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ABSTRACT. Natural disasters occur from time to time. In order to increase the
resilience to sudden natural disasters, this paper takes Puerto Rico as an example to
establish a three-dimensional packing problem model. First, we discussed the
problem of medical bag and drones loading into containers, and constructed a
gradually in-depth three-dimensional packing problem model. We systematically
analyzed the whole process of packing, introduced 0-1 variables and other methods
to describe the constraints mathematically, and constructed a multi-objective
dynamic programming model for three-dimensional packing problems of medical
packages, drones and containers.
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1. Introduction

In 2017, the worst hurricane hit the United States territory of Puerto Rico, which
caused severe damage to this area, resulting in dozens of areas isolated and without
communication. With the rising demand for medical supplies, HELP.Inc, one of
Non-governmental organizations (NGOs), designed a transportable disaster response
system called “DroneGo” to deliver pre-packed medical supplies and provide high-
resolution aerial video reconnaissance simultaneously or separately.

2. Initial model

First, we can establish model one through the multi-objective dynamic
programming equation. For convenience, we refer to all drones and medical
packages as cargo, and standard containers as containers. We simplify the model and
discuss only a single homogeneous container type which can be used to deliver
cargo. And the cargo are all the same kind, the same size, and the same shape. So
this can be regarded as a simple three-dimensional Bin packing problem with a
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single container and single cargo. Next, we construct decision variables, constraints,
and objective functions [1].

Suppose the container is rectangular with length, width and height of L, W and H
respectively, and the amount of container is I. So the container number is a set
I={1,2,3,..,]I|). Suppose the cargo is rectangular with length, width and height
of I, w, h respectively, and the amount of cargo is J. So the cargo number is a set

x;:The quantity of cargos contained in container i;

Yi ._{1,cargoj loaded into container i,
“10,0therwise
: : lil Ijl
1, container i is not empt . Yi:>0 iz Yy i
Yi:{ , P }’(Z,_l N ) =) ,1, 115Yi52,|-1:|1yi1‘
0,otherwise Yot Yyt

L. = {1, the length of the cargo j is parallel to the x axis
| 0,otherwise '

I {1 the length of the cargo j is parallel to the y axis
Y 0,otherwise

L = {1 the length of the cargo j is parallel to the z axis
4~ | 0,otherwise

W = 1,the width of the cargo j is parallel to the x axis
Y| 0,otherwise

W = 1,the width of the cargo j is parallel to the y axis
Y| 0,otherwise

W = 1,the width of the cargo j is parallel to the z axis
4 | 0,otherwise

h = {1 the height of the cargo j is parallel to the x axis
| 0,otherwise

h. = {1 the height of the cargo j is parallel to the y axis
~ | 0,otherwise

h,

{1, the height of the cargo j is parallel to the z axis
j

0, otherwise

There are the following relative position variables for any two pieces of

€aogos: j4, j2, the goal of the three-dimensional bin packing problem is to minimize
the number of containers:
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1]

min Z Y;
i=1
In conclusion, the model is:

12| 1]
in = |]|,ZYij =1
i=1 i=1
lx]' + ly] + lz] = 1,Wx1' + Wy]' + Wzl' = 1, hJC] + hy] + hz] =1
lx)' + ij + hx) = 1, ly] + Wy]' + hy] = 1, lZ] + WZj + hZ] =1
Vi [yy+ (U Ly +wewy+hehy) |+ 7y, - (U Ly, +wewyy, +heohy ) SW
1
Wijij, ° [xiitz = X, + Ly = X, ~ (X35 — xiil)] 2 Sijgjy 5l
I/
sy, +1 &

iftlh'(”l'izl_yiil)]Ztim
LELjj1,J2.J3 € Jviw i ez jiz € K

Therefore, we obtain the mathematical model for the simplest three-dimensional
bin packing problem with a single container and single cargos. However, obviously
such a model is not required for our model building, so next we will establish a
single container, a variety of cargos packing model [2].

ijljl'[yijtg, —Yij  tWez—y,

3. Improved Model

By analyzing the mathematical model of simple three-dimensional bin packing
problem, we can further study and obtain a mathematical model that can solve the
more complex three-dimensional packing problem with single cargo and multiple
cargos.

