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Abstract

The aircraft turnaround is a time-critical pro-
cess linking flight legs with various potential
disruptions far beyond those appearing during
flight. This is often caused due to the lack of
substantial automation and limited standardiza-
tion in aircraft ground handling ranging from
human resource skills to equipment types.
Whenever a disturbance occurs (e.g. while
boarding or fueling) as part of the so-called
critical path, these effects immediately cause a
disruption propagation resulting in accumulat-
ing delay through the whole air traffic network.
To allow for an efficient process control and
prediction, the turnaround management will
have to be systematically standardized ensuring
the compatibility to the expected increase of the
automation level. Our proposed turnaround
model is using closed-loop stochastic dynamic
process optimization considering input and state
constraints to bridging the efficiency gap be-
tween ground and airborne operations. It will
also use stochastic models to describe every
turnaround sub-process, to be shaped according
to expected behavior resulting from increased
automation which is based on previous research
results.

1 Introduction

The Aircraft Turnaround has been identified to
be crucial for airline schedule adherence, for
high customer satisfaction, and economic
productivity. Productivity is further measured
not only by the airline but also by the airport
operator, the ground handling companies and
the air navigation service provider since all of
them have to handle carefully scarce staff and

tool resources. Consequently, the aircraft turna-
round is complex in terms of both the amount of
involved parties and the given process depend-
encies covering technical, legal and operational
aspects. Due to the close dependencies of the
turnaround (sub) processes disrup-
tions/disturbances of one single process may
result in significant system turbulences.

The aim of our research is to provide opti-
mum time and place of intervention (using con-
trol theory approaches) in quite likely case of
plan deviations. Nowadays this gap is filled by
the experience of ground handling or airline
companies, which is not more than a best guess
of operators than an objective and valid process
strategy granting the propagated target times.
The proposed stochastic model allows an effi-
cient transition from common buffer strategies
to automated environments with regards to giv-
en arrival delays on one hand, and acceptable
interface requirements between the turnaround
processes on the other hand by using intelligent
prediction and controlling strategies. All aircraft
handling processes covered by the aircraft turn-
around are being scheduled against the sched-
uled time of arrival (STA) and scheduled
against the on block times at the assigned air-
craft stand (assuming a dedicated taxi-in time).
Deviations to the STA will increase the criticali-
ty of the underlying requirements regarding to
reliability, high service quality, and punctuality.

Over the past years, our research group at
the Department of Air Traffic Technology and
Logistics at TU Dresden studied various influ-
ences on aircraft ground operations. A study in
cooperation with an aircraft manufacturer was
conducted to understand turnaround reliability
enhancements on a long time period on different
German airports. Several technical deficiencies

1
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in aircraft design were observed, which contrib-
uted to uncertainty in turnaround operations.
Also, based on representative interviews with
ground handling experts, individual impact ef-
fects were linked to detailed aspects showing
significant potential for improvement on the
turnaround reliability for future aircraft design
[1].

Analysis of field data gathered as part of
our previous research activities has indicated
that the delay of incoming aircraft (arrival de-
lay) has a significant influence on the turna-
round time. It has also been previously observed
that airlines established dynamic buffers strate-
gies to mitigate the disruptive impact of signifi-
cant TTT deviations and so ensure the integrity
of their flight schedule. However, no systematic
pattern of buffer introduction was found and the
efficiency of the buffer strategies mostly relies
on the operator’s experience and available in-
formation [2].

A detailed analysis regarding to the in-
fluence of airport categories (regular hub, non-
hub, and supply-base) points out additional var-
iations of turnaround processes [3]. Finally, the
varying level of staff skills due to different
training principles and expertise was identified
as a further major reason for distinct process
characteristic [4]. Beside these major findings,
several studies focused on our stochastic ap-
proach aiming at the detailed characteristics of
the turnaround sub-processes such as boarding,
fuelling and cleaning [5-7].

2 Ground Handling Processes

The turnaround is a generic term for the aircraft
ground processes. Following Airbus’ definition
of the turnaround (fig. 1), the turnaround time is
defined as the aircraft parking time, between on-
block and off-block. While the aircraft is at its
gate or apron position the ground processes
(un)loading, catering, cleaning, refueling, and
(de)boarding are executed. Due to safety regula-
tions and logistic requirements some processes
run parallel to others and some processes have
to be sequentially executed. Consequently, the
overall turnaround time is reached with the ter-
mination of the last ground process. According

to fig. 1 the moving of passenger bridges, the
boarding and the refueling are part of the critical
turnaround path. Shortening the processes on
the critical path implies a decrease of the overall
turnaround process time.
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Fig. 1. Turnaround time schedule of A380 (90 min, base-
line [8]).

