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SYSTEM AND METHOD FOR PROVIDING 
TOTAL LOGISTIC USING DRONE 

FIELD 

[ 0001 ] The present invention relates to a total logistics 
operation system and method using drone , and more par 
ticularly , to a total logistics operation system using drone , 
where drone technology is combined in a logistics system 
that uses an existing vehicle so as to flexibly respond to new 
changes in logistics , and a method thereof . 

BACKGROUND 

[ 0002 ] Due to the spread of the Internet and smart phones , 
the Internet and mobile markets continue to grow . This 
growth has increased the volume of deliveries rapidly . Thus , 
it became necessary for delivery companies to deal with the 
rapidly increasing delivery volume and secure competitive 
ness through fast delivery . However , in the case of the 
currently used land delivery , due to limited road conditions 
and congestion caused by increase of vehicles , it is difficult 
to secure future competitiveness . 
[ 0003 ] In order to solve these problems , numerous studies 
are being conducted , which can be divided into two 
approaches as follows . First approach is to utilize new 
technology . Studies are being conducted to overcome the 
limitations on operation time or the external environment 
while saving labor costs by utilizing unmanned technologies 
such as drones or autonomous cars . In particular , drone 
related technology has achieved dramatic growth since 
Amazon officially provided a vision for drone delivery in 
2013 and limited commercialization is in progress . Drones 
are cheaper to operate and do not require labor costs , so they 
can run 24 hours a day . And since delivery objects can be 
transported by air , additional volume can be processed 
without affecting the existing logistics system . Further , since 
it overcomes the fundamental limitations of land transpor 
tation - based delivery services such as road congestion , 
stable and fast delivery services can be expected . However , 
due to the technical limitations of drones , there are restric 
tions on the volume or weight of deliveries , and since 
restrictions on the flight distance and flight time also need to 
be considered , studies are focusing on improving the flight 
efficiency and battery performance . In addition , research is 
underway to overcome drone distance or battery limitations 
by utilizing additional vehicles or other drone facilities . The 
second approach is about developing algorithms and sys 
tems for efficient logistics management using optimized and 
mathematical methods . Most transportation companies try to 
solve the problem by adopting a total management system 
that considers the customer's demand and cost of transpor 
tation , and various models are being actively developed to 
minimize the cost . However , due to the complex situation in 
which numerous decisions are made at the same time , the 
situation is mainly solved through practical experience or 
know - how rather than through theoretical aspects . 

[ 0006 ] Another purpose of the present disclosure is to 
provide a total logistics operation system and method using 
drone , that determines whether a drone's delivery model and 
a vehicle's delivery model can be built separately for a drone 
station , and that builds a delivery model according to the 
result . 
[ 0007 ] Another purpose of the present disclosure is to 
provide a total logistics operation system and method using 
drone , that visualizes the analysis result of the delivery 
model that minimizes the time for finishing the delivery . 
[ 0008 ] Another purpose of the present disclosure is to 
provide a total logistics operation system and method using 
drone , that visualizes an analysis result of a delivery model 
that minimizes the time that delivery finishes . 
[ 0009 ] A total logistics operation system using drone 
according to an embodiment of the present disclosure for 
achieving the aforementioned purposes , is characterized to 
include a delivery information inputter that receives input of 
delivery information that includes location information of 
customers to receive delivery objects , information of the 
delivery objects , information of delivery means for deliver 
ing the delivery objects , logistics center information and 
drone station information ; a delivery model division deter 
miner that extracts , from the input delivery information , 
location information of the customer located in an area 
where drone delivery can be made , speed information of a 
vehicle and a drone , and location information of the logistics 
center and the drone station , and that uses the extracted 
information to determine whether division building of a 
drone delivery model of using the drone only is possible ; and 
a delivery model builder that , depending on a result of 
determining whether division of delivery model is possible , 
builds a delivery model that includes any one of a mixed 
delivery model for numerous drones and numerous vehicles , 
the drone delivery model for numerous drones , and a vehicle 
delivery model for numerous vehicles . 
[ 0010 ] The information of the delivery objects may 
include at least one of size , volume and weight information 
of the delivery object . 
[ 0011 ] The information of delivery means may include the 
speed information of the vehicle and the drone . 
[ 0012 ] The logistics center information may include the 
location information of the logistics center and number of 
vehicles in each logistics center . 
[ 0013 ] The drone station information may include the 
location information of the drone station and number of 
drones in each drone station . 
[ 0014 ] The delivery model division determiner may deter 
mine whether division of delivery model is possible depend 
ing on whether the drone of the drone station can deliver all 
the objects that must be delivered from the corresponding 
drone station to the customers within a time when the 
vehicle travels between the corresponding drone station and 
the logistics center . 
[ 0015 ] The delivery model division determiner may 
include a customer location determiner that determines the 
location information of the customer located the farthest 
from the drone station , of the customers located in the area 
where drone delivery can be made ; a speed determiner that 
determines the speed information of the vehicle and the 
drone ; a drone station location determiner that determines 
the location information between the logistics center and the 
drone station ; and a model division determiner that deter 
mines whether division of delivery model is possible based 

SUMMARY 

[ 0004 ] Therefore , the present disclosure has been invented 
to resolve the problems described above . 
[ 0005 ] A purpose of the present disclosure is to provide a 
total logistics operation system and method using drone , that 
uses a drone station where drones can be charged and 
supplied . 
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on the location information of the customer located the 
farthest , the speed information of the vehicle and the drone , 
and the location information between the logistics center and 
the drone station . 
[ 0016 ] The model division determiner may determine that 
division of delivery model is possible when the number of 
drones in the drone station is 

a . To , [ 11/12 Omax s 
or more , and T5,022 Tse , la is satisfied , and may determine 
that division of delivery model is impossible when the 
number of drones in the drone station is 

a . TO , [ 11 / [ 2.4 Tomax , s 
or more , and T5,022 Tsenla is not satisfied . Here , N is the 
number of customers to whom delivery can be made from 
each drone station of all the customers , a is a speed ratio of 
the drone and the vehicle ( drone speed / vehicle speed ) , To , s is 
a time it takes for the vehicle to travel between the logistics 
center and an individual drone station , and ts , Cmax is a time 
it takes for the vehicle to travel from the drone station to the 
customer located the farthest . 
[ 0017 ] The drone station location determiner may deter 
mine a distance from the logistics center to each drone 
station , and the model division determiner may sequentially 
determine whether division of delivery model is possible 
starting from the drone station located the farthest to the 
drone station located the closest from the logistics center . 
[ 0018 ] Further , when it is determined that division of 
delivery model is impossible for one drone station of numer 
ous drone stations , the model division determiner may 
determine that division of delivery model is impossible for 
the drone station from which a distance to the logistics 
center is shorter than a distance between the one drone 
station and the logistics center , without a separate determi 

