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Abstract: The co-operation of multiple types of military aircraft has become one of the basic features in air combats. In
order to improve comprehensive support capability, how to optimize the resources distribution of ground support equip-
ment is an important content of the air force stations modernization construction. The uneconomic and unreasonable rea-
sons of allocation approach are analyzed based on the actual situation of allocating ground support resources for multiple
types of military aircraft. The conceptual model and the requirement model of the ground support processes are given ac-
cording to the different needs of support requirement for different types of military aircraft, this makes preparation for
simulation and optimization models. The support resources strategies are developed in the simulation model, especially
when there are two or more types of support activities arranged to be performed in any order with Arena software. The
ground support resources allocation is optimized using intelligence-optimized algorithms in the optimizing models. The
optimization results show that simulation model and optimum approach can improve the efficiency of ground support ac-
tivities of multiple types of military aircraft and can increase the effectiveness of ground support resources scheduling in

the support processes.
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1. INTRODUCTION

With the wide application of information in the field of
aviation weapon equipment and the increasingly complicated
battlefield environment, the probability of a single type of
aircraft to complete the task is smaller and smaller. In the
information-based warfare, the victory depends on the con-
certed action of multiple types of aircraft and various armed
forces [1]. The co-operation of multiple types of military
aircraft (MTMA) has become one of the basic features in air
combats. Providing supply for MTMA, the air force compre-
hensive stations have become the main base for offensive
and defensive forces.

In order to meet requirements for MTMA in modern war-
fare, optimizing the resources distribution of ground support
equipment and improving comprehensive support capability
have become an important part of the efforts to modernize
air force stations [2-5].

Ground support activities of military aircraft at an airport
include a series of support services to make the aircraft take
off in time such as preflight check, supplying various oil and
gases, hanging drop tank and munitions. From an aircraft
point of view, ground support processes begin with the mili-
tary aircraft touching down and taxiing into the station,
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continue with a sequence of support activities and end with
taxiing out to the runway and being ready for take-off.

Turnaround time, which is related to the quantity of vari-
ous ground support resources in use, is a key parameter for
evaluating operational readiness of military aircraft [6-7]. In
order to improve the sortie generation of military aircraft to
effectively enhance combat capability, shortening turnaround
time has become an important goal in the design of military
aircraft and scheduling of support resources at an airport in
the ALS [8] model and in the logistics composite model
(LCOM) [9].

Since the ground support processes are complex discrete-
event dynamic systems, simulation is an appropriate method
for support system performance estimation. With Arena, a
SIMAN language based software developed by Systems
Modeling and acquired by Rockwell Automation in 2000,
the simulation models for vehicle scheduling in the ground
support process have been built for a single type of military
aircraft [10], the relationship between turnaround time for a
single type of military aircraft and allocation of support re-
sources has been discussed, and the allocation efficiency of
support resources before and after optimization has been
compared and analyzed [11, 12].

However, how to allocate ground support resources
properly for MTMA has become an important issue that
must be solved in making logistics plan for the logistical
department, which has not been discussed in above
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Fig. (1). Conceptual model of the ground support processes.

literatures. In practice, the general approach is to allocate
an integer multiple of ground support resources based on the
types of military aircraft needed in the war. That is, allocate
double ground support resources for two types of military
aircraft and triple for three types of military aircraft [13].
This allocation approach is usually uneconomic and unrea-
sonable. One reason is that the flight outfield is rather lim-
ited at an airport and would be difficult to accommodate too
many ground support resources, which may lead to unneces-
sary flight delay and loss, for example, the collisions among
support equipment and aircraft. The second reason is that the
processes of support activities are different for different
types of military aircraft. Some support activities must be
performed sequentially while the others may be done in any
order. Another reason is that there are many common ground
support resources which can be used for various aircraft,
although some equipment is specialized. Therefore, allocat-
ing each type of support resources many times may be un-
necessary. The enumeration method has been adopted to
optimize allocation of support resources tentatively [14], but
it is less efficient and its solution is not necessarily ideal or
optimized.

