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ABSTRACT

This study deals with the problem of air transportation in Turkish Air Force. The Turkish Air Force has different
cargo aircraft to be used in air transportation operations, located in different airbases. The cargo aircraft are
loaded cargo, equipment, personnel, repaired items etc. from one of airbases and transport them to the
demanding airbases. In this military flight network, each airbase is a demand and support point for different
kinds of items. Pickup and delivery demands are known deterministically. There are several operational
constraints. The objective of the problem is to find a feasible set of routes for the cargo aircraft so that all
requests are serviced, and such that the overall cost is minimized. Problem in hand is modeled and solved as
multi-commodity, multi depot and heterogeneous vehicle pickup and delivery problem.

Keywords: Air transportation, heterogeneous vehicle, multi depot, multi-commodity, pickup and delivery
problem.

HAVA KUVVETLERINDE HAVA TASIMALARI iCIN COK URUNLU, COK DEPOLU, KARISIK ARACLI
AL VE DAGIT PROBLEMI

OZET

Bu ¢alisma Tiirk Hava Kuvvetleri’'nde hava tagimalart problemi ile ilgilenir. Tiirk Hava Kuvvetleri’'nde hava
tasimalarinda kullanilan, farkly iislerde konuslandirilmig, farkl tiplerde kargo ugaklart vardwr. Kargo ugaklar
bir iisten yiikledigi kargoyu, personeli ve tamir edilmis par¢alari talep sahibi diger bir iisse tasir. Bu askeri u¢us
aginda, her iis farkll tipte malzemeler icin hem kaynak, hem de talep noktasidir. Alma ve dagitma talepleri
onceden bilinmektedir. Problemde Hava Kuvvetleri’ne ait bir¢ok operasyonel kisit vardir. Problemin amact,
kargo ugaklarmin olast rotalarinin arasindan, biitiin taleplerin karsilandigi ve toplam maliyetin en kiigiik oldugu
coziimii bulmaktir. Eldeki problem c¢ok iiriinlii, ¢ok depolu, karisik aragh, al ve dagit problemi olarak
modellenmis ve ¢oziilmiistiir.

Anahtar Kelimeler: Al ve dagit problemi, ¢ok depo, ¢ok iiriin, hava tasimasi, karisik arag.

* The opinions expressed in this paper are entirely belongs to the authors and in no way binding upon the
Turkish Armed Forces, Turkish Air Forces and other organizations.
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1. INTRODUCTION

Today, air warfare is used as one of the main tools to
deter the enemy due to the features such as precision,
sensitive timing and high blast affect. These unique
features of the Air Force require fast and sustainable
logistic capabilities. Because of this, the transportation
is mainly maintained by the cargo aircraft. Also cargo
aircraft are used for sustainment of Turkish Armed
Forces.

Currently, different aircraft parts are transferred from
the airbases to the factories located in different parts
of Turkey and vice versa. In order to maintain the
sustainability of the jet aircraft, there is a set of cargo
aircraft transporting the goods in predetermined routes
and schedules weekly. The routes are fixed regardless
of the number of parts to be transferred. Cargo aircraft
also carry personnel from one airbase to the other. The
fixed routes make the transportation system
cumbersome, slow and expensive. In this paper, a
model is proposed to determine the cargo aircraft
routes in order to satisfy the demand of each airbase
while the cost is minimized. The military flight
network has multi-commodity, multi-depot, different
startup locations for heterogeneous cargo aircraft and
several operational constraints. The problem is
modeled as a special type of multi depot,
heterogeneous vehicle pickup and delivery problem.

Turkish Air Force military flight network has three
factories that the parts are transferred to. After the
parts are received, they are repaired and send back to
the original destinations. Therefore, these factories are
supply point for repaired and/or new parts. In
addition, the airbases transfer parts and personnel
between each other, because each airbase has its own
inventory and specialized personal. Therefore,
airbases supply point to each other. There are different
types of cargo aircraft. Therefore, the problem can be
regarded as a multi-commodity, multi-depot,
heterogeneous vehicle pickup delivery problem.

Pickup and delivery problem is an extension of the
vehicle routing problem (VRP). The Pickup and
Delivery Problem (PDP) generally consist of a fleet of
vehicles and a set of customer requests. Each request
has two stops, namely the pickup and delivery points.
Each vehicle has to start its tour from the depot and
the tour must end at the same depot. The pickup must
be completed before the delivery. Total quantity of
loads cannot exceed the vehicle capacity any time [1].
The PDP is known to be NP-hard in the strong sense
[2]. Because it generalizes the Vehicle Routing
Problem.