delivery objects , information of delivery means for deliver 
ing the delivery objects , logistics center information and 
drone station information . 
[ 0023 ] The determining whether division building of a 
drone delivery model is possible is a step of extracting , by 
a delivery model division determiner , from the input deliv 
ery information , location information of the customer 
located in an area where drone delivery can be made , speed 
information of a vehicle and a drone , and location informa 
tion of the logistics center and the drone station , and using 
the extracted information , determining whether division 
building of a drone delivery model of using the drone only 
is possible . 
[ 0024 ] The building a delivery model is a step of building , 
by a delivery model builder , depending on a result of 
determining whether division building of the delivery model 
is possible , a delivery model that includes at least one of a 
mixed delivery model for numerous drones and numerous 
vehicles , the drone delivery model for numerous drones , and 
a vehicle delivery model for numerous vehicles . 
[ 0025 ] The determining whether division of delivery 
model is possible determines whether division of delivery 
model is possible depending on whether the drone of the 
drone station can deliver all the objects that must be deliv 
ered from the corresponding drone station to the customers 
within a time when the vehicle travels from the drone station 
to the logistics center . 
[ 0026 ] The determining whether division of delivery 
model is possible may include determining the location 
information of the customer located the farthest from the 
drone station , of the customers located in the area where 
drone delivery can be made ; determining the speed infor 
mation of the vehicle and the drone ; determining the loca 
tion information between the logistics center and the drone 
station ; and determining whether division of delivery model 
is possible based on the location information of the customer 
located the farthest , the speed information of the vehicle and 
the drone , and the location information between the logistics 
center and the drone station . 
[ 0027 ] The determining whether division of delivery 
model is possible may determine that division of delivery 
model is possible when the number of drones in the drone 
station is nation process . 

a TO , 

omax , 

or more , and T. , 022 ts.e , la is satisfied , and determine that 
division of delivery model is impossible when the number of 
drones in the drone station is 

[ 0019 ] The delivery model builder may build the drone 
delivery model for the drone station for which it is deter 
mined that division of delivery model is possible , and build 
the mixed delivery model for the rest of the drone stations . 
[ 0020 ] Further , the total logistics operation system using 
drone according to an embodiment of the present disclosure 
may further include a result outputter that visualizes and 
outputs optimal route information and shortest time infor 
mation of the vehicle and the drone as a result of the built 
delivery model . 
[ 0021 ] A total logistics operation method using drone 
according to an embodiment of the present disclosure may 
include receiving input of delivery information , determining 
whether division building of a drone delivery model is 
possible , and building a delivery model . 
[ 0022 ] The receiving input of delivery information is a 
step of receiving , by a delivery information inputter , input of 
delivery information that includes location information of 
customers to receive delivery objects , information of the 

a T0,5 
.To Omax , 

or more , and T5,022 ° T5 , cmax ! la is not satisfied . Here , N is the 
number of customers to whom delivery can be made from 
each drone station of all the customers , a is a speed ratio of 
the drone and the vehicle ( drone speed / vehicle speed ) , To , is 
a time it takes for the vehicle to travel from the logistics 
center to an individual drone station , and Ts , Cmax is a time it 
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BRIEF DESCRIPTION OF THE DRAWINGS takes for the vehicle to travel from the drone station to the 
customer located the farthest . [ 0037 ] FIG . 1 is a view showing an exemplary delivery 

environment where a total logistics operation system using 
drone according to the present disclosure is applied ; 
[ 0038 ] FIG . 2 is a configuration view of a total logistics 
operation system using drone according to an embodiment 
of the present disclosure ; 
[ 0039 ] FIG . 3 is a view for describing an output material 
where optimal route information is visualized according to 
the present disclosure ; 
( 0040 ] FIG . 4 is a view for describing an output material 
where shortest time information is visualized according to 
the present disclosure ; 
[ 0041 ] FIG . 5 is a view for describing a detailed configu 
ration of a delivery model division determiner adopted to a 
total logistics operation system using drone according to the 
present disclosure ; 
[ 0042 ] FIG . 6 is a flowchart for describing a total logistics 
operation method using drone according to the present 
disclosure ; and 
[ 0043 ] FIG . 7 is a flowchart for describing in detail a 
method for determining delivery model division in a total 
logistics operation method using drone according to the 
present disclosure . 

DETAILED DESCRIPTION 

[ 0028 ] The determining the location information between 
the logistics center and the drone station may determine a 
distance from the logistics center to each drone station , and 
the determining whether division of delivery model is pos 
sible may sequentially determine whether division of deliv 
ery model is possible starting from the drone station located 
the farthest to the drone station located the closest from the 
logistics center . 
[ 0029 ] The determining whether division of delivery 
model is possible , when it is determined that division of 
delivery model is impossible for one drone station of numer 
ous drone stations , may determine that division of delivery 
model is impossible for the drone station from which a 
distance to the logistics center is shorter than a distance 
between the one drone station and the logistics center 
without a separate determination process . 
[ 0030 ] The building the delivery model may build the 
drone delivery model for the drone station for which it is 
determined that division of delivery model is possible , and 
build the mixed delivery model for the rest of the drone 
stations . 

[ 0031 ] Further , the total logistics operation method using 
drone according to an embodiment of the present disclosure 
may further include after the building the delivery model , 
visualizing and outputting optimal route information and 
shortest time information of the vehicle and the drone as a 
result of the built delivery model . 
[ 0032 ] A total logistics operation system and method 
using drone , according to the present disclosure , having the 
configuration described above , uses drones from a drone 
station that can charge and supply drones , and therefore has 
an effect of overcoming the limitations of the logistics 
system using the existing vehicle . 
[ 0033 ] Further , the present disclosure determines whether 
a drone's delivery model and a vehicle's delivery model can 
be built separately for a drone station , and then builds a 
delivery model depending on a result of the determination , 
and therefore has an effect of building the delivery model 
more quickly . 
[ 0034 ] Further , the present disclosure creates a realizable 
scenario for overcoming the limitations of the existing 
logistics system , and therefore has an effect of making it 
possible to flexibly respond to the rapidly changing logistics 
technologies . 
[ 0035 ] Further , the present disclosure visualizes the deliv 
ery model for minimizing the time when delivery finishes 
based on route and time , respectively , and therefore has an 
effect of enabling a user to easily determine an optimized 
delivery route and time information . 
[ 0036 ] As such , the present disclosure can combine the 
recent technologies of drone and drone station with the 
current logistics system , provide a metaheuristic that derives 
a reasonable solution within a short period of time to a user's 
convenience in order to minimize the user's decision making 
load , and provide a visual analysis result so that even 
non - experts can easily learn , and therefore the present 
disclosure can gain competitiveness for preparing for the 
future logistics revolution . 