In this paper, a modeling and optimizing approach is pre-
sented to address the problem of ground support resources
allocation for MTMA. The modeling practice of multiple
support processes which can be performed in any order is
discussed. And the simulation and optimizing model of the
ground support processes of military aircraft are completed
using Arena software and Opt Quest tool, respectively [15].
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2. DESCRIPTION OF THE GROUND SUPPORT
PROCESSES

From the time of touching down to the time of taking off,
ground support processes of MTMA are quite complex and
comprise a sequence of support activities which include pre-
flight check (scheduled maintenance), repair (unscheduled
maintenance), refueling, oxygen-filling, nitrogen-filling, air
conditioning, drop tank and munitions upload. It should be
noted that the ground support processes vary according to
the turnaround tasks, the types of military aircraft and differ-
ent operators (ground handlers). While some support activi-
ties cannot start before others end (sequential activities),
there are some support activities that can be done in any or-
der (or concurrent activities). For example, munitions upload
cannot start before all the other support activities have ended
for safety reasons to some military aircraft. It is strictly for-
bidden to refuel the aircraft during oxygen-filling to some
type of military aircraft. On the other hand, aircraft refueling,
nitrogen-filling and air conditioning can be performed in any
order. And it’s worth noting that the three stages of oxygen-
filling, nitrogen-filling and air conditioning are arranged in
no particular order, the aircraft can select any one to wait for
being serviced according to the minimum number or time of
queue in the service station. Furthermore, if one type of air-
craft does not need some support activities, then the corre-
sponding device is not needed. For instance, some types of
aircraft do not need drop tanks in performing the task.

Based on queuing theory, the turnaround time of military
aircraft is the response time, also known as the sojourn time,
which is the total time that a military aircraft spends in the
queuing system. The waiting time is the time that a military
aircraft spends in a queue waiting to be serviced (supported)
due to lack of enough support resources such as vehicle,
ground handlers, space and runways. Therefore, the turna-
round time is equal to the waiting time and service time.
Usually, the ground support processes are performed accord-
ing to flight logistics support schedule. In order to not only
meet the safety requirements but also reduce the turnaround
time as much as possible, the resources allocation efficiency
of support activities has to be optimized.

In this study, the research objective will be focused
on determining the optimal quantity of ground support re-
sources for MTMA with minimum average turnaround time.

A conceptual model of the ground support processes has
been developed for MTMA, as shown in Fig. (1), which in-
cludes all the support activities simulated. The broken con-
necting lines represent activities being optional to aircraft
and the solid connecting lines represent activities being nec-
essary to aircraft in ground support processes. All the sup-
port activities must be performed in the order shown by the
arrows. If there is no arrow connecting two activities,
this means that they are independent of each other and can be
performed in any order. For instance, in Fig. (1), oxygen-
filling, nitrogen-filling and air conditioning can be per-
formed in any order, although in the Arena simulation model
(as well as in reality), these support activities may be in the
order depending on resource availability.
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Fig. (2). Simulation model of support resources scheduling.

Compared with the actual situation, the conceptual model
is somewhat simplified:

(1) In the model, refueling and oxygen-filling can be per-
formed in any order, which is not the case for some types of
military aircraft in reality.

(2) If aircraft is not qualified during preflight check, it is
not always repairable in reality. In this paper, we assume that
the malfunction of military aircraft can always be repaired in
time.

(3) The service time of one support resource may be dif-
ferent for each type of military aircraft in practice, but we
assume that there are no differences between different types
of military aircraft.

(4) The space for aircraft waiting in line may be limited
in reality. In this paper, we assume the waiting area is large
enough to accommodate all of the aircraft between the sup-
port positions.

(5) Different types of military aircraft may need different
types of ground support resources in reality, but we suppose
that the ground support resources are common.

3. REQUIREMENT AND SIMULATIOM MODEL OF
THE GROUND SUPPORT PROCESSES

3.1. The Requirement Model

The length of turnaround time that military aircraft spend
at an airport depends on the flight missions, flight pattern,
airport capacity, aircraft types, aircraft number and ground
support resources (including all equipment and maintenance
crews) [12], which are rather limited in the battle. The ser-
vice times spent on various support activities are uncontrol-
lable variables and the behaviors of these variables are un-
certain. Therefore, probability distributions need be specified
in order to carry out a random input simulation.

As mentioned, the average turnaround time of one mili-
tary aircraft, Tj(x), is equal to the waiting time and service
time and is calculated by formula (1):

T,(X)=T,(X)+T, (X) (1)

Where, j is the type of aircraft, the vector X = (x;,x;, ...,x,)
, x; is the amount of i th type of support resources, i = (1,
2,..., n), iis the n th type of support resources. 7j,(X) means
average service time (support time) that one of the jth type
military aircraft undertakes the various types of ground sup-
port activities. As before, T5(X) is in relation with the aircraft
type and flight missions, when the aircraft type and flight
missions are given, T;(X) becomes a constant and its theoret-
ical distribution can be fitted according to historical data.
T;,(X) means average wait time that one of the jth type mili-
tary aircraft spends on the waiting area while the support
resources are not available when the aircraft arrives. If each
type of support resources is enough and has idle support re-
sources when the aircraft arrives, T},(X) will be reduced to
minimum 0. To optimize the average turnaround time of
MTMA, average wait time of one military aircraft should be
minimized at each support activity. So the minimizing 7,,(X)
becomes the optimization objective. At the same time, to
ensure that the military aircraft have enough space to touch
down after accomplishing their missions, the average turna-
round time Tj(x), corresponding to the entity’s average total
time in Arena, should be less than the inter-arrival times 7T,
which is a constant according to the fight plan.

