\Drone Delivery Systems Optimization Algorithm

by Rick Kuang
Advised by Dr. Mohammad Moshref-Javadi

I S 4R 4 A v Center for
I I \ B 4 Transportation & Logistics



Outline

Problem
Methodology
Solution

Sensitivity Analysis
Summary of Results

Al

. - — AN g A WiT Center for
© 2019 MIT Center for Transportation & Logistics | Page 2 IIIII c vy L rrrrrrrrrrr ion & Logistics



1. Problem

TSP class problems for last-mile delivery

N 3 N
VR (a ., 1,
H —-— o = ) \. 3 f//
Classic TSP \\(/ 2
7 L _ y, 4
\\‘ \\ 7/'/
—~ A~ ‘v]/ N\ s V"

/

(a) Truck only

(b) Truck and droneL‘i”\ N/ ()

v / \ > 5
T
/\ R
w Single Flying
Sidekick
v
w Multiple
Drones
\-/
(a) Truck only (b) Truck and drone I
Truck move : Drone move
[step 0] [step 1] [step 2] [step 3] I (" Istepx1 [step x+1] [step x+2] [step x+3]
origin = 0 origin =1 origin =2 origin = 3 origin =1 origin =1 origin =1 origin =3
delivery =1 delivery =2 delivery =3 delivery =0 I delivery = delivery = delivery =2 delivery =
destination =1 destination =2 destination =3 destination =0 destination = destination = destination =3 destination =

vehicle = truck
action = launch

vehicle = drone
action = launch

vehicle = drone
action = deliver

vehicle = drone
action = pickup

vehicle = truck
action = deliver

vehicle = truck
action = deliver

vehicle = truck
action = deliver

vehicle = truck
action = deliver

.

.
A Ny
::] XX Truck route
110 xx to 3 ost < drone route, ruck waits

delivery =

total cost =t cost = t+1 cost = t+1+20+30 cost = t+1+20+30

total cost = 10 total cost = 30 total cost = 60 total cost =110 I T
1 Launch cost = pickup cost = 1
SR S
[step XX] @ D
1102 rone Route
o T2 203 Drone Route origin =3 cost=20 « A -
cost=10 cost =20 cost =30 ’ ~
—_— —_— —_—

—_——— l

Truck route I

—_—

destination =

vehicle = truck
action = pickup
cost = t+1+20+30+1

3to0
cost =50

lllustration of NP computation complexity

Computation Complexity (log scale)

Delivery solution
solved in full

1,000,000,000,000,000,000,000,000 -
10,000,000,000,000,000,000,000 -
100,000,000,000,000,000,000 -

Exponential time (NP)

A Exact solution with

1,000,000,000,000,000,000 - 2AN
Branch and Cut
10,000,000,000,000,000 -
100,000,000,000,000 -+ S NA8
1,000,000,000,000 - Approximate
10,000,000,000 - 4 i i . .
solution with Polynomial time (P)
100,000,000 - heuristics NAS
1,000,000 P
10,000 N B NA2
100 4
1~ - - » Number of Decision Variables

0 5 1015 20 25 30 35 40 45 50 55 60
|
Y
Real-world scenarios

Motivating questions

« What is the benefit of truck and drone delivery over truck alone?
* How sensitive is benefit to drone flying range?

* How sensitive is benefit to number of drones?

* How sensitive is benefit to drone/truck speed differential?

How sensitive is benefit to customer location distribution?
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2. Methodology

Wide variation of problems " rithm “Good enough” solution
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3. Solution

Optimization of MLL map 9 at 48 minutes of CPU execution
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4. Sensitivity Analysis (1 of 2) — capacity and method

Drone availability analysis for MLL Map 3 Mode of movement analysis for MLL Map 2
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4. Sensitivity Analysis (2 of 2) — speed and range

Drone speed analysis for MLL Map 2
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Drone range analysis for MLL Map 4
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5. Summary of Results

Summary of parameters tested
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Key observations:

A truck efficiently working in conjunction with drones
will typically be better than truck alone

Being able to travel directly in Euclidean distances is
a large opportunity for drones

Faster drones are generally better; increasing returns

More drones are generally better but quickly sees
diminishing returns

Difficult to realize savings when dense (urban) and
drone launch/retrieval operations are slow
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