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Abstract: The longer scheduled turnaround time, and the shorter arrival delay will be reduced 

the departure delay expanded. This study collects the Flightradar24 flight information of 

September 2-8, 2018. With a multivariate regression analysis estimates the delay in the 

average departure time of the Penghu airport. The result shows that each flight arrival delay 

will be increasing the delay of 0.67 minutes, when the pilot controls the taxi-out time will 

reduce the delay of the departing flight 0.37 minutes, and the expected turnaround time of 

schedule can reduce the delay of departing flights by 0.30 minutes. The average delay time of 

departure flights is 13.59 minutes, which is an acceptable. Furthermore, the scheduled 

timetable of Penghu airport does not cause departure flight delay. The most effective way is to 

reduce the delay of arriving flights, the taxi time of the departing flights, and adjusting 

turnaround time. 
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1. INTROUCTION 

 

Since low-cost airlines are saving costs in optimizing control of short-haul routes and ground 

transit time, traditional airlines have also taken advantage of advances in smart 

(self-monitoring analysis and reporting technology) technologies to develop optimized 

reference models and monitored the unloading, unloading, cleaning, and catering of aircraft 

such as by using the Gantt chart visual monitoring system, refueling, loading and other 

operations. Lufthansa Systems Co., Ltd. is a leading provider of airline smart technology, 

Muzik (2017) believes that on-time turnaround has become aviation a key factor in the 

success of the company's operations, although for many airlines, active control of ground 

processes is still a relatively unknown area. To successfully implement turnaround 

management, airlines must consider the following areas of action: defining and establishing a 

reference model, agreeing with the appropriate suppliers, monitoring the current ground 



 

 

handling, defining the target time and actual time, and immediately turning to the service 

provider after-sales monitoring set up appropriate service level agreements, performance 

monitoring and analysis through quality and service level agreement management. With the 

increasing demand for aviation, the supply of airport airside capacity is limited. In particular, 

runways and aprons are often the bottleneck of airport airside facilities, and how to use air 

taxi flight time that has not yet been effectively used? The management of apron or gate 

pushback time to increase the efficiency of the use of airport facilities is actually a 

long-standing challenge for all countries in crowded airports. In particular, airports and 

airlines are committed to building a good environment. Energy-saving, carbon-reduction and 

fuel costs have become the biggest expenses in airline operations. If we can reduce the 

consumption of aircraft on the apron, taxiways, and runway fuel, we can not only reduce 

airports. In addition to the impact of environmental carbon emissions, it can save the cost of 

airlines. Therefore, it is the current research focus for air traffic control units to strengthen the 

facilities for efficient and systematic advanced flow management systems. Second, improper 

schedules and runway and gate scheduling often result in inconvenience to passengers and 

loss of profits from the industry. Therefore, this study intends to improve the congestion of 

the airport, and hopes to review the airport's airside operations management against the 

characteristics and needs of the domestic civil aviation environment through the airside air 

traffic regulations, procedures, flow management, and schedule design measures and 

strategies. Related issues, identify the main influencing factors, and further seek improvement 

strategies. 

This paper discusses the current management issues of regular schedules, runways and 

the airline’s turnaround performance, and the apron back stepping time generated by the 

relationship among the three, in order to understand the aircraft’s management of runways 

and aprons. To discuss how to effectively use the runway capacity approach and the 

rationalization of the aerodrome turnaround time, apply the mathematical planning model, 

and assess the time use efficiency and flight delays of runways, aprons and taxiways. First, 

review the effective management of airport airside operations. Literature such as studies of 

aircraft taxiways and runway schedules, taxiway and runway control procedures, optimization 

of taxi time patterns, flight taxi route dynamics, taxi-in and taxi-out of the gates and aprons, 

ground monitoring systems Data analysis: fuel consumption, aircraft timing decision-making 

after pushback, optimization of fuel consumption for aircraft ground operations and 

estimation of regression, study of aircraft rotation patterns, use of apron capacity, and 

estimation of relevant literature on the use of runway and apron capacity. Basically, the 

arrangement of the take-off and landing order of the peak hour flight is the best response to 

the use efficiency of the runway capacity and the service level of the apron turnaround plan. 

There are four topics of turnaround to be discussed in this study, such as the flow point for 

delays in aircraft turnaround, how to decide which aircraft to which aprons, how many buffer 



 

 

times are needed to allocate the time point of the apron timetable, and how to balance the cost 

of aircraft taxiing fuel consumption and the current apron generated at the time point of the 

best apron schedule. The total cost between aircraft taxi fuel consumption costs at the time of 

the flight schedule is minimized. Therefore, this study proposes a two-phase mathematical 

planning concept. 

