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Vertical takeoff and landing (VTOL) is a core feature of unmanned aerial vehicles (UAVs), which are commonly referred

to as drones. In emerging smart logistics, drones are expected to play an increasingly important role as mobile platforms. Therefore,

research on last-mile delivery using drones is on the rise. There is a growing trend toward providing drone delivery services,

particularly among retailers that handle small and lightweight items. However, there is still a lack of research on a structural

definition of the VTOL drone flight model for multi-point delivery service. This paper describes a VTOL drone flight route

structure for a multi-drone delivery service using rotary-wing type VTOL drones. First, we briefly explore the factors to be

considered when providing drone delivery services. Second, a VTOL drone flight route model is introduced using the idea of

the nested graph. Based on the proposed model, we describe various time-related attributes for delivery services using drones

and present corresponding calculation methods. Additionally, as an application of the drone route model and the time attributes,

we comprehensively describe a simple example of the multi-drone delivery for first-come-first-served (FCES) services.
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<Figure 1> Example of (a) a Drone Delivery Service Network
on Map and (b) Its Graph Representation
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g std 42 g mEAs 28 T
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* E(A)TP: Estimated (Actual) Time of Processing at
each point (node).

* E(A)TF: Estimated (Actual) Time of Flight in each
segment (link).

* E(A)TA: Estimated (Actual) Time of Arrival.

* E(A)TD: Estimated (Actual) Time of Departure.
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<Figure 5> Example of Two Speed-Time Graphs (Rate
of Climb and 2D Speed below) of a Flight
Route and its Monitoring Screenshot
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<Figure 6> Example Trapezoidal Speed Profile for the
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<Table 1> Flight Distances and Times of erpq

) Flight distance Flight times
TImestamp | gist(e/,) = 60m | ETF(e'n) = 20.0s
fhy = 0.0s accelerating distance accelerating time
Adist(t, #) = 4.0m 2.0s
t = 2.0s
cruising distance cruising time
Adist(t;, t) = 52.0m 13.0s
ty = 15.0s
decelerating distance decelerating time
Adist(ty, ) = 4.0m 2.0s
5 = 17.0s
hovering distance hovering time
ts = 20.0s Adist(ts, ts) = 0.0m 3.0s
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