The requirement model is shown as formula (2) (3) (4):

minz Tjw(X ) )
5.t 0<x, <m,(i=12,-,n) 3)

Where, Tj; is the inter-arrival times between two arrivals
of j th type of aircraft.

3.2. The Simulation and Optimization Model

The simulation model of support resources scheduling
consists of five parts: flight ready patterns setting (aircraft
touching down and assigning), support resources scheduling,
support process, support resources optimization and statistics
report, as shown in Fig. (2).
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Fig. (3). Support resources scheduling process model.

The first part is flight ready patterns setting in which
MTMA entities are created, the type of time probability dis-
tribution and number of aircraft entities per arrival are set,
the current values of simulation clock to the arrive time and
initial values of different support attributes for each type of
aircraft are assigned. For example, assigning the value 0 to
the aircraft attribute means that no support activities have
been carried out for the aircraft. And then the aircraft entities
enter the support process part.

Support resources scheduling is a core part in
which various types of support resources are allocated for
MTMA in the ground support process. If there are two or
more types of support activities arranged to be performed in
any order, the support resources strategies should offer some
choices for the aircraft to make their average wait time min-
imum using the PickStation modules in Arena. For instance,
oxygen-filling, nitrogen-filling and air conditioning are ar-
ranged to be performed in any order as shown in Fig. (1).
There is a selection strategy proposed to arrange aircraft
waiting in line by the minimum number in queue or by the
number of resource not available. In the simulation model, if
aircraft needs oxygen-filling, nitrogen-filling and air condi-
tioning, an aircraft having completed the oxygen-filling is
assigned the value 1, one having completed the nitrogen-
filling is assigned the value 3, and one having completed the
air conditioning is assigned the value 7. So one having com-
pleted the oxygen-filling and nitrogen-filling is assigned the
value 4, one having completed the oxygen-filling and air
conditioning is assigned the value 8, one having completed
the nitrogen-filling and air conditioning is assigned the value
10, and one having completed all the three activities is as-
signed the value 11, as shown in Fig. (3).
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The third part is support activities process in which the
aircraft is serviced according to the support resources strate-
gies. Once all the support activities have been finished, the
aircraft is transferred to the support resources optimization
part.

The fourth part is statistics reports of the system perfor-
mance in which the simulation results for MTMA, support
processes, aircraft queues and ground support resources are
given and then are fed into the next part.

The support resources optimization is the last part and the
other core one in which the results of simulation model are
analyzed and optimized using the OptQuest, an optimization
tool provided with the student version of the Arena software
free of charge. Like all practical simulation optimization
methods, OptQuest is also an iterative heuristic that com-
bines the meta-heuristics of tabu search, neural networks and
scatter search into a single search heuristic. Setting the pa-
rameters of support resources as control variables, the aver-
age turnaround time of one aircraft as constraints, average
wait time of one aircraft as objectives, the optimum results
of support resource can be obtained by OptQuest.

4. RESULTS OF SIMULATION AND OPTIMIZATION

The simulation model described in the previous section
has been built at an airport with Arena 14.0 software envi-
ronment. Weekly mean time of support activities for the pe-
riod of 2014.01-2014.06 was recorded at the airport.
In this case, k=2 means there are two types of aircraft arri-
vals. The first type of aircraft inter-arrival times are exponen-
tially distributed with a mean of 65 minutes and in batches of
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Table 1. Data of theoretical distributions of aircraft support processing times.

Ground Support Process| Taxiing In | Preflight Checks Repair | Oxygen | Nitrogen [Air Conditioning| Refueling | Drop Tanks |Taxiing Out
Distribution Type TRIA TRIA TRIA TRIA TRIA TRIA TRIA UNIF TRIA
Parameter (minutes) (1,2,3) 2,3,4) (5,8,10) | (3,4,5) (3.4,5) (5,7,10) (10,15,20) (7,15) (2,3,4)
Table 2. Constraints of initial values and limits on the support resources.
Support Resources |Taxiing Vehicles Preflight Checks|  Repair Oxygen Vehicles Nitrogen JAir Conditioning Refuf:ling Drop "'I‘anks
Crew Crew Vehicles Vehicles Vehicles Vehicles
Initial Values 3 2 1 3 3 3 3 1
Limits(min, max) (2,6) (1,4) (1,3) (1,6) (1,6) 1,7 (1,7 (1,4)
Best Solution 6 3 2 5 5 5 5 3

Table 3. Various values and results of average wait time and average maximum wait time.