The first stage is to propose the turnaround delay of the aircraft at per week. It is 

proposed to meet the concept of flight requirements, compute the turnaround time for 

schedule/real operation, and turnaround time delay between schedule and real operation 

turnaround at the different day. The apron turnaround time such as unloading, cleaning, 

catering, refueling, loading, etc., as well as practical unloading, cleaning, catering, refueling, 

etc. During the service hours such as loading, use the route method or Gantt chart to find out 

the flow point of the aircraft rotation delay. In general, the turnaround time depends on the 

type of aircraft, the number of passengers, and the business model of the aircraft operator. 

Aircraft turnover consists of various processes typically provided by multiple service 

providers. The process of activities follows a strict chronological order, but some processes 

can be performed simultaneously, while others can only be performed sequentially. It is also 

necessary to consider the type and measurement of the classification decision variables in the 

management concepts. 

How to solve the turnaround delay time in the peak hours in the second stage? It is 

proposed to define the significance and measurement of the schedule of the schedule system 

to construct a regression model aiming to estimate delay of the schedule system, and to plan 

whether the schedule of each flight is timetable. It is necessary to select the optimal variables 

of the schedule at a certain point in time and whether the schedule of each flight should select 

the decision variables of the current schedule at a certain time. The restricted conditions also 

consider that the departure time of the departing flight at the apron must be earlier than the 

departure time of the aircraft, and the arrival time of the flight at the apron must be later than 

the time when the aircraft reaches the runway. At the same time, it will also consider that the 

best schedule time point for each aircraft on the apron and the current flight schedule time can 

only select one that will affect the normal operation of the schedule and the use of aerodrome 

capacity, and design the current schedule. The time points can be moved forward or backward 

by a few minutes to meet the actual operation conditions. With regard to simulation example 

tests, the management of the aircraft's flight time and runway taxiing time for the 

above-mentioned aprons assignment and turnaround time management were analyzed to 

provide a reference for the airport's ground taxi time management strategy.  

The turnaround delay management can evaluate the performance and operation 

efficiency of each airline turnaround and each apron facilities at Taoyuan International 

Airport. The turnaround delay model can applied to evaluate and analyze operation strategies 

of apron utility policy and airlines turnaround times. This paper can analyze the congested 



 

 

distributions of time points at the timetable and how to propose the managing strategies of 

turnaround delay problems for airfield operation. This paper first reviews airport passenger 

apron operation and apron capacity management to select suitable evaluation criteria for 

apron operation performance. Then, the paper use one week of quantified competitive apron 

capacity, turnaround time on apron, carrier attributes, flight distance for each route, and 

aircraft seat size and apron size as the constraints. Following this, a relationship coefficient is 

applied to select the suitable variables to evaluate and select those carriers and aprons with 

good performance. Regression models for airport capacity service and management are 

constructed and capacity service levels proposed. Finally, this paper proposes improvement 

strategies, gives conclusions and suggestions for the future. 

 

 

2. SCHEDULE DISRUPTION, TURNAROUND, TAXIING TIME MANAGEMENT 

BETWEEN APRON AND RUNWAY AND APRON CAPACITY CONSTRAINTS 

  

A number of researchers have proposed time slot allocation management with the aim of 

decreasing congestion at airports. (Cao and Kanafani,2000; Li 2003 Li 2003). A suitable 

allocation time slot not only satisfies airlines, but in relation to effective airport capacity 

management it also decreases flight congestion and the cost involved in air traffic control. It is 

thus important to effectively arrange current airfield capacity and to avoid scheduled flight 

delays. When flights take-off and land they use the runway, taxiway, and apron facilities. The 

controlling factors in airfield capacity at each time period are thus decided by the climate, 

aircraft separation rules, flight speed, geometry of runways and taxiways, apron push back, 

and the size of the apron stand. Therefore, airfield capacity is a variable at each time period, 

and this becomes a key issue during peak hour capacity (Cao, Kanafani, 2000; Li, 2001, 

2003). 

 

2.1 Research on Aircraft Turnaround Model 

 

Mota, M.M., et al.(2017) and Schmit (2017) recalls that the flight operations and simulation 

methods of aircraft are shown in Table 1. The ground operation procedures are the connecting 

elements of aircraft route operations and airport infrastructure. Effective flight turnaround 

efficiency is an important part of the airline’s success, especially in regional and short-haul 

routes. Therefore, as the processing traffic increases, the progress of ground operations is 

imperative. It is also necessary to consider the reliability of ground operations and the comfort 

of passengers. Recalling aircraft ground operations, aircraft turnarounds and passenger 

processes, pointing out that key challenges faced by airline operators, such as airport capacity 

limitations, schedule disruptions and cost pressures, must attempt to reduce the apron traffic, 



 

 

passenger procedures and aircraft taxiing, It is found that most scholars are mainly based on 

the measurement of random functions. Compared with energy, this method can detect the 

relationship between the point and time of the Turnaround process and the operating 

efficiency under limited time and capacity constraints. It has not been able to optimize the use 

of time and configuration operation. 