Keeping the focus on the boarding process,
it is quite evident that the efficiency of boarding
could directly influence the overall turnaround
progress. The next sections contain the back-
ground to model the turnaround sub-processes.

2.1 Boarding / Deboarding

The ability to improve the baseline turnaround
1s obviously linked with a (technological) reduc-
tion of the fueling process and with a logistical
optimization of the deboarding/ boarding of the
passengers (processes on the critical path).
Though, to achieve reliable improvements to the
turnaround, optimizations have to ensure both a
reduced expected value and variance of the pro-
cess duration (accompanied with an increased
level of standardization). Despite the variance of
the process duration is often neglected, we used
this important value as an additional measure-
ment for process quality. Regarding to the sto-
chastic nature of real processes, reliable investi-
gations aiming on serious performance en-
hancements seriously have to cope with the var-
iance. Numerous research studies were per-
formed on the field of efficient boarding proce-
dures [9-15], by means of finding minimum
boarding times, but we focus also on practica-
bility, sensitivity against disturbances and sta-
bility [1, 16].



DYNAMIC TURNAROUND MANAGEMENT IN A HIGHLY AUTO-

Reflecting the nature of the boarding as
process of human interactions, we developed a
stochastic transition model, which allows for
considering the individual movement speed,
amount of baggage, and reaction times. As our
detailed investigations points out, particularly
the single-aisle layout significantly benefits
from the improvements of the boarding proce-
dures [17]. The major achievements of the de-
veloped boarding model are shown in tab. I.

Tab. 1. Efficiency of boarding procedures

Efficiency
Boarding boarding | standard devia-
procedure | time (%) | tion (%)
random 0% 0%
1 door |block 3% 4%
outside-in 19% 21%
random 26% 34%
2 door | block 14% 17%
ouside-in 36% 57%

Regarding to the selected boarding proce-
dures (random, block, and outside-in) an in-
creased efficiency against the random boarding
using one door, by means of smaller boarding
times and time deviations can be observed [1,
16]. We could validate our achieved simulation
results with recorded data at Berlin Tegel Air-
port (TXL) in close cooperation with Air Berlin.

The cleaning, catering and fuelling pro-
cesses are commonly contract out by airlines to
service companies. We are in close cooperation
with ground service providers, to gain specific
insights in the process characteristics. Until the-
se investigations are not finished, the cleaning,
catering, and fuelling processes are not modeled
in detail by reproducing the internal interactions
but the process duration will be described by
analytical equations. Our evaluations points out
the Weibull distribution as a valid candidate to
analytically describe the nature of the observed
processes. The cumulative distribution function
of the Weibull distribution is:

Ft At o f=1-¢ P )

with £ as scaling factor, « as shape param-
eter and A¢ as minimum time value [1].
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2.2 Cleaning

Commonly, the cleaning services can be divided
into basic sub tasks: seat cleaning, seat pocket
cleaning, ashtray cleaning, galley cleaning, toi-
let cleaning and replenishment, floor cleaning,
blanket management and additional services:
floor vacuuming, window cleaning, stowage
cleaning, and cleaning of the cabin crew resting
area [cf. 18]. Considering different stages of
cleaning these sub tasks will be combined to
one cleaning service product, considering the
individual demands of the airlines (low cost vs.
full service) and the operational requirements
(minimum turnaround vs. overnight).

To cover all these single tasks at a given
cleaning progress (attending layout, timeframes,
or chronological progress), specific durations of
the cleaning processes are recorded. Assuming
the proposed Weibull distribution, the cleaning
duration is defined by the parameter a=2.16,
=6.76 min, and At=5 min (fig. 2).
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Fig. 2. Process time distribution of cleaning process [2]

