of the at least one of the unit areas in

the candidate delivery pattern;

determine a score for each candidate delivery pattern by inputting the
vector representation of each candidate delivery pattern into the

first machine learning model; and
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generate the delivery patterns as the candidate delivery patterns having
scores higher than a predetermined threshold value.

The apparatus of claim 1, wherein the at least one processor is further configured
to execute the instructions to:

receive the task data comprising the target locations to visit;
determine target unit areas as unit areas covering the target locations; and

determine the target route linking the target unit areas, wherein each

target unit area is to be visited for once along the target route.

The apparatus of claim 7, wherein the first machine learning model comprises a
neural network model, and the at least one processor configured to determine

the target route linking the target unit areas is further configured to execute the
instructions to:

determine at least one set of feasible delivery patterns linking the target
unit areas; and

determine the target route as a feasible delivery pattern having the
shortest time for visiting all of the target unit areas.

A computer-implemented method of route planning for package pickup and
delivery, comprising:

receiving predetermined locations in a geographic region and data
representing a predetermined route connecting the predetermined
locations;

determining, by at least one processor, unit areas in the geographic region
based on sequential nearness of the predetermined locations along

the predetermined route, wherein the unit areas comprise a first
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unit area and a second unit area, and the unit areas are configured
such that all locations in the first unit area are to be visited before
visiting locations of the second unit area;

determining, by the at least one processor, for each of the unit areas, a
vector representation of the unit area by applying a graph
embedding technique to addresses of locations in the unit area;

determining, by the at least one processor, training delivery patterns for
unit areas covering the predetermined locations, wherein each
training delivery pattern comprises at least one of the unit areas

ordered in a visiting sequence;

determining, by the at least one processor, a vector representation of each
training delivery pattern by adding vector representations of the at

least one of the unit areas in the training delivery pattern;

determining, by the at least one processor, a score for each training
delivery pattern by inputting the vector representation of each
training delivery pattern into a second machine learning model,
wherein the score indicates an efficiency level for visiting the at

least one of the unit areas along the visiting sequence;

updating, by the at least one processor, parameters of the second
machine learning model based on a determination that the visiting

sequence is inconsistent with the predetermined route;

determining, by the at least one processor, the second machine learning
model for generating the delivery patterns based on a
determination that the visiting sequences of all of the training
delivery patterns are consistent with the predetermined route;

generating, by the at least one processor, delivery patterns for determining
a route connecting at least one of the unit areas, wherein each
delivery pattern comprises at least one of the unit areas associated

with a visiting sequence;
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in response to receiving task data comprising target locations to visit,
determining, by the at least one processor, a target route for visiting
the target locations using the delivery patterns and the task data;
and

sending the target route to a mobile apparatus.

10.  The computer-implemented method of claim 9, wherein determining the unit
areas in the geographic region based on the sequential nearness of the

predetermined locations along the predetermined route comprises:
receiving deliverable locations in the geographic region;

determining a location vector for each of the deliverable locations using a
second machine learning model, wherein a distance between two
location vectors indicates sequential nearness of two locations
corresponding to the two location vectors along a delivery route;

determining, for each of the deliverable locations, a feature vector
comprising the location vector and location attributes of the

deliverable location; and

determining the unit areas by grouping the deliverable locations based on
distances between the feature vectors, wherein distances between
feature vectors of deliverable locations grouped into a unit area are

within a predetermined threshold value.

11.  The computer-implemented method of claim 10, wherein the location attributes
comprise at least one of a geographic coordinate, a number of a building, a name
of an area, a name of a road, or a postal code.
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12.  The computer-implemented method of claim 10, wherein the second machine
learning model comprises a neural network model, and the method further

comprises:

determining location vectors for each of the predetermined locations,
wherein an element of a location vector comprises an attribute of

an address of each of the predetermined locations;

determining probability values for a current location of the predetermined
locations by inputting a location vector of the current location into
the neural network model, wherein each probability value
corresponds to one of the predetermined locations and indicates a
probability of the one of the predetermined location being visited

immediately following the current location;

determining whether a subsequent location immediately following the
current location along the predetermined route corresponds to a

highest probability value;

updating parameters of the neural network model based on a
determination that the subsequent location does not correspond to
the highest probability value; and

determining probability values for the subsequent location by inputting a
location vector of the subsequent location into the neural network
model based on a determination that the subsequent location
corresponds to the highest probability value.