 

Table 1 Estimation model of flight turnaround  

Research authors Year Method Research purpose 

Andersson  2000 Intrger programming  Turnaround 

Voulgarellis  2005 Matlab Flight plan 

Ioannidis  2005 Simulink  Flight plan 

Wu and Caves  2004,2008 Make chain Turnaround 

CAST Ground Handling  2009 Simulation Turnaround 

Sanchez  2009 Random function Turnaround 

Schlegel  2010 Random function Turnaround 

Norin (Arena)  2012 Simulation Turnaround 

Tian  2013 Simulation Turnaround 

Mota  2015 Simulation Turnaround 

Bevilacqua et al.  2015 Random function Turnaround 

Schmidt et al.  2016 Random function Turnaround 

Mota, M.M., et al.  2017 Simulation Turnaround 

 

2.2 Flight Decision-making Resource System 

 

The aircraft flight push is an important and key influencing factor for airside ground 

management of airports. Especially in crowded airports, this problem has been paid more 

attention. Therefore, the process of aircraft pushback is a basic analysis to solve blind spots or 

conflicts in airport aircraft. The shortest taxi time as the target value of the research model, 

considering the combination of the known position of the gate, applying the hierarchical 

algorithm to analyze, and finally certifying that the aircraft push back procedure of this study 

can effectively reduce the conflict and enhance the job management standards. Burgain, P., 

Pinon, O.J., Feron, E., et al. (2012) consider that the development of airport ground 

monitoring technology has made the provision of aircraft ground location information more 

and more accurate and feasible. This paper proposes to optimize the push-back time of aircraft 

departures at airport ground monitoring systems. Developing a decision model of a single 

apron with a ground-based monitoring system at LaGuardia Airport in New York provide 

controls. The best decision framework is between the staff and the detection and monitoring 



 

 

system. Not only can we know the emissions of each aircraft, the number of taxi flights, and 

the use rate of the runway. The strategy discussion can be conducted through ground 

monitoring of information comparison and evaluation of postponed time to accept threshold 

time. This article estimates that there is no significant benefit to the number of flights on the 

runway after the best control of a single apron is pushed back, but it is more effective when 

the weather is bad. 

Michael Carpenter, Steven Stroiney (2012) assist the use of decision-making resource 

system tools for the control of gate operations in Jenig Airport and Atlanta Airport. He Used 

Saab Sensis’s ground monitoring information historical data to understand the characteristics 

of taxi delays, and to estimate the factors that interfere with the apron delays, to establish 

apron resource system tools, and to use airport control decision resource system tools to 

display the average of each US Kennedy airport Once arriving on the flight, the benefit of a 

0.9-minute delay can be reduced to the cost of fuel consumption. The fuel cost savings of 1.2 

million U.S. dollars will be achieved each year, the airlines will save operating costs of 4.3 

million U.S. dollars, and passengers will receive 7.5 million U.S. dollars in convenience. The 

sexual value can save about 3,500 tons of carbon dioxide emissions. Similarly, according to 

estimates from the apron control decision-making resource system, the average benefit of a 

0.8-minute delay can be reduced for each arriving flight at the Atlanta airport, which 

translates into an annual savings of fuel cost of 2.9 million dollars, and an airline savings of 8 

million dollars. With the operating costs, passengers will receive a convenient value of US$14 

million, while CO2 emissions will save 8,500 tons. Zhao Wenzhi (2012) believes that the 

traction taxiing of aircraft before take-off is the subject of economics of the system. 

Estimation of the fuel consumption of the tractor must include the cost reduction, increase in 

revenue and payload, and increase in aircraft use when the aircraft taxiing out. With reduced 

operating time, it also reduces flight crew hours. 

 

2.3 Taxi Time Management between Gate and Runway 

 

Diana Tony (2018) reviews the related estimation models of aircraft taxiing time between 

gate and runway show as Table 2. They are Balakrishna, P., and Ganesan, R. (2010), Ravizza, 

S., Chen, J.J.and Atkin, A.D et al.(2014) and Lordan, Oriol Jose M. Sallan, Marta 

Valenzuela-Arroyo (2016), which predict aircraft taxi time to manage flights departure. Gao 

Wei, Zhang Jia, and Wang Taobo (2013) believe that the optimization of airside ground 

operations has become an important issue. In order to resolve the apron conflict, a 

knowledge-oriented model has been established based on airside ground operations rules. In 

addition, the current actual operating efficiency was compared with the simulation of the 

Xiamen Airlines flight gate at Gaoqi Airport and the actual schedule. The results of this study 

can be used as a reference for flow controllers at the apron and as workloads for 



 

 

understanding flow controllers at the apron. The delays can be used as a basis for improving 

air ground operations and gate assignments. Zhao Gui-Hong Du Ya-Ping (2013) One of the 

reasons for the airside delay of the airport is the unreasonable configuration of the apron. It is 

considered that it should focus on how to rationally configure the reasonable operation of the 

apron operation to reduce the operation time of the apron. The algorithm is used to solve the 

order of aircraft services. The simulation results of the optimization mode show that the apron 

operation time of the optimization mode is not only reduced, but also makes the flight time of 

the market more accurate. Cahill Joan, Redmond Peter et al. (2013) developed an advanced 

ground collision system to address the safety of the captain on the apron and taxiway 

operations and develop human-computer interaction. 