2.3 Catering

Catering process included all handling activates
to supply a flight with meals drinks and service
utilities for passenger supplied by the airline.
Supplying the outgoing flight leg with catering
stock is one of the main processes on the critical
path. Furthermore the catering process is divid-
ed in unstocking the used equipment, replen-
ishment for the next leg(s) and controlling by
the aircraft crew. Due to the location of galleys
near to the exits, the accessibility is only given,
if passengers vacate this area. While galleys are
located on narrow body aircraft at the front and
rear exits, on widebody aircrafts they can be
located also next to center exits. Therefore the
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overall catering process can only be started
when the de-boarding process is finished. Also
independencies with the cleaning process can be
observed, due to the need to clean the galley
equipment. Depending of the amount of catering
containers one or more catering vehicles on one
or more exits can be used. Not for every turna-
round the process catering need to be consid-
ered. While for short and medium flight dura-
tions the catering process provides stock for
several legs, the catering for long distance
flights is proceeded before every leg. So called
low costs airline intend to cater only once a
flight day before the first flight leg. Assuming
the proposed Weibull distribution, the catering
duration is defined by the parameter a=2.18,
=17.37 min, and At=0 min (fig. 3).
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Fig. 3. Process time distribution of catering process [8]

2.4 Fueling

The process of fuelling includes all activities on
the ramp to refuel the aircraft with jet fuel. The
amount of fuel directly correlates with the flight
distance to the destination airport and additional
extra fuel plus a safety margin to cope with e.g.
detours, holdings, and alternate airport. There
are two possibilities to transport the fuel to the
aircraft: a) with fuelling vehicles or b) using a
under floor transport system in combination
with local dispensing devices. The fuelling pro-
cess itself points out no significant differences
using method a) or b). Commonly the process
consists of three steps: connection to the wing
valves (on one or both sides), the fuelling trans-
fer process and the final unplugging. One major
point is the direct communication with the pi-
lots. There are no standardized operating proce-
dures. We observed to best practices: 1) the

fuelling service operator starts to fuel a default
amount of jet fuel immediately and ask the pi-
lots for the final amount after finishing this pre-
phase, and 2) the operator ask before the fuel-
ling starts and fill the tanks at one step [5]. Due
to the fact, that the maximum transfer rate is
limited by design, the demanded fuel capacity
can be directly transferred to the minimum fuel-
ing time. Due to safety concerns it is prohibited
to fuelling the aircraft if passengers are on
board. In exceptional cases fire brigades have to
observe the fuelling process if there is a need to
embark passengers in a parallel process [19].
Further on, the use of fuelling vehicles results in
additional emergency procedures, by means of
an unoccupied maneuver area, which gets very
important against the background of the small
available place in the vicinity of the aircraft dur-
ing the turnaround. The assumed Weibull distri-
bution fails the y*-test, so we used the Gamma
distribution (also two parameters, continuous,
direct generalization of exponential distribu-
tion). The probability distribution function of
the Gamma distribution is given by the follow-

ing eq. (2).

I S A P R (17
Fonaua(t. 0 f) = (1= 01) " e )

The parameterized Gamma distribution
shows a comparable shape to the Weibull distri-
bution, with an increased probability of the
mode value (number that appears most often in
a set of numbers), which results in better fitting
regarding to processes with smaller deviations.
The parameters are a=1.64, f=9.12 min, and
At=2 min.

2.5 Additional Processes

Beside the common definition of the turnaround
we will also include the following procedures to
our turnaround prediction process.

2.5.1 Unloading/Loading

The unloading and loading process includes all
activities to unload bags, cargo and mail from
the incoming leg and load this stuff for the out-
going leg. The loading follows on the unloading
process in standard turnarounds. Bags cargo and
mail can be loaded bulked, that means piece by

4
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piece or containerized. There the bag, cargo or
mail is repacked in special container. Depending
on the individual aircraft that is used one of the-
se two ways is possible.

While the processes on the main passen-
ger deck are in most cases on the critical path,
the unloading and loading processes appear only
in special cases when the loading process is dis-
rupted. This is the case if a bag needs to be un-
loaded when the passenger is not on board, due
to security concerns (ICAO ANNEX 17). Dis-
ruptions occur if special cargo is (un)loaded or
the technical infrastructure for container is curi-
ous. Due to the dependencies which are based
on special loading instructions by load control,
delays are usually expected within the loading
process (parameter sets are defined in [3]).

2.5.2 Anti-Icing, De-Icing

Winter conditions crucially result in de-
icing/anti-icing processes. Following the Airport
CDM Implementation Manual [21], several pro-
cess requirements are directly impact the turna-
round, e.g.:

e There is an increase in communication
and coordination between parties and the
de-icing companies involved.

e Because of extra de-icing operations,
there may be a reduction in staff and
equipment availability.

e Turnaround times are increased, affect-
ing pushback times and airline fleet
schedules

At these winter conditions the surfaces of
the aircraft need to be free of ice or solid water.
The conditions are at temperatures below 4°C
and narrows to the dew point and/or solid pre-
cipitation. The process can be separated to de-
icing (removing of ice and snow etc.) and anti-
icing, where a special liquid is used to prevent
the development of a new coat of ice for a cer-
tain time (hold over time, HOT). These two pro-
cesses can be conduct in one or two steps. The
liquids have to be applied with special vehicles
either on stand or remote on special deicing
pads. The anti-icing, de-icing process signifi-
cantly holds potential of process interference on
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the apron (e.g. taxi, push back, or gate occupan-
cy times).