13.  The computer-implemented method of claim 12, further comprising:

determining the neural network model for determining the location vector
for each of the deliverable locations based on a determination that
a location following each of the predetermined locations along the

predetermined route corresponds to the highest probability value in
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probability values determined by the neural network model for each
of the predetermined locations.

14.  The computer-implemented method of claim 9, wherein each training delivery

pattern comprises at most three unit areas.

15.  The computer-implemented method of claim 9, wherein the first machine learning
model comprises a neural network model, and generating the delivery patterns
comprises:

determining candidate delivery patterns using the unit areas, wherein each
candidate delivery pattern comprises at least one of the unit areas
ordered in a visiting sequence;

determining a vector representation of each candidate delivery pattern by
adding vector representations of the at least one of the unit areas in

the candidate delivery pattern;

determining a score for each candidate delivery pattern by inputting the
vector representation of each candidate delivery pattern into the
first machine learning model; and

generating the delivery patterns as the candidate delivery patterns having
scores higher than a predetermined threshold value.

16.  The computer-implemented method of claim 10, further comprising:
receiving the task data comprising the target locations to visit;

determining target unit areas as unit areas covering the target locations;
and

determining the target route linking the target unit areas, wherein each

target unit area is to be visited for once along the target route.
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17.  The computer-implemented method of claim 16, wherein determining the target

route linking the target unit areas comprises:

determining at least one set of feasible delivery patterns linking the target

unit areas; and

determining the target route as a feasible delivery pattern having the
shortest time for visiting all of the target unit areas.

18. A system of route planning for package pickup and delivery, comprising at least
one mobile apparatus and a route planning computer system,

the at least one mobile apparatus comprising:
a memory storing instructions; and
at least one processor configured to execute the instructions to:

determine location data indicative of a location of the mobile

apparatus; and
send the location data to the route planning computer system; and

the route planning computer system, being coupled to the at least one

mobile apparatus using a network, comprising:

a memory storing instructions; and

at least one processor configured to execute the instructions to:
receive, from the at least one mobile apparatus, the location data;

select, from the location data, template locations in a geographic
region and data representing a template route connecting
the template locations;

determine unit areas in the geographic region based on sequential
nearness of the template locations along the template route,

wherein the unit areas comprise a first unit area and a
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second unit area, and the unit areas are configured such that
all locations in the first unit area are to be visited before

visiting locations of the second unit area;

determine, for each of the unit areas, a vector representation of the
unit area by applying a graph embedding technique to
addresses of locations in the unit area;

determine training delivery patterns for unit areas covering the
predetermined locations, wherein each training delivery
pattern comprises at least one of the unit areas ordered in a

visiting sequence;

determine a vector representation of each training delivery pattern
by adding vector representations of the at least one of the

unit areas in the training delivery pattern;

determine a score for each training delivery pattern by inputting the
vector representation of each training delivery pattern into a
second machine learning model, wherein the score indicates
an efficiency level for visiting the at least one of the unit
areas along the visiting sequence;

update parameters of the second machine learning model based on
a determination that the visiting sequence is inconsistent

with the predetermined route;

determine the second machine learning model for generating
the delivery patterns based on a determination that
the visiting sequences of all of the training delivery
patterns are consistent with the predetermined route;

generate delivery patterns for determining a route connecting at
least one of the unit areas, wherein each delivery pattern
comprises at least one of the unit areas associated with a
visiting sequence;
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receive, from the at least one mobile apparatus, task data
comprising target locations to visit;

determine a target route for visiting the target locations using the
delivery patterns and the task data; and

send the target route to the at least one mobile apparatus.
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