Table 2 Estimation models of aircraft taxiing time  

Author Method Year 

Simaiakis and Balakrishnan Queueing model 2009 

Balakrishnan et al. 
Non-parametric reinforcement learning model set in the 

probabilistic framework of dynamic programming 
2010 

Srivastava 
Linear regression models to predict taxi-out and taxi-out 

delays 
2011 

Deshpande and Arikan 
Determination of flight delay costs under newsvendor 

model 
2012 

Rebollo and Balakrishnan 
Random Forest model Analysis of classification and 

regression performance. 
2012 

de Leege et al. Machine learning model to predict arrival trajectory. 2013 

Diana Survival Models and frailty analysis 2013 

Stefan Ravizzaa, Jun Chenb, 

Jason A.D. Atkina, Paul 

Stewartb, Edmund K. Burkec 

Fuzzy membership function 2014 

Ravizza et al. 2014 
Multiple linear regression, Least Median Squared linear 

regression, fuzzy ruled-based 
2014 

Kim 
Non-parametric additive models using splines Short-term 

forecasting time. Linear and median regression 
2016 

Lee et al 
Linear regression, support vector machines, k-nearest 

neighbors, random forest, and neural networks model 
2016 

Lordan et al. 
Log-linear regression to estimate taxi-out time Model 

included route- and interaction-specific factors. 
2016 

X. Zoua,, P. Chenga,, W.D. 

Liub, N. Chenga, J.P. Zhang 
Optimization model 2018 

Diana Tony Compares the performance of ensemble machine learning, 2018 



 

 

ordinary least-squared and penalized algorithms to predict 

taxi-out time 

 

Shuo Liu, Wenhua Chen, Jiyin Liu (2014) focuses on the gate assignment of the 

approach aircraft, and considers the restrictions on the safety of the airside operation. The 

goal is to minimize the idle time of the main engine, and to consider the size of the aircraft 

and the gate. The constraints of suitability are associated with the danger of avoiding potential 

conflicts with gate operations to develop an optimized models. Jakub Hospodka (2014) 

proposed the study of the airport airborne aircraft electronic taxi system. The main focus of 

research is on the economic impact of using electronic taxi systems and the possible cost 

savings. One of the reasons for the airside delay of Zhao Gui-Hong Du Ya-Ping (2013) is the 

unreasonable configuration of the apron. It is believed that the rationality of how to 

reasonably configure the apron operation service to reduce the apron operation time should be 

used. The algorithm solves the order of flight services. The simulation results of the 

optimization model show that the apron operation time of the optimization model not only 

decreases, but also makes the departure flight time more accurate. Shuo Liu, Wenhua Chen, 

Jiyin Liu (2014) focuses on the assignment of the aircraft to the approach aircraft, and 

considers the limits of air-side operation safety. The goal is to minimize the total idle time of 

the main switch and to consider the aircraft size and the gate. The limitations of the suitability, 

and the danger are avoiding potential conflicts of gate operations in order to develop a set of 

optimization models. 

Li (2017) proposed to analyze the relationship between timetable delays and airport 

ground flight taxiing management in order to formulate and solve the aircraft apron allocation 

issues for the congested airports. An optimized mathematical planning model was used to 

simulate the taxi speed between the runway and the apron and the allowable waiting time for 

the apron to meet the airport capacity limit. This study selected Taipei Songshan Airport’s 

flight details, schedules, airport layout, and airport operations as parameters. The results show 

that the best timetable is better than the current timetable. It not only guarantees that the 

minimum taxi time between the runway and the apron is the shortest, but also shows that 

some schedule time points are the shortest runway operating time and multiple service times. 

It is recommended that airport management departments set airline turnaround time service 

standards in order to improve the efficiency of airport operations and recommend how airport 

authorities allocate flights back and forth at the same time point adjacent to the apron to avoid 

airport congestion. In order to achieve efficient airport operation and schedule management, it 

is necessary to develop a model that can measure and check whether the current timetable 

matches the performance of the airport. Li (2017) has also established an optimized 

mathematical programming model to use the aircraft served by the northern runway of 

Taoyuan International Airport to establish the aircraft fuel cost function after pushing the 



 

 

aircraft to the runway head and analyze the peak schedule of arrival/departure flights for 1 

hour. The results show that the average taxi cost and taxi time for each flight will be 351.25 

USD and 8.7 -19.15 minutes, respectively. If the pilot controls the speed of flight at 15-35 

km/h, the minimum taxi time for 20 flights can be reduced to 161-186 minutes. If the pilot 

uses the runway 5L to take off and land, he can save $1299 in one hour. The time interval for 

the proposed schedule is five minutes for easy management and control. 