In literature, there are several classification schemes
for PDP. Reference [3] classified PDP’s according to
the three-field scheme: structure, visits and vehicles.
The first field “structure” specifies the number of

origins and destinations of commodities. In many-to-
many problems (M-M), any vertex can serve as source
or as a destination for any commodity. In one-to-
many-to-one problems (/-M-1), commodities are
initially available at the depot and they are sent to
customer vertices; commodities available at the
customers are then sent back to the depot. In one-to-
one problems (/-1), each commodity has a given
origin and a given destination. The second field
“visits” provides information about how the vehicles
visit the customers. The pickup and delivery actions
can simultaneously occur or one at a time. The last
field “vehicles” fixes the number of vehicles used in
the solution.

Reference [4]-[5] divides PDP’s into two parts. The
first part deals with the transportation of goods from
the depot to the linechaul customers and from the
backhaul customers to the depot. The second part
considers that the commodities are transported
between pickup and delivery customers. The second
part is further divided into two subclasses. The first
subclass refers to situation where pickup and delivery
customers are unpaired (each picked up commodities
can be used to fulfill the demand of any delivery
customer). The second subclass refers to the situation
where pickup and delivery locations are paired (each
commodity has a pickup and delivery customer).

In Turkish Air Forces military flight network problem
is a combination of (M-M) and (/-/) problem
structures. In (M-M) problems, vehicle loads from one
pickup point and delivers it to any one of the
demanding points. In (/-1) problems, vehicle loads
from one of the pickup points and delivers it to a
specific delivery point. In the combined case, vehicle
loads from any of the pickup points and delivers to
each different delivery point just like the (M-M) case.
But parts to be transported has specific destination
points just like the (/-/) case. Therefore, the
combination is named (/-M/M-1) case. Known by the
authors, the problem considered in this paper is
unique in its structure.

2. PROBLEM DEFINITION

This problem deals with the transportation of cargo
and military personnel using available cargo aircraft
and pilot regulations. The input to the problem
consists of three major categories of data: cargo
aircraft resources, pilot regulations and the military
flight network. These categories and its constraints
are:

Aircraft Resources

Landing cargo aircraft has to wait 15 minutes to load

and unload. Each cargo aircraft has different capacity
in weight (kg), flight duration (hour), air speed (knot)
and cost. The payload cannot be more than the cargo

aircraft capacity.
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Pilot Regulations Formulation
Pilots cannot fly the cargo aircraft more than 12 hours. ) Dy;
There has to be a half-hour break for lunch and each mlnz Z Z H_k CieXij ©
pilot has to take off and land less than 10 times in i€V jev keK
each tour in order to prevent over exhaustion. s.L.
Military Flight Network Z Z xjx <1 VkeK (D
There are more than one kind of cargo aircraft. Each =2 =
cargo aircraft is stationed in its home airbase. The
cargo aircraft have to return to their home bases after
completing its tour. Pickup and delivery demands are Z Z Xijie — z Z Xue=0 VkeK @
known deterministically. Weather conditions are not =4k J€V i€Ay jev
considered in the problem. Distance matrix is known
and satisfies the triangular inequality. All demands are Z Xiji — z Xjk =0 Vi€V, keK 3
static. Duration of a flight leg is determined using D\H & =
formulation (D=distance between two airbases, H= air
speed of a cargo aircraft).

M*ZZXURZ szijk VkeK (4)
3. PROPOSED MODEL i=Aj jEV i€V jev

The proposed mixed integer linear programming
model and the nomenclature are as follows:

Notation
i,j €V Airbases set,

k € K  Aircraft types set,

l el Commodity set,

Xijk If arc (ij) traversed by cargo aircraft of
type k equals to 1, otherwise 0,

D;; Distance matrix (Nautical Mile),

Cy Unit distance cost of cargo aircraft type £,

Ay Home base of cargo aircraft type £,

Yijki Total amount of commodity / (kg) on cargo
aircraft type k which is traversing arc (i, j),

Ugji Amount of commodity / (kg) sent from i to
J by cargo aircraft type £,

Siji Demand of airbase j from i of
commodity / (kg),

Ky Capacity of k type cargo aircraft (kg),

B Maximum number of flight leg,

Hy, Airspeed of cargo aircraft type k (Knot),

G Maximum flight time for pilots (hour),

Ty Maximum flight duration for cargo aircraft

type k (hour)

Z (Vijkr — Wijir + Ujnkr — Vi) =0Vj EV,k €K, L € L (5)

h,iev
Viju < Ke ViL,jEV, kEK, LEL (6)
Z Uij = Sijp Y LjEV, lel (7
kEK
szijk <B Vk€EeK (8)
i€V jev
D..x,.k 1 1

ZZ( T +xijkz)+5 <G YkeK (9
; - k
eV jev
P < T v eV, kEK (10)

k
Z(yl-,-kl—ui,-kl)zo VieV,keKIleL (11)
jev
M xijy ZZ}’URI VijeV, keK (12)

lEL

Xijg €(01) Vi,jEV, kEK (13)
Uy =20 Vi,jEV, k€K, L€L (14)
yijk120 VijeV, keK, LeL (15)