[ 0044 ] Various modifications can be made to the present 
disclosure and the present disclosure may have various 
embodiments , and thus specific embodiments shall be exem 
plified in the drawings and described in detail . 
[ 0045 ] However , this is not intended to limit the present 
disclosure to specific embodiments , and it should be under 
stood that all changes , equivalents , and substitutes included 
in the spirit and technical scope of the present disclosure are 
included . In describing the drawings , like reference numer 
als are used for like components . 
[ 0046 ] When a component is referred to as being “ con 
nected ” to another component , the component may be 
directly connected to that other component , but it should be 
understood that other components may be present in 
between as well . On the other hand , when a component is 
referred to as being directly connected ” to another compo 
nent , it should be understood that there is no other compo 
nent in between . 
[ 0047 ] The terms used herein are for the purpose of only 
describing specific embodiments and are not intended to 
limit the present disclosure . Singular expressions include 
plural expressions unless the context clearly indicates oth 
erwise . In the present application , it is to be understood that 
terms such as " include ” or “ have ” are intended to indicate 
that there is a feature , number , step , operation , component , 
part , or combination thereof described in the specification , 
and not to exclude the presence or the possibility of addition 
of one or more other features , numbers , steps , operations , 
components , parts , or combinations thereof . 
[ 0048 ] Hereinafter , with reference to the drawings 
attached , desirable embodiments of the present disclosure 
will be described in further detail . Hereinafter , like reference 
numerals are used for like components , and duplicate 
descriptions of the same components are omitted . 
[ 0049 ] FIG . 1 is a view showing an exemplary delivery 
environment where a total logistics operation system using 
drone according to the present disclosure , is applied . 
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[ 0050 ] To describe with reference to FIG . 1 , the exemplary 
delivery environment where the total logistics operation 
system using drone according to the present disclosure , is 
applied , largely consists of customers 1 , 2 , 3 , and 
5 , a logistics center 10 , a vehicle 20 , a drone station 30 and 
a drone 40. Here , in the total logistics operation system using 
drone 40 , the vehicle 20 or the drone 40 visits in order to 
satisfy delivery demand of individual customers , and gen 
eration of demand is based on an actual observation value , 
and when a scenario is created , a regular distribution and a 
probability distribution are followed . 
[ 0051 ] A customer is a person who receives a delivery 
object , and depending on the location of the drone station , 
the customer may be located in an area where drone delivery 
can be made or an area where drone delivery cannot be 
made . The customer located in an area where drone delivery 
cannot be made may receive the delivery object by the 
vehicle . That is , in FIG . 1 , customers 1 , 3 , and are 
those to whom both vehicle delivery and drone delivery can 
be made , whereas drone delivery cannot be made to cus 
tomer ( 2 ) 
[ 0052 ] The logistics center 10 is a place where delivery 
objects to be delivered to the customers and the vehicle 20 
for delivering the delivery objects , are stored . In the logistics 
center 10 , the start of delivery is based on a delivery using 
the vehicle 20. For convenience of description , in FIG . 1 , it 
is assumed that the number of vehicles 20 that can be 
operated in the logistics center 10 is one . 
[ 0053 ] The vehicle 20 deliveries the delivery objects to the 
customers by land , and the type of the vehicle 20 may be a 
truck or a trailer , but there is no limitation thereto . The 
vehicle 20 can satisfy the delivery demand of numerous 
customers at once . 

[ 0054 ] The drone station 30 is a place where the delivery 
objects to be delivered to the customers by the drone , are 
stored . Further , the drone station 30 is where batteries of the 
drone 40 , are kept . Further , the drone station 30 may receive , 
from the vehicle 20 , the delivery objects to be delivered to 
the customers located where drone delivery can be made , 
and then operate the drone 40. For convenience of descrip 
tion , in FIG . 1 , it is assumed that the number of drones 40 
that can be operated in the drone station 30 is one . 
[ 0055 ] The drone 40 is an airplane , a helicopter , or a 
quadcopter - shaped aircraft , that flies by the induction of 
radio waves , without a human on board , and that delivers the 
delivery objects to the customers located in the area where 
drone delivery can be made . For safety reasons , it is desir 
able for the drone 40 to delivery only one delivery object at 
a time , and delivery objects that are too large or heavy 
cannot be delivered by the drone 40. Further , the drone 40 
has limited travel distance and travel time , and since it uses 
the sky and not land , it is assumed that it has a faster speed 
than the vehicle 20. In the present disclosure , it is assumed 
that the drone 40 delivers the delivery object at twice the 
speed of the vehicle 20 , but there is no limitation thereto . 
Further , the travel time of the drone 40 includes the time for 
exchanging batteries . 
[ 0056 ] FIG . 2 is a view for describing the configuration of 
the total logistics operation system using drone according to 
the present disclosure , FIG . 3 is a view for describing the 
output material where the optimal route information is 
visualized according to the present disclosure , and FIG . 4 is 