 

2.4. Application of Ground Monitoring Technology 

 

Burgain, P., Kim, S.H., and Feron, E.(2014) believe that whether airport departure flight 

operations are smooth or not is mainly due to whether airline flights delay excessive flights 

will lead to the workload of controllers and flight crews. Therefore, how to reduce emissions 

and delays? Not only can the amount of runway takeoffs and landings be improved, this 

section examines the benefits of environmental and safety benefits that will be brought about 

by the expansion of airport ground monitoring technology, and discusses strategies for the 

aircraft deployment of gates or aprons. This article takes Boston Airport, LaGuardia Airport 

in New York and Tacoma Airport in Seattle as examples. The results show that by improving 

the monitoring technology, the airport can be reduced to an average of 4% to 6% of the 

number of taxiway systems. the amount. It can also reduce aircraft carbon emissions. 

 

2.5. Estimation and Prediction of Aircraft Fuel Consumption  

 

Tasos Nikoleris, Gautam Gupta, Matthew Kistler (2011) used data on the actual airside 

position of DFW airport and calculated the fuel consumption and emission index at each stage 

according to the ICAO aircraft database. The carbon emissions and fuel consumption of each 

aircraft during each coasting phase are shown. The results show that the de-stressing of the 

aircraft will lead to 18% fuel consumption, such as the taxiway system at Dallas Fort Worth 

Crowded Airport. Idle and taxiing or near standstill will result in increased fuel consumption 

and emissions. 

Harshad Khadilkar, Hamsa Bslakrishnan (2012) used the ground-taxing voyage to 

operate operations related to flight data record information to establish fuel consumption for 

aircraft taxiing. In this study, the taxi fuel consumption is designed as a linear function, and 

the taxi time, number of stops, number of taxi turns, and number of accelerations are used as 

explanatory variables to predict the taxi fuel consumption of any aircraft. The results of the 

study show that the important factors that determine the fuel consumption for taxiing are the 

taxiing time and the number of accelerations. Both will affect the fuel consumption of taxiing. 

Burke, E. K., Stewart, P., Ravizza, S., et al.(2013) also trade-off between taxi time and fuel 

consumption for the airport ground movement. Rui Guo, Yu Zhang, and Qing Wang (2014) 



 

 

believe that the search for reducing the consumption of aviation fuel consumption has always 

been the focus of the aviation sector. However, it is very difficult to improve the fuel 

efficiency of flight routes, due to technological obstacles and safety requirements. , Air 

transport operations. Recent efforts have emphasized the development of new technologies 

for the Airborne Ground Propulsim System to reduce fuel consumption and emissions from 

ground-based aircraft movement. This paper compares the impact of various different 

(traditional, single engine, external system, and onboard systems) ground plane propulsion 

systems on the airport environment in 10 U.S. congested airports. The results show that the 

best performance is the on-board system, especially the emission data is reduced to the best 

degree. The performance of the external system is the worst. The single engine system can 

reduce the emission of HC and CO, but it will increase the emission of NOx. Tony Diana 

(2013) examines the factors that influence the operational factors of aircraft taxiing, taking the 

Kennedy airport as an example, and applying the regression model to explain the difference in 

the taxi-out time in the summer of 2006-2007. The regression model shows the percentage of 

impact delays and airport use capacity. It is mainly due to the fact that when the weather 

conditions are not good, the longer the delay in the taxi-out time is, the longer the delay will 

be than the delay in departing flights, the delay in arriving flights, and the departure time.  

The number has a greater impact. Wang Jincai, Lu Yishen and Li Suiling (2013) 

analyzed the takeoff and landing expectation at major airports in Taiwan on the A320 flight. 

Differences from actual fuel consumption and multi-regression analysis are conducted 

through real flight phase data to establish the aircraft fuel consumption model to estimate the 

impact of relevant fuel consumption factors for each flight phase. The research results show 

that the accuracy of the flight plan is one of the major factors affecting the fuel economy of 

the aircraft. However, the fuel consumption impact variables of the gliding, climbing, cruising, 

descent, and entry phases in actual aviation are all different. The voyage regression model 

yields the most effective of the fuel economy in the operational variables of speed adjustment 

and aircraft weight reduction as controllable. 