2.5.3 Push Back

Evaluating potential bottlenecks at the
apron, limited capacities can be identified re-
garding to aircraft parking stands, apron space,
or taxiway layout. To cope with the final take-
off sequence planning and to ensure a high reli-
ability of the planned chronological sequence,
one significant optimization strategy will most
probably be applied to the push-back planning
[21]. Even if the push-back defined as subse-
quent following process of the turnaround, we
will include the push-back in our future turna-
round model to consider crucial interdependen-
cies and to ensure valid optimization strategies.
Therefore, one of the research targets of our
Department of Logistics and Aviation focus on
safe and reliable pushback strategies for future
turnaround procedures [22, 23].

An aircraft pushback is required if an air-
craft is unable to leave its aircraft stand by its
own power because of the stand design at an
apron. Then the aircraft is pushed out by a tug
from the stand to a position on the taxiway or to
a safe area at the apron. According to the actual
standard procedure and used technologies, the
pushback process of an aircraft inevitably holds
potentials of optimization, and so far is executed
with very limited automation support. We are
convinced that our detailed pushback analyzes
ensure both a significant process optimization
and a reliable risk mitigation methodology (ad-
equate collision prevention system for the tug
operator [22]). As an example for the push-back
process time modeling, fig. 4 shows the classi-
fied, empirical times for pushback operations,
collected at the German airport Dresden (DRS).
The pushback operation time is defined here
from start of the manoeuver to the moment of
visual confirmation of the ground given hand
signal by the cockpit crew. On average a
pushback at DRS needs 3 minutes for the opera-
tion, the disconnection of the tug/towbar, clear-
ing the aircraft (final check, disconnect commu-
nication) and the final hand signal [23].
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Fig. 4. Standard pushback process at Airport Dresden [23]

2.6 Delay Compensation

To evaluate the potential of delay compensation
strategies, we transferred the empirical findings
to stochastic model and analyzed the starting
time of each handling process [2]. Contrary to
the common understanding that all processes
start immediately after de-boarding, our analysis
clearly showed that in most cases a time shift
(buffer) is found between the end of the board-
ing and the beginning of the following ground
processes. We assume that this is the airline and
ground handler current strategy to claim for the
demanding punctuality standards. Comparing
the parallel run processes catering, cleaning, and
fueling, different variances for the starting times
are observed (see fig. 5). Whereas the turna-
round is normally restricted by the fueling pro-
cesses [cf. 8], our analysis shows a further time
restrictions imposed by the catering process. As
a result of all preceding process characteristics,
the final de-boarding accumulates all uncertain-
ties and so possesses a significant higher vari-
ance for the starting time.

As fig. 5 shows, the ground handling pro-
cesses tend to start earlier with increasing in-
bound (arrival) delay. Consequently, the overall
turnaround time should also decrease compared
to the scheduled figures. Looking for a correla-
tion of inbound and outbound delay, a nearly
linear characteristic is found. Assuming the lin-
ear dependency, ground processes can cover up
33% of the delay at average, with decreasing
tendency [2]. This effect is primary caused by
the observed (planned) time buffer. Using em-
pirical data as an input for our stochastic model,
the Monte-Carlo simulation approach allows for
a detailed analysis of the turnaround.
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Fig. 5. Delay compensation due to shift of specific pro-
cess starting time [2]

To understand how a single ground process
can influence the overall turnaround perfor-
mance, its individual contribution to the critical
path is needed to be known. Due to the fact that
the boarding process is always at the critical
path, only the remaining handling processes
need to be analyzed consequently. As shown in
the following fig. 6 the catering and the fueling
process have a significantly higher influence
onto the turnaround compared to all other pro-
cesses.
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Fig. 6. Increasing inbound delay (measured in minutes)
results in different distribution of critical processes [2]

To extend our developed stochastic ground
handling model, we additionally include to the
turnaround the handling processes as mentioned
above: unloading/loading, de-icing/anti-icing,
and pushback. Our ground handling model now
covers are significant ground movements, ex-
cept transfers and taxiing. This will be covered
in our approach by deterministic look up tables,
which holds the average transfer times at a giv-
en traffic scenario.
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3 Stochastic Turnaround Model