a view for describing the output material where the shortest 
time information is visualized according to the present 
disclosure . 
[ 0057 ] To describe with reference to FIG . 2 , the total 
logistics operation system using drone 100 according to the 
present disclosure , largely includes a delivery information 
inputter 110 , a delivery model division determiner 120 , a 
delivery model builder 130 and a result outputter 140 . 
[ 0058 ] The delivery information inputter 110 receives 
input of delivery information that includes location infor 
mation of customers to receive delivery objects , information 
of the delivery objects , information of delivery means for 
delivering the delivery objects , logistics center information 
and drone station information . Here , the delivery means are 
the vehicle and the drone . 
[ 0059 ] Here , the information of the delivery objects may 
include at least one of size , volume and weight information 
of the delivery object . The information of delivery means 
may include the speed information of the vehicle and the 
drone . The logistics center information may include logistics 
center location information and number of vehicles in each 
logistics center . The drone station information may include 
drone station location information and the number of drones 
in each drone station . 
[ 0060 ] Further , when there is no specific input information 
input , the delivery information inputter 110 may learn the 
operation of the drone and the vehicle by creating scenarios . 
Further , when a certain distribution is input instead of data 
input as input information , data may be randomly generated 
according to the corresponding distribution . Here , the cer 
tain distribution may be input randomly , or obtained utiliz 
ing regression analysis that is based on past data . 
[ 0061 ] The delivery model division determiner 120 deter 
mines whether to divide the delivery model as a drone 
delivery model and a vehicle delivery model for each drone 
station . 
[ 0062 ] For this purpose , the delivery model division deter 
miner extracts , from the delivery information input into the 
delivery information inputter , the location information of the 
customer located in an area where drone delivery can be 
made , the speed information of the vehicle and the drone , 
and location information of the logistics center and the drone 
station . 
[ 0063 ] Further , using the extracted information , the deliv 
ery model division determiner 120 determines the location 
of the customer the farthest away from the area where drone 
delivery can be made from each drone station , the speed of 
the vehicle and the drone , and the location from the logistics 
center to each drone station , and based on what is deter 
mined , the delivery division determiner 120 determines 
whether to divide the delivery model as a drone delivery 
model and a vehicle delivery model . That is , the delivery 
model division determiner 120 determines whether division 
building of a drone delivery model using the drone only 
separate from the vehicle , is possible . This will be described 
in detail hereinafter with reference to FIG . 5 . 
[ 0064 ] Depending on the result of determination , the 
delivery model builder 130 builds a delivery model that 
includes any one of a mixed delivery model for numerous 
drones and numerous vehicles , a drone delivery model for 
numerous drones , and a vehicle delivery model for numer 
ous vehicles . 
[ 0065 ] Of the numerous drone stations , for an individual 
drone station for which the delivery model division deter 
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miner determined that division of delivery model is possible , 
the delivery model builder 130 may build a drone delivery 
model that includes delivery schedule and travel route of 
numerous drones . 
[ 0066 ] Further , of the numerous drone stations , for the rest 
of the drone stations except for the drone station for which 
the delivery model division determiner determined that 
division is possible , the delivery model builder 130 may 
build a mixed delivery model that includes delivery schedule 
and travel route of numerous drones and numerous vehicles . 
[ 0067 ] Here , after first determining whether division of 
delivery model is possible for the drone station located the 
farthest from the logistics center of the numerous drone 
stations , and then determining that division of delivery 
model is possible for the drone station located the farthest , 
it is determined whether division of delivery model is 
possible for the drone station located the next farthest from 
the logistics center . In this method , it is determined whether 
division of delivery model is possible for each drone station 
sequentially , and when it is determined that division of 
delivery model is impossible for any one of the drone 
stations , it may be determined that division of delivery 
model is impossible for the rest of the drone stations as well . 
[ 0068 ] Further , when it is determined that division of 
delivery model is possible for all the drone stations , a 
vehicle delivery model that includes delivery schedule and 
travel route of numerous vehicles , may be built . 
[ 0069 ] As such , in the case of building an individual 
delivery model for the drone station for which individual 
model building is possible , and building a mixed delivery 
model of vehicles and drones for the rest of the drone 
stations , an optimal route of the drones and the vehicles can 
be derived faster than when building the delivery model 
considering the drones of all the drone stations and the 
vehicles of the logistics center . Here , the delivery model 
may include a mathematical model such as Equation 1 
below that is based on mixed integer programming . [ 0082 ] Xij 

[ Equation 1 ] 

[ 0070 ] Here , set , index , parameter and variable of Equa 
tion 1 are as follows . 
[ 0071 ] Z is a random variable made to indicate the greatest 
time of the service ending time of the vehicle or drone 
stations , 
[ 0072 ] N is a node set of customers , { 1 , ... , c } , 
[ 0073 ] N , is a starting node set , { 0 , ... , c } , 
[ 0074 ] N , is an arrival node set , { 1 , , C + 1 } , 
[ 0075 ] V is a set of drones operated in the drone station , 
{ 1 , ... , V } , 
[ 0076 ] D is a node set of customers to whom drone 
delivery can be made , DCN , 
[ 0077 ] s is a node index of the drone station , 
[ 0078 ] O is a starting node index of the logistics center , 
[ 0079 ] C + 1 is an arrival node index of the logistics center , 
[ 0080 ] Tij is the time it takes for the vehicle to move from 
node i to node j ( VIENO , JEN1 ) , 
[ 0081 ] T is the time it takes for the drone to move from 
node i to node j ( VIENO , jEN1 ) , 

is 1 if the vehicle moves from node i to nodej , 
but otherwise 0 , 
[ 0083 ] X. 1 , is the variable for tracking the route where the 
vehicle travels from node i to node j before arriving at the 
drone station , 
[ 0084 ] Yi , is 1 if drone v delivers to customer node i , but 
otherwise 0 , 
[ 0085 ) z is the time it takes for the vehicle and the drone 
to finish all deliveries , 
[ 0086 ] u ; is a relative location of node iEN , in the vehi 
cle's route . 
[ 0087 ] The first restricting condition of Equation 1 is an 
objective function , meaning that it minimizes the time it 
takes for the drone and the vehicle to finish all deliveries and 
return back to the logistics center . The second restricting 
condition represents the condition that the vehicle and the 
drone must visit a customer node only once at most . The 
third restricting condition is an assumption that the tracking 
route of the vehicle is the route that the vehicle moved . The 
fourth restricting condition tracks the route before the 
vehicle arrives at the drone station . The fifth restricting 
condition means that an objective value must be greater than 
the time the drone finishes delivery . The sixth restricting 
condition means that the objective value must be greater 
than the time the vehicle finishes delivery . The seventh , the 
eighth and the ninth restricting conditions are conditions 
regarding the route of the vehicle . The tenth restricting 
condition is for eliminating subtour of the vehicle , and the 
rest of the restricting conditions define general variables . 

Minimize z ( 1 ) 
subject to 

xij + Yjv = 1 VJEN ( 2 ) 
VEV LENO 

i # j 

xj SXi , j Vie No , e Ni ( 3 ) 

( 4 ) 