 

2.6. Multi-objective Construction of Ground Taxi Fuel Consumption and Emissions 

 

Wang Jincai, Lu Yishen, and Li Suiling (2013) studied the fuel consumption of the A320 and 

found that the flight time of the aircraft is very close to the congestion level of the airport. The 

busy airport can easily cause an increase in the ground waiting time of the aircraft, indicating 

that the coasting fuel consumption is time-consuming. Proportionally, the average fuel 

consumption per second is between 0.40 and 0.61 pounds, with an average of 0.517 pounds 

per second. If the aircraft is on the ground for one minute more, it may result in 30 pounds of 

oil consumption. Taoyuan and Taichung Airports at Chingchuankang Airport are shorter than 

Songshan Airport. The number of ground speeds approaching zero at Songshan Airport 



 

 

(ranging from 50 to 200 seconds) occurred. Therefore, the longer the ground stop time, the 

longer the fuel consumption will continue to increase. 

The study found that Songshan, Taoyuan, and Taichung Airports all had their usual 

dominant runway direction, Songshan was the 10th runway, Taichung was the 18th runway, 

and Taoyuan was the 05 runway. The use of the dominant runway direction was not aimed at 

fuel-efficient operations. Is due to weather (prevailing wind) factors, or its runway direction 

has more excellent equipment, such as runway lights, instrumentation facilities. Different 

taxiing distances caused by different runway directions directly reflect the increase in fuel 

consumption. Taichung Chingchuankang Airport and Taoyuan Airport can get larger taxi 

speeds. Songshan Airport has limited air taxiways and aprons. In recent years, it has opened 

up direct flights between the two banks and has gradually increased many international direct 

flight destinations, resulting in a large number of flights. As a result of congestion, the gliding 

speed cannot be increased. However, Taoyuan Airport with more air taxiways and aprons, and 

Taichung Airport with less flights at the airport, can achieve relatively high taxi speeds. Take 

Songshan Airport as an example, the fuel consumption trend gradually decreases as the taxi 

speed increases, and the slower taxi speed will lead to more fuel consumption. As the ground 

speed approached zero, the waiting time per second would increase by 0.395 pounds of fuel, 

which would increase the fuel consumption by 23.7 pounds per minute. Therefore, the aircraft 

should avoid excessive waiting on the ground. If the taxi speed is 10 knots as a benchmark, 

increasing the ground speed to 15 knots will reduce fuel consumption by 60.34 pounds. Under 

the provisions of the taxi speed limit, speeds of more than 10 knots should be maintained and 

the taxi speed should be appropriately increased to reduce fuel consumption. Airlines usually 

use the same gliding oil for the same type of aircraft, but the global airport has its own 

differences. The taxi time is relatively increased due to the size of the airport and the 

congested capacity of the airport. The same gliding oil does not match every airport. Situation, 

it should monitor and calculate the actual taxi time, in order to avoid these factors leading to 

the pre-planned fuel waste or shortage. Lower gliding speeds result in increased fuel and time. 

Within the scope of the company's standard operating procedures, a certain taxiing speed 

should be achieved under the air traffic control permit, effectively reducing aircraft fuel 

consumption. 

Yi Liu, Mark Hansen, Gautam Gupta, Waqar Malik, and Yoon Jung (2014) engaged in 

the evaluation of advanced automation technologies at the airside of the airport and believes 

that in the past most of them focused on the use and delay of capacity reduction and 

mitigation, as well as the efficiency and impact of fuel use. Due to the lack of airport airside 

operations data, the management of airside operations and the assessment of their 

performance are less discussed and studied. Therefore, this paper proposes a comparatively 

detailed assessment and forecast impact on airport airside automation. Including the taxi-out 

time, take-off time and take-off order, and entering the airside can all be predicted. Simaiakis, 



 

 

I., Khadilkar, H. and Balakrishnan, H., et al (2014) considers that when the airside is crowded, 

it will lead to an increase in the flight time of flights, so this article takes the Boston 

International Airport as an example and proposes an instrument control machine. Push back 

the gate to avoid excessive overcrowding on the airside in order to reduce the flight time to 

the runway. The results showed that when 247 flights were at the gate, an average increase of 

4.4 points per flight was waiting at the gate, which would reduce the fuel consumption of 

12,250 to 14,500 kilograms. 

 

 

3. MEASUREMENT AND ASSESSMENT OF AIRLINE TURNAROUND DELAY 

MANAGEMENT AT PENGHU AIRPORT  

 

3.1 Air Passenger Transportation at Penghu Airport 

There are north and south runways at Penghu Airport. Because the north runway only serves 

the passenger flights taking-off and landing, this study only analyzed the north runway 

taxiways, A1-A9 passenger aprons as shown in Figure 1.  