The turnaround time is calculated by summation
of the simulated sub-process durations consider-
ing both the individual process start times and
the observed dependencies on the delayed arri-
val [2]. Further on, the interactions between the
single turnaround processes are covered in the
modal by the fact, that a process can start not
until the prior process is finished. The chrono-
logical order of the processes is determined by
the airline procedures and follows the common
turnaround scheme as mentioned in fig. 1. This
procedure ensures a clear identification of the
processes on the critical path (a process is on the
critical path, if the change of the process related
times are directly influences the turnaround
time). Each of the sub-processes is stochastical-
ly defined with respect to their start time and
process duration based on prior described char-
acteristics [cf. 2].

The start time of the first sub-process can
be used as an initial condition and directly taken
as the in block time (IBT). But our model is also
able to consider specific IBTs, e.g. derived from
the underlying flight plan (scheduled times) or
taken from the current flight plan (actual or tar-
get times). As the finishing time of the preced-
ing sub-process constrains the start time of the
next sub-process, the turnaround time will fi-
nally computed by stepwise calculation of all
necessary turnaround processes. Our model also
takes into account, that different turnaround
procedures are defined by airlines regarding to
delays (e.g. speed turnaround) or special pur-
poses (e.g. no fueling). As we use the Monte-
Carlo method to simulate the turnaround time,
the turnaround sub processes are sequently cal-
culated to derive the total turnaround time and
this procedure will be done 10" times to ensure a
valid simulation result.

The stochastic nature of all sub-processes
results in a varying total turnaround time, which
is hardly manageable in today’s operating and
controlling procedures. There are various alter-
natives of sampling this turnaround time distri-
bution, e.g. using mean, mode, median values,
or quantiles (see fig. 7). As a consequence, our
current research focus on a harmonized concept
considering both a clear summarized statistical
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data set (descriptive statistics) and the controller
needs for an adequate representation of the real
turnaround progress.

Starttime Variation

Process Duration - 50% Qantile

Process Duration - 75% Qantile

Fig. 7. Example of possible process presentation covering
the stochastic nature of the developed model [3]

Our ground management tool (GMAN) is
designed to allow the use of a wide range of
stochastic input/output distributions. In the case,
that there are no statistically reliable distribu-
tions available, we fall back to a descriptive
statistics method (five-number summary, box
plot [24]). If the data set is still unsuitable to be
described with this method (e.g. no empirical
data is available), the deterministic planned pro-
gress of the turnaround by e.g. the airport opera-
tor, the airline, or aircraft manufacturers have to
be used as a final fall back level (see Airport
Handling Manual, Ground Operation Manual,
Service Level Agreements). To ensure reliable
model results the influence of the following
parameters on the turnaround process are cap-
tured as well:

e airline
aircraft type
airport inbound and outbound
current airport
flight distance to destination
flight type, e.g. low cost
incoming delay (on gate)
number of passengers in-/outbound
type of aircraft stand

For each of these parameters, the influence
on turnaround process is defined by finding the
correlation to process specific function fitting.
The turnaround process distribution is also
augmented by tags such as e.g. a connecting
flight into a hub airport, where the tolerance
level for a delay is expected to be lower than on
other airports.
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3.3 Prediction Considering Look-ahead Time

To reflect the realistic change of available data
quality, we introduce four prediction levels for
the turnaround time. These levels are associated
with the corresponding time horizons (see
fig. 8):
e Basic - more than six months in advance
of estimated IBT,
e Strategic - between seven days and six
months of estimated IBT,
e Tactical - up to seven days ahead of es-
timated IBT), and
e Actual - after actual IBT.
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Fig. 8: Sources for process description and Trigger Infor-
mation for GMAN process prediction [25]

A higher prediction accuracy level re-
quires more reliable information. The basic lev-
el of prediction only requires the aircraft charac-
teristics defined by the aircraft manufacturers,
and represents the lowest input quality for the
turnaround planning. Along with the decreasing
time horizon both the amount and the quality of
the available data increases. However the pre-
diction at the actual level requires all essential
characteristics to be known (e.g. aircraft state
downlink). Where the basic turnaround is
roughly calculated by using information from
standard documents, the actual calculations
copes with all specific operational figures.