Initial Values X=(3,2,1,3,3,3,3,1)

Optimum Values X*=(6,3,2,5,5,5,5,3)

Plan Values X=(6,4,2,6,6,6,6,2)

Average Wait Time | Average Maximum Wait | Average Wait Time |Average Maximum Wait| Average Wait Time Average Maximum
Time Time Wait Time
Isttype | 2ndtype | Isttype 2nd type Isttype [ 2nd type Ist type 2nd type | Isttype | 2nd type 1st type 2nd type
8.1664 1.6168 30.7024 20.3133 0.0876 0.0655 3.4605 3.2846 | 1.8984 [ 0.0269 14.1024 5.3926

size 3. The second type of aircraft inter-arrival times are ex-
ponentially distributed with a mean of 50 minutes and in
batches of size 2. In the support process, it should be noted
that the first type of aircraft needs all support activities and
the second type of aircraft needs all support activities except
drop tanks service.

The theoretical distributions of aircraft support pro-
cessing times are fitted to a suitable distribution using Arena
14.0 input analyzer based on historical data and are given in
Table 1, where TRIA and UNIF represent the triangular dis-
tribution and the uniform distribution, respectively.

The objective function is shown as min Z}‘=1 Twj (%1,
which means the minimum average wait time of one aircraft
in the buffer before every support activities. The constraints
of initial values and limits on the ground support resources
are given in Table 2.

The constraint conditions of average turnaround time
limits on the j th type of aircraft are less than 65 minutes for
the first type of aircraft and less than 50 minutes for the se-
cond type of aircraft.

According to the above parameter settings about support
process and support resources, the simulation model has
been built using Arenal4.0 and optimization procedure has
been completed using OptQuest tool. In the simulation

model, the length of each simulation run is considered as a
training period of one week which consists of 7 days,
24h/day, in total 148h. The number of independent replica-
tions for each run is 50. The result’s confidence interval is
95%. And because a steady-state analysis is needed to ana-
lyze a long time period, the warm-up period is decided as 2h.

Furthermore, the suggested, lower bound and higher
bound values for the variables to be optimized need specifi-
cation in OptQuest. The suggested values determine the
starting point of the decision variables. The lower bound and
higher bound values prescribe a limit to the search process.
Affecting the efficiency and effectiveness of the search, all
these values should be set based on the actual situation. If the
reasonable values cannot be estimated in advance, the simu-
lation analysts may run the optimization tool twice so that
the current solution is used as suggested values in the second
run in practice [16]. In this paper, the initial values are set
according to one type of aircraft being supported, as shown
in Table 2.

The output of optimization model is X*= (6,3,2,5,5,5,5,3)
which is also shown in Table 3. The optimization results of
average wait time are 0.0876 minutes for the first type of
military aircraft and 0.0655 minutes for the second type of
military aircraft, respectively. The sum of them is objective
value min Z]k:l Twj (x;) = 0.1555. The values of average
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maximum wait time are 3.4605, 3.2846 minutes, respective-
ly. Under the initial values condition, the results of average
wait time are 8.1664 minutes for the first type and 1.6168
minutes for the second type, respectively. The values of av-
erage maximum wait time are up to 30.7027 and 20.3133
minutes, respectively as shown in Table 3. This allocation is
apparent inefficiency. However, under the plan values condi-
tion, the results of average wait time are 1.8984 minutes of
the first type and 0.0269 minutes of the second type, respec-
tively. The values of average maximum wait time are
14.1024 and 5.3926 minutes, respectively. More support
resources are used and more average maximum wait time is
spent than under the optimum values condition, so this allo-
cation strategy should be improved in time.

CONCLUSION

The simulation model and optimum approach in this arti-
cle address the problem of support resources allocation for
MTMA in the support process. The support resources strate-
gies are developed in the simulation model, especially when
there are two or more types of support activities arranged to
be performed in any order. The parameters and objective
function are set easily according to the requirement of
MTMA. The results of optimum allocation can be obtained
in just a few minutes that can improve the efficiency of
ground support activities of MTMA at an airport and in-
crease the effectiveness of ground support resources. The
simulation model and optimum approach are easily trans-
ferred to applied fields like the scheduling of mix produc-
tion, flexible manufacturing and the multiple types of aircraft
maintenance.
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