 

Figure 1 The location of A1-A9 passenger aprons 

This study used the data of air passenger schedule flights at Penghu Airport from 2 September 

to 8 September on 2018. Table 3 shows that there are more passenger flights for very short 

hauls. Different sized passenger aprons serve different aircraft at Penghu airport, as shown in 

Table 1. The apron-gate turnaround time depends on the quantity of freight to be loaded or 

unloaded, and the aircraft’s suitability and operation, which is usually expressed by gate 

position, number and size, and the load/unloading facilities and equipment. There are six 

aprons for B738 aircraft, three aprons for E190 aircraft. But the main aircraft is ATR72 for 

service for the Penghu airport. The turnaround time for the different aircraft is about 30 

minutes depending on the layout of the unit load device. Table 3 shows that the maximum 

time for a A320 is 40 minutes. This study also estimates each group aprons the maximum 

number of aircraft operation at passenger aprons. 

 

 



 

 

Table 3 Maximum number of aircraft operation on passenger aprons at Penghu airport 

Apron name Amount  

Minimum 

aircraft 

 type 

Maximum 

aircraft 

 type 

Schedule 

turnaround 

time  

(minutes) 

Operation 

turnaround 

time  

(minutes) 

A1-A6 6  ATR72 B738 25-30 30-55 

A7-A9 3  ATR72 E190 20-30 30-40 

 

4.2 The Variables of the Influence factors of Airline Turnaround Time  

 

In order to realize which type is more suitable for measuring departure delay model and real 

turnaround time of different aircraft. Then, this study makes some assumptions to select 

important variables and construct regression model. This study uses delay time of arrival 

aircraft, scheduled turnaround of timetable, taxi-out time from apron to runway threshold, the 

passenger number of departure flight, and the luggage weight of departure flight. This study 

evaluates which factors are suitable dependent variable. Independent variables are the delay 

time of departure aircraft.  

In this study, selection of the dependent variable and independent variables are presented 

as follows 

D-delay i , j : Represent the delay time of departure aircraft i  for airline j   

A-delay i , j : Represent the delay time of arrival aircraft i  for airline j  

S-turnaround i , j : Represent the departure time of timetable minus arrival time of timetable  

for  scheduled  aircraft i  airline j  

R-turnaround i , j : Represent the real departure time minus real arrival time for scheduled  

aircraft i  airline j  

Taxi-out i , j : Represent the taxiing time of aircraft i  airline j from apron to runway 

threshold  

A-pax i , j : Represent the passenger number of arrival aircraft i  airline j  

A-luggage i , j : Represent the weight of arrival aircraft i  airline j  

D-pax i , j : Represent the passenger number of departure aircraft i  airline j  

D-luggage i , j : Represent the weight of departure aircraft i  airline j  

The Table 4 shows the relationship coefficient between departure delay time, arrival 

delay time, the turnaround time of apron operation, and delay time of departure time were 

found to be very closely related. The apron capacity is considered to have a strong 

relationship coefficient between schedule/real turnaround time of passenger aprons. The 

different flight of aircraft seats size also impacts the schedule/real turnaround time more or 

less. 

 



 

 

Table 4  The relationship between the variables 

 
S-turn 

around 

R-turn 

around 
Taxi-in  

Taxi-out 

 
A-delay D-delay A-pax 

A- 

luggage 
D-pax 

D- 

luggage 

S-turnaround 1 .688(**) .062 -.044 .020 -.511(**) .255(**) .230(**) .255(**) .263(**) 

R-turnaround .688(**) 1 -.057 -.210(**) -.211(**) -.090 .129(**) .137(**) .250(**) .228(**) 

Taxi-in   .062 -.057 1 -.116(*) .112(*) .053 .000 -.029 .022 .058 

Taxi-out -.044 -.210(**) -.116(*) 1 -.811(**) -.881(**) .047 .025 .020 .026 

A-delay .020 -.211(**) .112(*) -.811(**) 1 .700(**) .094 .072 .103(*) .122(*) 

D-delay -.511(**) -.090 .053 -.881(**) .700(**) 1 .038 .035 .097 .103(*) 

A-pax .255(**) .129(**) .000 .047 .094 .038 1 .836(**) .197(**) .196(**) 

A-luggage .230(**) .137(**) -.029 .025 .072 .035 .836(**) 1 .223(**) .219(**) 

D-pax .255(**) .250(**) .022 .020 .103(*) .097 .197(**) .223(**) 1 .902(**) 

D-luggage .263(**) .228(**) .058 .026 .122(*) .103(*) .196(**) .219(**) .902(**) 1 

* Represents under the level of significance is  =0.05(two tails), we accept Pearson correlation coefficient 

** Represents under the level of significance is  =0.01(two tails), we accept Pearson correlation coefficient 

 

4.3 Departure Delay Model and Turnaround Time Model 

 