3.4 Delay Modeling

Prior research results points out the high influ-
ence of flight delays to the turnaround process

[2]. If the estimated arrival time of the aircraft is
not available, the following attributes are found
to be significant for the arrival delay:

e Arrival and destination airport,

e Airport category (network function, e.g.

hub, non-hub, supply base),
e Time of day, week, month, season, and
e Airline.

To derive a valid arrival delay distribution
we use empirical data sets and identify charac-
teristic delay patterns. This analysis is done for
four different airports; representing different
airport categories. Observation of specific pat-
terns over time, e.g. high delay at peaks at hub
airports, is also accounted for in the delay mod-
eling. In close cooperation with the Center for
Air Transportation Research at George Mason
University, we extend our database of turna-
round process times (based on European airport
operations) with delay data from American air-
ports focusing our airport categorization. Due to
the lack of data for European airports until now,
we use the US data source for our GMAN proof
of concept [cf. 25], furthermore these are more
suitable for testing since delay peaks are higher
in the US as in Europe. We are aware of poten-
tial conflicts caused by different operational
constrains (e.g. slot coordination, ground delay
programs, or penalty box concept) which will be
analyzed subsequently in our current research.
From our point of view, this fact is however no
critical condition for the GMAN concept testing
as discussed in this paper.

To allow for a comparison to our existing
data, we extracted data from the Aviation Sys-
tem Performance Metrics (ASPM) of four rele-
vant airports (Atlanta (ATL), New York (JFK),
San Jose (SJC), and Buffalo (BUF)) for the time
period starting at 00:00 am on 23rd July 2007 to
23:59 pm on 27th July 2007 (Monday to Friday)
[20]. The period of summer 2007 was chosen
because it represents a period of historical high
air traffic demand. The sample histogram in
fig. 9 shows the distribution of gate arrival delay
with respect to scheduled (blue) and flight plan
predicted (red) gate arrival times for Atlanta
airport as an example. The dotted vertical lines
of the corresponding colors represent the mean
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for both the cases, i.e. 12.16 minutes and 8.59
minutes respectively.

ATL,23TO27JUL-2007: Histogram of Arrival Delay: N=7347
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Fig. 9. Distribution of Arrival Delay at ATL [25, 20]

The arrival delay data showed asymmetrical
distribution about its mean value. Also, the posi-
tive and the negative delays (early arrivals)
shows different pattern with the delayed flights
having fatter tails as compared to the early arri-
vals. The same pattern is observed for the other
three airports. After isolating the positive and
negative values into separate sets, distributions
were fitted to the data. In order to identify the
relationship of arrival delays with the time of
day, the ASPM data for a 24 hour period was
filtered for the four airports used in our separate
delay pattern study [25]. The objective of this
research was to test the hypothesis that delays at
hub airports peaks with the increase in the num-
ber of active aircraft on the airport surface ac-
cording to queuing theory. For both the non-hub
airports, SJC and BUF, the number of active
aircraft throughout the day fluctuates considera-
bly with multiple peaks and troughs. The arrival
delay also doesn’t follow any distinct pattern.
This may also be attributed to the fewer number
of flights in one day worth of data presented
here. In order to be used in the GMAN envi-
ronment, this analysis will be repeated with data
from more than one day, i.e. over several weeks
to gather meaningful peak trends in the data.

5 Outlook

A first step to improve turnaround management
to be compliant to future requirements has been
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achieved, considering the presented stochastic
model. However, in a future automated envi-
ronment, it will not only be required to predict a
turnaround with high accuracy, but also to con-
trol certain processes in case of plan deviations.
This shall be achieved by introducing control
theory into the turnaround management and
advice airline operators or ground handlers how
and when to intervene into the ground opera-
tions if a delay occurs (see fig. 10) [26].

FeE T TS

Fig. 10. GMAN as a Decision Support Tool in an Opera-
tional Turnaround Control Environment

Turnaround processes will need to be
monitored either by sensor technology (e.g. ra-
dio-frequency 1identification) where possible
(e.g. fuelling, loading) or by introducing pro-
gress checkpoints to achieve this level of auto-
mation. Since resources at the airport are lim-
ited, may it be human or technical resources,
additional planning for ground handling based
on the available resources is being considered as
an important factor. Further work will be con-
ducted to include basic resource management
and airport state information (e.g. gate availabil-
ity) into the turnaround model. Further research
will also investigate how a possible human ma-
chine interface (HMI) of a decision support tool
should be implemented to provide the model
output in an understandable way to the ground
operator or handling agent. Different user inter-
faces will be created for each group, matching
their requirements based on staff interviews
planned during the next year.
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