? Exit 
1 , if i = 0 ; 
-1 , if i = s ; Vie No U { c + 1 } 
0 , otherwise . JEN2 

22 • * ; + S 76 ; + r ) . Vir YvEV + ( 5 ) 
LENO JEN1 LED 

?? ? . ] ?? . ( 6 ) 
LENO JEN1 

i # j 

x0.j = 1 ( 7 ) 
jEN1 

xi , c + 1 = 1 
IENO 
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[ 0088 ] As illustrated in FIG . 1 , Equation 1 mentioned 
above is an example of a delivery model that includes the 
delivery schedule and travel route of the drone in one drone 
station and the vehicle of one logistics center , and by solving 
the mixed delivery model of the vehicle and the drone such 
as Equation 1 , a solution for the delivery schedule and travel 
route of the drone and the vehicle can be obtained . 
[ 0089 ] However , the present disclosure is not limited to 
the case composed of one drone station and one logistics 
center , and a skilled person in the related art could expand 
Equation 1 and build a delivery model for the drone of 
numerous drone stations and the vehicle of numerous logis 
tics center . 
[ 0090 ] However , deriving an optimal solution for the 
delivery schedule and travel route of the drone and the 
vehicle by solving the delivery model such as Equation 1 
takes more time than separately building the delivery model 
of the vehicle and the drone and then deriving a solution . 
[ 0091 ] Therefore , it is desirable to determine whether 
division of delivery model is possible , and then separately 
build the delivery model for the vehicle and the drone for 
which division is possible , and then respectively derive the 
optimal solution for the built delivery model as described 
above . 
[ 0092 ] In the case of dividing the mathematical model , the 
delivery model that includes the delivery schedule and travel 
route of the vehicle can be built with the Restricting Equa 
tions ( 1 ) , ( 2 ) , ( 6 ) - ( 12 ) , and ( 15 ) . Here , in the case of ( 2 ) , 
variables related to y are not considered , but they can only 
be considered for customers to whom drone delivery cannot 
be made . That is , this can be done by simply changing the 
equation which changed from VjEN to VjEN - D . Further , by 
assigning the value x derived through the delivery model 
that includes the delivery schedule and travel route of 
numerous vehicles to the delivery model for the numerous 
drones and the numerous vehicles , and then solving the 
Equation , it is possible to build the delivery model that 
includes the delivery schedule and the travel route of the 
numerous drones . 
[ 0093 ] The delivery model builder is based on a mixed 
integer programming depending on the result of determina 
tion by the delivery model division determiner as described 
above , but by building one or more delivery models , it is 
possible to obtain the optimal solution that minimizes the 
delivery time of numerous solutions that satisfy the Equa 
tion . However , the method of calculating the delivery time 
of all the solutions , and then deriving the optimal solution 
having the smallest delivery time from all the solutions , may 
take a considerable amount of time depending on the con 
ditions such as the amount of logistics etc. Therefore , in such 
cases , a heuristic methodology may be applied , which is to 
derive the solution that minimizes the delivery time the 
most , as the optimal solution , from the solutions derived 
within a predetermined time , in order to reduce the time 
spent in deriving the optimal solution . 
[ 0094 ] The result outputter 140 may visualize the optimal 
route information and the shortest time information of the 
vehicle and the drone , which are results of the delivery 
model built as in FIGS . 3 and 4 , and output the same . In 
more detail , the optimal route information illustrated in FIG . 
3 shows that the vehicle starts from the logistics center , then 
delivers the delivery object to customer first , and then 
finishes the delivery to customer 2 , and then comes back 
to the logistics center . FIG . 3 also shows that the drone , on 

the other hand , needs only to deliver the delivery objects to 
customers 1 , 3 and 6. However , such optimal route 
information does not include information of when to deliver 
the delivery objects to the customers . Therefore , time may 
be determined through the shortest time information such as 
FIG . 4. The shortest time information illustrated in FIG . 4 
shows that the vehicle starts from the logistics center , 
finishes the delivery to customer 4 first , and after finishing 
the delivery to customer 4 , finishes the delivery to cus 
tomer 2. Thereafter , the vehicle returns back to the logis 
tics center . The drone starts operation after the vehicle 
delivered the delivery object to customer 4 ( drone station ) . 
The drone delivers the delivery object to customers 5,3 
and 1 , in that order . Here , the time axis enables one to 
check the time when the delivery of an object to an indi 
vidual customer is finished . It also shows the delivery 
finishing time . 
[ 0095 ] FIG . 5 is a view for describing the detailed con 
figuration of the delivery model division determiner adopted 
to the total logistics operation system using drone according 
to the present disclosure . 
[ 0096 ] To describe with reference to FIG . 5 , the delivery 
model division determiner 120 according to the present 
disclosure extracts , from the input delivery information , the 
location information of the customer located in the area 
where drone delivery can be made , the speed information of 
the vehicle and the drone , and the location information of the 
logistics center and the drone station , and determines 
whether division of delivery model is possible using the 
extracted information . 
[ 0097 ] For this purpose , the delivery model division deter 
miner 120 includes a customer location determiner 121 , a 
speed determiner 122 , a drone station location determiner 
123 and a model division determiner 124 . 
[ 0098 ] For each drone station , the customer location deter 
miner 121 determines the location information of the cus 
tomer located the farthest from the drone station , of the 
customers located in the area where drone delivery can be 
made . 
[ 0099 ] The speed determiner 122 determines the speed 
information of the vehicle and the drone . 
[ 0100 ] The drone station location determiner 123 deter 
mines the location information between the logistics center 
and each drone station . Here , the location information may 
be , for example , the travel distance between the logistics 
center and each drone station . 
[ 0101 ] The model division determiner 124 determines 
whether division of delivery model is possible . 
[ 0102 ] The model division determiner 124 determines 
whether division of delivery model is possible based on 
whether the drone can deliver all the objects that must be 
delivered from the corresponding drone station to the cus 
tomers within the time the vehicle travels between the drone 
station and the logistics center . That is , if the drone can finish 
all the deliveries for the corresponding station within the 
time the vehicle travels between the drone station and the 
logistics center , for the corresponding drone station , it is 
possible to build a drone delivery model that includes the 
delivery schedule and travel route of the drone , separate 
from the vehicle . Further , if the drone cannot finish all the 
deliveries of the corresponding station within the time the 
vehicle travels between the drone station and the logistics 
center , it is not possible to divide the model for the corre 



US 2020/0307785 A1 Oct. 1. 2020 
7 

sponding drone station , and a mixed delivery model of the 
vehicle and the drone must be built . 
[ 0103 ] In order to determine whether division of delivery 
model is possible , the model division determiner 124 may 
determine whether division of delivery model is possible 
depending on , for example , whether the number of drones 
each drone station has is 

a . TO , [ Im / La 2.Tomax?s 

[ 0111 ] The delivery information input at step S100 may 
include at least one of the information of the delivery objects 
that includes at least one of size , volume and weight 
information of the delivery object , the information of deliv 
ery means that includes the speed information of the vehicle 
and the drone , the logistics center information that includes 
the location information of the logistics center and the 
number of vehicles in each logistics center , and the drone 
station information that includes the location information of 
the drone station and the number of drones in each drone 
station . 
[ 0112 ] Next , from the input delivery information , the 
location information of the customer located in the area 
where drone delivery can be made , the speed information of 
the vehicle and the drone , and the location information of the 
logistics center and the drone station , are extracted for each 
drone station ( S110 ) . 
[ 0113 ] Next , using the extracted information , it is deter 
mined whether division of delivery model is possible that 
includes the delivery schedule and travel route of numerous 
drones and numerous vehicles ( S120 ) . 
[ 0114 ] Using the extracted information , step S120 deter 
mines whether division of delivery model is possible based 
on whether the drone can deliver all the objects that must be 
delivered from the corresponding drone station to the cus 
tomers within the time the vehicle travels between the drone 
station and the logistics center . 
[ 0115 ] In order to determine whether division of delivery 
model is possible , the location of the customer located the 
farthest from the area where drone delivery can be made , the 
speed of the vehicle and the drone , and the distance infor 
mation of the logistics center to the drone station , etc. based 
on the drone station , extracted at step S110 , may be used . For 
example , for each drone station , depending on whether the 
number of drones in the drone station is 