It is less research to discuss whether the turnaround-time operation will cause the delay of the 

flight schedule to be expanded. The study applied regression model to estimate the departure 

delay model and real turnaround time of different aircraft. This the departure delay model and 

real turnaround time of different aircraft show as function (1) and (2). The result (1) shows 

that each flight arrival delay will be increasing the delay of 0.67 minutes, when the captain 

controls the taxi-out time will reduce the delay of the departing flight 0.37 minutes. At the 

same time, the expected turnaround time of the Penghu airport schedule can reduce the delay 

of the departing flight by 0.30 minutes. The regression model shows that the average 

departure flight delay time is 13.59 minutes, which is within the acceptable range. Therefore, 

the scheduled timetable of Penghu airport does not cause departure flight delay. Furthermore, 

the most effective way to control the delay time of the departing flight is to reduce the delay 

in arriving the flight, followed by controlling the taxi time of the departing flights, and 

adjusting the use efficiency of planning the appropriate turnaround time. 

The function (2) shows the difference between turnaround time of timetable and the real 

turnaround time is 0.68 multipliers.  

 

D-delay i , j =13.58+0.67 A-delay i , j -0.37 Taxi-out i , j -0.30 S-turnaround i , j   (1) 

          (t=11.37)(t=28.59)    (t=-14.54)        (t=-10.56)   

R2 = 0.934  F=1810.82 N=386 



 

 

R-turnaround i , j =7.92+0.68 S-turnaround-0.34 A-delay i , j +0.05 D-pax i , j          (2) 

                (t=6.86)(t=25.34)    (t=-15.27)        (t=4.51)   

R2 = 0.672  F=271.550 N=401 

 

 

5.THE FUTURE WORKS AND EMPIRICAL STUDY 

 

This study considers that departure flights more or less delay is an evaluation criterion of 

airport service level, that also can evaluate a timetable of airport flights whether an 

appropriate planning. Secondly, this study believes that the delay in arriving the flight will 

affect the departure flight delay. The longer scheduled turnaround time, and the shorter arrival 

delay will be reduced the departure delay expanded. In order to discuss whether the 

above-mentioned flight delay, passenger number, taxiing time, and turnaround time of 

scheduled planning will cause the schedule delay of departure flight to expand. Regarding 

apron utility above analysis, the apron capacity is considered to have a strong relationship 

coefficient between schedule/real turnaround time of passenger aprons. The relationship 

coefficient between departure delay time, arrival delay time, the turnaround time of apron 

operation, and delay time of departure time were found to be very closely related. The apron 

capacity is considered to have a strong relationship coefficient between schedule/real 

turnaround time of passenger aprons. The different flight of aircraft seats size also impacts the 

schedule/real turnaround time more or less. Departing aircraft on the apron should have 

priority on the apron than incoming arrival flights. Incoming arrival flights must keep a safe 

buffer time from turnaround time of the pre-departing flight on the same apron. 

Thus, under normal operating conditions apron capacity is referred to the permitted 

numbers of parking aircraft in a certain period of time on the existent apron facility. Because 

apron capacity varies in every hour within the peak time is the characteristic of maximum 

capacity. The saturation of takeoff/landing aircraft tends to be attained during peak one-two 

hour, when the airport operation is equivalent to the capacity. Under this definition, the 

assumption is for all flights could not arrive earlier than scheduled timetable. The turnaround 

time delay of each flight is related to estimate the different aircraft between arrival apron time 

and departure apron time. There are arrival/departure two patterns. There exists only one 

exact pattern between pre-flight and behind-flight among aprons only two patterns; the other 

patterns disappear at the same time. Therefore, if no consideration of the demand constraints, 

the maximum flight of turnaround times at one hour must be satisfied. Therefore, the 

efficiency of apron utilization depends on whether the actual arriving/departure of aircrafts in 

a specified time period is close to the theoretical capacity or not. In order to effectively utilize 

the apron, consideration should be given to the features of different turnaround times of 

different aircraft so as to make the best arrangement of flight arrival/departure sequence 



 

 

according to the advantageous turnaround time, and enhance the efficiency of apron 

utilization.  

In the next works, this paper will consider the shortest turnaround of flights will not only 

make the total aircraft throughput of aprons to be maximized, but will also effectively 

improve the efficiency of the aprons utilization. On the other hand, due to the limitation of 

aprons capacity, there exists some reasonable range of flight arrivals/departures during a 

specified time period. If the planned timetable demands arrivals/departures behind this range, 

it will lead to the scheduled timetable delays spreading to the arrival/departure operation of 

behind-flights. In order to avoid a scheduled timetable delay ripple, the best approach is to use 

the shortest turnaround time in arranging the arrival/departure sequence of aircrafts to achieve 

the best utilization of the aprons, that is, setting the objective to minimize scheduled timetable 

delay of total aircraft through predetermined maximum capacity of aprons on first stage. Thus, 

the second stage, the shortest completion time of the flight operations is derived from the 

flight sequence arranged with the least flight turnaround to manage the operational turnaround 

delay.  
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