Equation (0) is the objective function, which minimize
the total traveled distance. Equation (1) ensures that
each cargo aircraft begins its tour from its home base.
Equation (2) ensures that each cargo aircraft lands its
home base after completing the tour. Equation (3)
ensures that each cargo aircraft landing at an airbase
takes off from the same airbase. Equation (4) ensures
that if a cargo aircraft does not take off, then this
cargo aircraft is not included in the solution. Equation
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(5) is the commodity flow equation, which ensures
that the arriving commodities to an airbase are equal
to leaving commodities. Equation (6) is the cargo
aircraft capacity constraint. Equation (7) ensures that
the demands of all airbases are satisfied. Equation (8)
limits the number of flight legs. Equation (9) limits
the pilot’s total flight time. Equation (10) ensures that
the total flight time between two airbases cannot be
more than the cargo aircraft’s maximum flight time.
Equation (11)-(12) are logical constraints and
equations (13)-(14)-(15) are variable definitions.

4. CASE STUDY

A sample case containing 4 airbases, 3 types of cargo
aircraft and 2 type of commodity is studied in order to
depict the problem handling capability of the model.
There are different numbers of cargo aircraft from
each type. The airbases are Ul, U2, U3 and U4. Cargo
aircraft types are C/, C2 and C3. There are 4 cargo
aircraft from type CI, 3 cargo aircraft from type C2
and 2 cargo aircraft from type C3. Ul airbase is the
home airbase for type CI and C2. U2 airbase is the
home base for type C3. The commodities are P/ and
P2. Figure 1 illustrates the locations of the airbases
and the cargo aircraft’s home bases.

Figure 1. [llustration of Airbases and Cargo Aircraft
on a Map.

Each cargo aircraft type has different airspeed, cost
and capacity. The airspeed value of the each cargo
aircraft type are 210, 240 and 280 knots respectively;
cost of the each cargo aircraft type are $5000, $6000
and $5000 respectively and the capacity of each cargo
aircraft type are 50000, 55000 and 60000 kg
respectively. Maximum flight time for each cargo
aircraft type is 10 hours. Distance between each
airbase is given in Table 1. Airbase requests are given
in Table 2.

Table 1. Distance Matrix (NM).
Ul v2 U3 U4

Ul 0 100 150 200
U2 100 0 175 150
U3 150 175 0 100
U4 | 200 150 100 0

Table 2. Demand Matrix.
Ul U2 U3 U4

PI | P2)\PI | P2]|PI P2|PI| P

Solving the problem with the (/-M/M-1) model, the
total cost of transportation of goods is $8928.571. The
one cost-effective type of cargo aircraft (C3) is
included in the solution. Figure 2 illustrates the route
of the C3 cargo aircraft. The C3 cargo aircraft loads
15.000 kg PI and 35.000 kg P2 from U2 to transport
Ul, U3 and U4. It takes off from U2 and lands U].
Unloads 20.000 kg P2, which are transported from U2
and loads 30.000 kg P1 to transport U2, U3 and U4. It
takes off from U/ and lands U3. Unloads 30.000 kg
P1, which are transported from U/ and U2 and loads
10.000 kg P1, 10.000 kg P2 to transport from U3 to
U2 and U4. 1t takes off from U3 and lands U4.
Unloads 15.000 kg PI, 15.000 kg P2 which are
transported from U/, U2 and U3 and loads 30.000 kg
P11, 5.000 kg P2 to transport from U4 to U2. It takes
off from U4 and lands U2. Unloads 40.000 kg P,
15.000 kg P2 which are transported from U/, U3 and
U4.

Towds - 15.000 P1
35.000 P2
Ubnlesd: -

Toads - 30.000 P1
-r2

Unboad: -P1
20.000 P2

Loads - 30.000 P1
5.000 P2
Unlead: 15.000 PL
15,000 P2

Loads - 10.000 P1
10.000 P2

Unload: 30.000 P1
- P

Figure 2. Illustration of The Solution.

The results show that the least cost option from
the solution space is given from the set of
feasible solutions. This small-scale sample could
be generalized for larger problem instances. The
model also can handle real case problems as
effectively in terms of solution time and
optimality.
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5. CONCLUSION

This paper has introduced a special type of
pickup and delivery problem, (/-M/M-1) model.
Chancing the actual transportation system of
Turkish Air Force with proposed model,
disadvantages can be eliminated. Real case
problems are solved using classified data and the
results demonstrated that significant amounts of
savings could be obtained from rerouting.

The model proposed in this paper is a special
case of a pickup and delivery vehicle routing
problem and could be used by civilian air
transportation firms as well. Air transportation in
general is similar to that of military deployment
problems and could be modeled as a (/-M-M-1)
model. The solution time is within acceptable
limits with commercial off-the-shelve
optimization software. Further study could be
directed towards designing a method for solving
the model with different user-specified
constraints, pilot resources, equality in pilot’s
workload, weight effect on cost, risky
environments etc. Demand is regarded static in
the paper. Nevertheless, the nature of demand is
dynamic in real cases and further research could
include stochastic demands.
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