Suppose the container is rectangular with length, width and height of L, W and H
respectively, and the amount of container is I. So the container number is a set
I ={1,2,...}. Suppose the cargo r(3;r = R)is rectangular with length, width and
height of L,.,w,,h, respectively, and the amount of cargo is J,.. So the cargo number
is a set J, ={12,...1/-1}, Ul = 2&rlJ-|, A collection of cargos numbered in
descending order of volumeJ = {1,2, ...|/|3}.

The optimization model for three-dimensional packing bin problems of
containers, cargo specifications is established as follows:
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l-+l-+l-—1wx]-+w-+wzj—1h-+h-+h-—
Lj+wy+hi=11L,+w,+h;=11;+w,+h,;
Y,l[xl]+(l lx]+w Wx]+h hx])]+fll]1 (l lx]1+w Wx]1+h hxll)SL
Yy [yy+ (U Lj+w-wy+h-hy)]+7y;, - (1L, +w-wy, + h-hy, ) <W
LYz + (U L+ w-wgj+h-hy)| +ugj, - (U Lj, +w-w,, +h-h,j,) <H

Wjjy * [xijtz = xyjy + Loy = Xijiggy * (Rijo — xih)] Z Sijijy 2 ly

Z"' Ul
Sy, 1 i1 Z d

1
Wijjy [Yijts = Yijy T Wiy — YVijejy (yijtl - yih)] 2 Lij3y 2 W1
L€Ljjiujz2J3 €Ljuviw duJedi €K

And so we have a model that we can use to figure out how we put the right
amount of medical packages into the right amount of cargo bay [3].

The goal of the three-dimensional bin packing problem is to minimize the
number of containers:

1|
minz Y;
i=1

Meanwhile, for each container, we must ensure that there is at least one drone
can take videos. From the table, we know only type seven drone can not take videos:

J7 + i]i # 0
i=1

We need to ensure that the number of cargos (medical package) is greater than
the hospital needs:
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k [5]
2=
i=1 =1

n

In this inequality, Zlf’:'l Ry; refers to the number of medical packages required by
five hospitals, k refers to the types of medical packages.

Finally, to save costs the use of drones being transported should be reduced:

|t]
minz Y
i=1

In conclusion, we can obtain the object function:

4. Model results
First we need to calculate the size of each cargos. As shown in the table below:

Table 1 The size of each cargos

Content(J,)) Length(l,) Width(w,.) High(h,) Volume

A 45 45 25 50625

B 30 30 22 19800

c 60 50 30 90000

d 25 20 25 12500

e 25 20 27 13500

f 40 40 25 40000

g 32 32 17 17408
MEDI 14 7 5 490
MEDII 5 8 5 200
MEDIII 12 7 4 336
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We use the genetic algorithm to look for the optimal solution. Finding non -
inferior solution set is the basic method of multi - objective programming? In order
to solve the problem of multi-objective programming, the multi-objective problem is
guantified into a single-objective problem, and then the non-inferior solution set is
derived directly based on the genetic algorithm according to the preference
information condition [4].We used MATLAB software to calculate the above
models. We can obtain this figure about the optimization process:
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Figure. 1 The figure of the optimization process

We can see that the optimal value is basically reached around the 80th iteration.
Meanwhile, we combine the data from the model for putting the medical packages
into the cargo bay with this iterative model to get the following figure:
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Figure. 2 Iterative model results
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Finally, we obtain appropriate quantity and type of drone fleets and medical
packages which can meet the requirements of the Puerto Rico hurricane scenario.

5. Conclusion

This paper takes Puerto Rico as an example to establish a three-dimensional
packing problem model. We first consider the single type of goods, single type of
box three-dimensional packing problem model. Then, a three - dimensional packing
problem model for multi - type cargo and single - type container was constructed.
And finally we establish the multi-objective dynamic programming model and the
model is calculated based on the genetic algorithm by MATLAB.
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