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Effects of Pushback Accuracy On Static Apron Capacity 

Nienke Tange1, Paul Roling2 and Richard Curran3 
Delft University of Technology, Delft, the Netherlands 

The static apron capacity for aircraft with a wingspan higher than 65m is limited at 
Amsterdam Airport Schiphol (AMS) . With the introduction of new large aircraft with 
increasing wingspan, such as the B777-9X, Schiphol is faced with the challenge of realizing 
larger gates. Currently, the taxi wingtip clearance is used for pushback and towing and the 
goal of this research is to see if it is possible to decrease the wingtip clearance there. Using 
aircraft transponder data and reproducing the pushback tracks for five gates, it is shown 
that some room is available to limit clearance and thus increase capacity at some gates, but 
more capacity could be gained by providing tug drivers with extra guidance through 
Differential GPS or a ‘Follow the Greens’ system. 

I. Introduction 
n October 2016, IATA forecasted that the total passenger air traffic will double over the next 20 years. Airbus (in 
its Global market Forecast 2016-2035) expects a total demand of 9500 aircraft for twin-aisle, wide bodies like the 

A350 and the very large A380. Boeing (in its current market outlook 2016-2035) presents a growth of the total 
number of wide body aircraft from the present 4000 to 10400 in 2035. In particular, the number of medium wide 
body such as the B777 will grow from 1700 to 3700. These forecasts should not come as a surprise; despite the 
worldwide financial crisis, passenger air traffic between 2003 and 2016 increased with 6% per year. 

Airport capacity is a worldwide issue. NASA e.g. started a five-year project called Airspace Technology 
Demonstration, a series of demonstrations covering improvements of the terminal, surface and en route segments. 
Along with the FAA, American Airlines and Delta Airlines have been partners in the program since 2014. As, 
Lorene Cass, American Airlines’ Vice President of the Integrated Operation Center, so aptly put it: ’Surface 
operations today are the most inefficient phase of the flight.’  

In the long term vision approach of Amsterdam Airport Schiphol (AMS) a passenger market growth of 4 to 5 
percent per year is also expected. In reaction to this growth Schiphol is designing new and redesigning existing 
piers20 to increase its capacity. As apron surface area at Schiphol is restricted, more efficient ways of handling 
passenger air traffic movements are currently under development to cope with a future capacity problems, besides 
expanding and rebuilding the apron area. Even with the newly designed piers, the number of gates where wide body 
aircraft can be handled is limited.  

Currently, the taxi wingtip clearance is used for pushback and towing. With accurate pushback movements, these 
clearances may be reduced and static apron capacity could be increased. 

 The following research question will be answered: Is the spread of the analyzed pushback tracks at Schiphol 
sufficiently small to justify a decrease in wingtip clearance for pushback movements? 

 

II. Amsterdam Airport Schiphol 

Amsterdam airport Schiphol (AMS) has a single roof terminal layout with finger piers, which are characterized 
by a dense infrastructure. Aircraft are parked nose-in, which requires less space but also requires assistance of a 
pushback tug when the aircraft wants to leave the gate.  
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constructed so that it is the average track where the 
mean distance of the set of coordinates of the 
individual splines to the set of coordinates of the 
reference splines is zero. As the reference is the 
average of all pushbacks, the reference spline lies at 
zero deviation according to the constructed 
histograms.  

At gate E6 and E20, a left turn is required to 
complete the pushback up to the taxi lane. Gate E7 
requires a right turn and E6, E8 and E22 is a straight 
backwards pushback. E6 and E22 have to perform a 
slight curve, whilst E8 is straight until the point where 
all the tracks coincide.  

Table 1 shows the standard deviations per gate, 
which vary from 1.5m for E6 S up to 3.5m for gate E8. 
The straight pushbacks, E6 S and E8, show the 
smallest and the largest deviation. As the clearances are only important when the aircraft are parked at the gate, the 
spread is also derived for the straight part of the 
pushback, before the aircraft initiates the turn and 
crosses red clearance line. The standard deviation is 
lower before the red clearance line than for the total 
pushback for all gates, which is what we would 
expect. 

The standard deviation is used to measure the 
spread of the pushback tracks per gate. To determine a 
minimum wingtip clearance, AAS defines an 
acceptable level of safety, which is met when 99.73% 
of all apron movements have a spread that is smaller 
than the wingtip clearance. As the distribution of the 
measurements follows a normal distribution, so, 
99.73% of all measurements fall in a spread that is 
three times the standard deviation, which is then 
calculated in table 2. 

The wingtip clearance between E20 and E22 reduces to 6.7m, which is 0.7m below the minimum. The spread of 
the pushback tracks resulted in an acceptable level of safety of 5.7m for gates E20 and E22. So the spread of the 
tracks is 1m lower than the reduced wingtip clearance. When the B777-9X is simulated on gate E22, the wingtip 
clearances reduce to 6.7m and 6.8m. As the acceptable level of safety is below these distances, E22 could be 
upgraded. So, the spread of the pushback tracks at gate E20 and gate E22 are sufficiently small to justify an upgrade 
of either E20 or E22 to accommodate a category 9 B777-9X. The remaining options show a larger spread that do not 
allow for an increase in wingspan. 

IV. Pushback Guidance Concepts 

The data analysis shows that the spread of the total pushback maneuvers is larger than the minimum wingtip 
clearance for 50% of the gates. In these cases, a wingtip clearance reduction for the pushback is not feasible. 
Accurate and consistent maneuvers are essential before wingtip clearances can be reduced. 
 Exist tools for an accurate pushback maneuver are wing walkers, marshals and pushback guidance lines. 
Schiphol has used wing walkers and marshal assistance in the past and still has guidance line at several gates, but 
human assistance is not preferred on the ramp as this brings extra safety risks and costs to those persons. Also, to 
keep the pushback time below acceptable limits, the pushbacks should be conducted with a speed of 15 km/h. is also 
not recommended to install any extra equipment on the aircraft. 

Simulations define a specific track for each type of aircraft, but the tug driver is unaware of these desired 
tracks as they are not described in the SOP or indicated on the apron surface so to execute a pushback according to 
the track prescribed in the simulation, the tug driver needs an extra form of guidance, which could be a system on 
the apron, integrated into the existing infrastructure, or a system in the tug. It is not deemed practical to install extra 
equipment on the aircraft. 

Table 3: Acceptable clearance (99.73%) per gate 

Gate  Total [m]  Before line 
[m] 

E6 straight  4.5  3.3 

E6 turn  9  8.7 

E7  6.9  5.4 

E8  10.5  6.6 

E20  9  5.7 

E22  6.6  5.7 

 

Table 2: Standard deviation for pushback 
movements per gate in total and before the red 
clearance line 

Gate   Total STD [m]  STD before line [m] 

E6 S  1.5  1.1 

E6 L  3  2.9 

E7  2.3  1.8 

E8  3.5  2.2 

E20  3  1.9 

E22  2.2  1.9 
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