a TO , 

or more , and whether T5,022 Tscla is satisfied . 
[ 0104 ] Here , N is the number of customers to whom 
delivery can be made from each drone station of all the 
customers , a is drone speed / vehicle speed , Tos is the time it 
takes for the vehicle to travel between the logistics center 
and an individual drone station , and ts , Cmax is the time for 
the vehicle to travel from the drone station to the customer 
located the farthest from the drone station . 
[ 0105 ] T5,022 Tsc la means that the drone can deliver the 
object to the customer located the farthest from the drone 
station and come back within the time the vehicle travels 
between the logistics center and the drone station . 
[ 0106 ] Further , the drone station location determiner may 
determine the distance from the logistics center to the drone 
station , and the model division determiner may sequentially 
determine whether division of delivery model is possible 
starting from the drone station that is located the farthest 
from the logistics center to the drone station located the 
closest from the logistics center . 
[ 0107 ] More specifically , the model division determiner 
first determines whether division of delivery model is pos 
sible for the drone station located the farthest from the 
logistics center of numerous drone stations , and if it is 
determined that it is possible to divide the delivery model for 
the drone station located the farthest from the logistics 
center , then the model division determiner determines 
whether division of delivery model is possible for the drone 
station located the next farthest from the logistics center . In 
this method , the model division determiner sequentially 
determines whether division of delivery model is possible 
for the drone stations , and when it is determined that 
division of delivery model is impossible for any one of the 
drone stations , it can be determined without a separate 
determination process that for the rest of the drone stations 
that are located closer to the logistics center than the drone 
station for which it was determined that division of delivery 
model is impossible , division of delivery model is impos 
sible . 
[ 0108 ] FIG . 6 is a flowchart for describing a total logistics 
operation method using drone according to the present 
disclosure . 
[ 0109 ] To describe with reference to FIG . 6 , the total 
logistics operation method using drone according to the 
present disclosure , relates to a method for operating logistics 
delivery using the total logistics operation system using 
drone described above , and thus duplicated description will 
be omitted below . 
[ 0110 ] First , delivery information that includes location 
information of the customers to receive the delivery objects , 
information of the delivery objects , information of delivery 
means for delivering the delivery objects , logistics center 
information and drone station information , are input ( S100 ) . 

[ IM / [ 2 Omax , s 

' S , Cmax or more , and whether T5,022 Tg la is satisfied , whether 
division of delivery model is possible may be determined . 
[ 0116 ] Next , depending on the result of determination , a 
delivery model is built that includes any one of a mixed 
delivery model for numerous drones and numerous vehicles , 
a drone delivery model for numerous drones , and a vehicle 
delivery model for numerous vehicles ( S130 ) . 
[ 0117 ] More specifically , step S130 builds a drone deliv 
ery model that includes the delivery schedule and travel 
route of numerous drones for the drone station for which it 
is determined that division of delivery model is possible , 
builds a mixed delivery model that includes the delivery 
schedule and travel route for numerous drones and numer 
ous vehicles for the drone station for which it is determined 
that division of delivery model is impossible , and if it is 
determined that division of delivery model is possible for all 
the drone stations , S130 builds a drone delivery model for 
each drone station , and builds a vehicle delivery model , 
apart from the drone delivery model . In order to minimize 
the time for deriving the optimal solution , the present 
disclosure determines whether division of delivery model is 
possible , and then depending on the result of determination , 
builds a delivery model that includes one or more of the 
mixed delivery model for numerous drones and numerous 
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[ 0127 ] Meanwhile , as a result of comparison at step S230 , 
if the number of drones in the drone station is 

a.TO , [ INALE · Tomax , s 
Ts , cm ' s , max 

vehicles , the drone delivery model for numerous drones and 
the vehicle delivery model for numerous vehicles , but if the 
time it takes to derive the optimal solution that minimizes 
the delivery time is longer than a predetermined time 
nevertheless , a heuristic methodology may be applied , 
which is to derive the solution that minimizes the delivery 
time the most , as the optimal solution , from the solutions 
derived within the predetermined time . Lastly , as the result 
of the delivery model built , the optimal route information 
and the shortest time information of the vehicle and the 
drone are visualized and output ( S140 ) . 
[ 0118 ] FIG . 7 is a flowchart for describing in detail the 
method for determining whether division of delivery model 
is possible in the total logistics operation method using 
drone according to the present disclosure . 
[ 0119 ] To describe with reference to FIG . 7 , the method 
for determining whether division of delivery model is pos 
sible according to the present disclosure first determines the 
number of drones in each drone station , the number of 
customers to whom delivery can be made ( must be made ) 
from each drone station , and the location information of the 
customer located the farthest from the drone station of the 
customers to whom delivery can be made ( S200 ) . 
[ 0120 ] Next , the speed information of the vehicle and the 
drone are extracted , and a speed ratio of the vehicle and the 
drone is determined ( S210 ) . 
[ 0121 ] Next , the location information of the logistics 
center and the drone station are determined ( S220 ) . 
[ 0122 ] Steps S200 , S210 and $ 220 may be performed 
simultaneously or may be changed in order . 
( 0123 ] Next , depending on whether the drone of a station 
can deliver all the objects that must be delivered from the 
corresponding drone station to the customers within the time 
the vehicle travels from the drone station to the logistics 
center , whether division of delivery model is possible is 
determined ( S230 ) . 
[ 0124 ] More specifically , at step S230 , for example , 
depending on whether the number of drones in each drone 
station is 

or more , but to la is not satisfied , it is determined 
that division of delivery model is impossible for the corre 
sponding drone station ( S250 ) . 
[ 0128 ] As such , the total logistics operation system and 
method using drone according to the present disclosure 
builds a drone station that can charge and supply the drone , 
which broadens the width of location that can use the drone , 
thereby overcoming the limitations of the prior art logistics 
system using vehicle . 
[ 0129 ] Further , the present disclosure determines whether 
to divide the scheduling and route determining model of 
numerous drones and vehicles based on the location of the 
customer located the farthest of the customers to whom 
drone delivery can be made , the speed ratio of the vehicle 
and the drone , and the location of the drone station that is the 
farthest from the logistics center , and provides the user with 
the decision making information that makes logistics opera 
tion easy , and therefore , by creating a feasible scenario for 
overcoming the limitations of the prior art logistics system , 
it is possible to flexibly respond to the rapidly changing 
logistics technology . 
[ 0130 ] Further , the present disclosure visualizes the analy 
sis result of the scheduling and route determining model of 
numerous drones and numerous vehicles that minimize the 
time when delivery finishes , based on route and time , 
respectively , and therefore , it is possible to determine the 
optimized delivery route and time information . 
[ 0131 ] The functional operations and embodiments relat 
ing to the subject matter described in the present specifica 
tion including the structures disclosed in the present speci 
fication and structural equivalents thereof may be 
implemented in digital electronic circuitry , computer soft 
ware , firmware or hardware or in combination with one or 
more of them . 
[ 0132 ] The embodiments of the subject disclosed in the 
present specification may be implemented as one or more 
modules regarding a computer program command encoded 
on a tangible program medium for execution by one or more 
computer program products , in other words , one or more 
data processing devices , or for controlling the operations 
thereof . The tangible program medium may be an electric 
wave type signal or a computer readable medium . The 
electric wave type signal is an artificially generated signal 
such as an electric , optical or electromagnetic signal gener 
ated by machinery , for example , for the purpose of encoding 
information to be transmitted to an appropriate receiving 
device for execution by a computer . The computer readable 
medium may be a machine - readable storage device , a 
machine - readable storage substrate , a memory device , a 
combination of materials that affect the machine - readable 
electric wave type signal or a combination of one or more 
thereof . 
[ 0133 ] A computer program ( known as program , software , 
software application , script or code ) may be written in any 
form of programming language , including compiled or 
interpreted languages , or a priori or procedural language , 
and may be deployed in any form , including stand - alone 

a . TO , [ w / La 2.Tomax?s 

or more , and T5,022 Tg.cla is satisfied , whether division of 
delivery model is possible is determined . 
[ 0125 ] Here , N is the number of customers to whom the 
delivery can be made from each drone station of all the 
customers , a is drone speed / vehicle speed , To , is the time it 
takes for the vehicle to travel between the logistics center 
and an individual drone station , and ts , Cmax is the time for 
the vehicle to travel from the drone station to the customer 
who is the farthest from the drone stations . 
[ 0126 ] Next , as a result of comparison at step S230 , if the 
number of drones in the drone station is 

[ 11 / [ 2.4 . ton Tomax , s 

or more , and T5,022.Ts , c , la is satisfied , it is determined that 
division of delivery model is possible for the corresponding 
drone station ( S240 ) . 
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programs or modules , components , subroutines , or other 
units suitable for use in a computer environment . 
[ 0134 ] The computer program does not necessarily corre 
spond to a file of a file device . The program may be stored 
in a single file provided in a requested program , in a multiple 
interactive file ( for example , a file that stores a portion of one 
or more modules , subprograms , or codes ) , or in a portion of 
a file that contains other programs or data ( for example , one 
or more scripts being stored in a markup language docu 
ment ) . 
[ 0135 ] The computer program can be deployed to run on 
a single computer or on multiple computers located at one 
site or distributed across multiple sites and interconnected 
by a communication network . 
[ 0136 ] Additionally , the logic flows and structural block 
diagrams described in this patent document describe corre 
sponding acts and / or specific methods supported by the 
corresponding functions and steps supported by the dis 
closed structural means , and can also be used to build 
corresponding software structures , algorithms and their 
equivalents . 
[ 0137 ] The processes and logic flows described in the 
present specification may be performed by one or more 
programmable processors that execute one or more com 
puter programs to perform functions by operating on input 
data and generating output . 
[ 0138 ] Processors suitable for the execution of computer 
programs include , for example , both general and special 
purpose microprocessors and any one or more processors of 
any kind of digital computer . In general , a processor will 
receive instructions and data from a read only memory or a 
random access memory or both . 
[ 0139 ] Core elements of a computer are one or more 
memory devices for storing instructions and data , and pro 
cessors for performing the instructions . Further , a computer 
may be combined or included to be operable to receive data 
from or transmit data to or perform both operations to and 
from one or more mass storage devices for storing data , such 
as for example , magnetic , magneto - optical disks , optical 
disks , or flash memory . 
[ 0140 ] The foregoing description presents the best mode 
of the present disclosure , and provides examples to describe 
the present disclosure and to enable those skilled in the art 
to make and use the present disclosure . The specification 
thus written is not intended to limit the present disclosure to 
the specific terms presented . 
[ 0141 ] In addition , for convenience of description , the 
foregoing description was made limitedly based on an 
assumption that one drone makes a delivery to one customer , 
or one drone is located in the drone station , but it will be 
easily understood that the present disclosure may be exten 
sively applied such that there are numerous drones in one 
drone station , and that one drone sequentially makes the 
delivery to numerous customers . 
[ 0142 ] Therefore , although the present disclosure has been 
described in detail with reference to the examples described 
above , those skilled in the art will be able to make modifi 
cations , changes , and variations to the examples without 
departing from the scope of the present disclosure . In short , 
the present disclosure does not nece ecessarily have to sepa 
rately include all the functional blocks shown in the draw 
ings or to follow all the orders shown in the drawings in the 
order shown to achieve the intended effects . Note that even 

if that is not the case , the present disclosure can still belong 
to the technical scope of the present disclosure described in 
the claims . 

1. A total logistics operation system using drone , com 
prising : 

a delivery information inputter that receives input of 
delivery information that includes location information 
of customers to receive delivery objects , information of 
the delivery objects , information of delivery means for 
delivering the delivery objects , logistics center infor 
mation and drone station information ; 

a delivery model division determiner that extracts , from 
the input delivery information , location information of 
the customer located in an area where drone delivery 
can be made , speed information of a vehicle and a 
drone , and location information of the logistics center 
and the drone station , and that uses the extracted 
information to determine whether division building of 
a drone delivery model of using the drone only is 
possible ; and 

a delivery model builder that , depending on a result of 
determining whether division of delivery model is 
possible , builds a delivery model that includes any one 
of a mixed delivery model for numerous drones and 
numerous vehicles , the drone delivery model for 
numerous drones , and a vehicle delivery model for 
numerous vehicles . 

2. The total logistics operation system using drone accord 
ing to claim 1 , 

wherein the information of the delivery objects includes at 
least one of size , volume and weight information of the 
delivery object , 

the information of delivery means includes the speed 
information of the vehicle and the drone , 

the logistics center information includes the location 
information of the logistics center and number of 
vehicles in each logistics center , and 

the drone station information includes the location infor 
mation of the drone station and number of drones in 
each drone station . 

3. The total logistics operation system using drone accord 
ing to claim 1 , 

wherein the delivery model division determiner deter 
mines whether division of delivery model is possible 
depending on whether the drone of the drone station 
can deliver all the objects that must be delivered from 
the corresponding drone station to the customers within 
a time when the vehicle travels between the corre 
sponding drone station and the logistics center . 

4. The total logistics operation system using drone accord 
ing to claim 3 , 

wherein the delivery model division determiner com 
prises : 

a customer location determiner that determines the loca 
tion information of the customer located the farthest 
from the drone station , of the customers located in the 
area where drone delivery can be made ; 

a speed determiner that determines the speed information 
of the vehicle and the drone ; 

a drone station location determiner that determines the 
location information between the logistics center and 
the drone station ; and 

a model division determiner that determines whether 
division of delivery model is possible based on the 
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location information of the customer located the far 
thest , the speed information of the vehicle and the 
drone , and the location information between the logis 
tics center and the drone station . 

5. The total logistics operation system using drone accord 
ing to claim 3 , 

wherein the model division determiner determines that 
division of delivery model is possible when the number 
of drones in the drone station is 

a T0,5 Time / omax , s 

or more , and T5,022 Tg.c , la is satisfied , and determines that 
division of delivery model is impossible when the number of 
drones in the drone station is 

a . TO , [ 11 / [ 22 Tomax , , 5 
' s , max or more , and T5,022 - T la is not satisfied , N being the 

number of customers to whom delivery can be made from 
each drone station of all the customers , a being a speed ratio 
of the drone and the vehicle ( drone speed / vehicle speed ) , Tos 
being a time it takes for the vehicle to travel between the 
logistics center and an individual drone station , ts , Cmax being 
a time it takes for the vehicle to travel from the drone station 
to the customer located the farthest . 

6. The total logistics operation system using drone accord 
ing to claim 4 , 

wherein the drone station location determiner determines 
a distance from the logistics center to each drone 
station , and the model division determiner sequentially 
determines whether division of delivery model is pos 
sible starting from the drone station located the farthest 
to the drone station located the closest from the logis 
tics center . 

7. The total logistics operation system using drone accord 
ing to claim 6 , 

wherein , when it is determined that division of delivery 
model is impossible for one drone station of numerous 
drone stations , the model division determiner deter 
mines that division of delivery model is impossible for 
the drone station from which a distance to the logistics 
center is shorter than a distance between the one drone 
station and the logistics center , without a separate 
determination process . 

8. The total logistics operation system using drone accord 
ing to claim 1 , 

wherein the delivery model builder builds the drone 
delivery model for the drone station for which it is 
determined that division of delivery model is possible , 
and builds the mixed delivery model for the rest of the 
drone stations . 

9. The total logistics operation system using drone accord 
ing to claim 1 , 

further comprising a result outputter that visualizes and 
outputs optimal route information and shortest time 
information of the vehicle and the drone as a result of 
the built delivery model . 

10. A total logistics operation method using drone , com 
prising : 

receiving , by a delivery information inputter , input of 
delivery information that includes location information 
of customers to receive delivery objects , information of 
the delivery objects , information of delivery means for 
delivering the delivery objects , logistics center infor 
mation and drone station information ; 

extracting , by a delivery model division determiner , from 
the input delivery information , location information of 
the customer located in an area where drone delivery 
can be made , speed information of a vehicle and a 
drone , and location information of the logistics center 
and the drone station , and using the extracted informa 
tion , determining whether division building of a drone 
delivery model of using the drone only is possible ; and 

building , by a delivery model builder , depending on a 
result of determining whether division building of the 
delivery model is possible , a delivery model that 
includes at least one of a mixed delivery model for 
numerous drones and numerous vehicles , the drone 
delivery model for numerous drones , and a vehicle 
delivery model for numerous vehicles . 

11. The total logistics operation method using drone 
according to claim 10 , 

wherein the determining whether division of delivery 
model is possible determines whether division of deliv 
ery model is possible depending on whether the drone 
of the drone station can deliver all the objects that must 
be delivered from the corresponding drone station to 
the customers within a time when the vehicle travels 
from the drone station to the logistics center . 

12. The total logistics operation method using drone 
according to claim 11 , 

wherein the determining whether division of delivery 
model is possible includes : 

determining the location information of the customer 
located the farthest from the drone station , of the 
customers located in the area where drone delivery can 
be made 

determining the speed information of the vehicle and the 
drone ; 

determining the location information between the logis 
tics center and the drone station ; and 

determining whether division of delivery model is pos 
sible based on the location information of the customer 
located the farthest , the speed information of the 
vehicle and the drone , and the location information 
between the logistics center and the drone station . 

13. The total logistics operation method using drone 
according to claim 11 , 

wherein the determining whether division of delivery 
model is possible determines that division of delivery 
model is possible when the number of drones in the 
drone station is 

[ 11 / [ 2 ton ) 
or more , and T5,022'T ,,, la is satisfied , and determines that 
division of delivery model is impossible when the number of 
drones in the drone station is 
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15. The total logistics operation method using drone 

according to claim 14 , 
wherein the determining whether division of delivery 

model is possible , when it is determined that division of 
delivery model is impossible for one drone station of 
numerous drone stations , determines that division of 
delivery model is impossible for the drone station from 
which a distance to the logistics center is shorter than 
a distance between the one drone station and the 
logistics center without a separate determination pro 
cess . 

or more , and T5,022 Ts , e , la is not satisfied , N being the 
number of customers to whom delivery can be made from 
each drone station of all the customers , a being a speed ratio 
of the drone and the vehicle ( drone speed / vehicle speed ) , To , s 
being a time it takes for the vehicle to travel from the 
logistics center to an individu drone station , T. , Cmax being 
a time it takes for the vehicle to travel from the drone station 
to the customer located the farthest . 

14. The total logistics operation method using drone 
according to claim 12 , 

wherein the determining the location information between 
the logistics center and the drone station determines a 
distance from the logistics center to each drone station , 
and 

the determining whether division of delivery model is 
possible sequentially determines whether division of 
delivery model is possible starting from the drone 
station located the farthest to the drone station located 
the closest from the logistics center . 

16. The total logistics operation method using drone 
according to claim 10 , 

wherein the building the delivery model builds the drone 
delivery model for the drone station for which it is 
determined that division of delivery model is possible , 
and builds the mixed delivery model for the rest of the 
drone stations . 

17. The total logistics operation method using drone 
according to claim 10 , 

further comprising , after the building the delivery model , 
visualizing and outputting optimal route information 
and shortest time information of the vehicle and the 
drone as a result of the built delivery model . 


