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CHAPTER 1: INTRODUCTION 

This research is created with an objective to develop the new domestic flight 
timetable to increase connecting passenger between two airlines. The whole 
research process took almost a year in total, started from December 2015 and 
finished in November 2016. For this research, the subsidiary airline in Thailand is used 
as a case study where airline’s background, problems and expectation from the 
study can be explored in this section. 
 

1.1 Company Background 

In the mid of 2012, a primary airline which a flag carrier launched a subsidiary 
company for low-cost services with an aim to improve the group’s profitability. At 
the beginning, this subsidiary airline used sub-brand model for the operation and 
help the primary airline to redeploy the capacity by taking over short and medium 
range flights in both domestic and international market. But after received the 
securing and air operators’ certificate (AOC) from Thai authorities in 2014 (CAPA, 
2014), this subsidiary airline became independent with the new strategy of “3S: 
SMART – SABAI – SMILE” with an aim to be the leader for premium full-service 
regional airlines and satisfies travelers who is looking for the convenience.  

For SMART which is the first S in airline strategy, the subsidiary developed online 
reservation and check-in system with mobile application to allows more ease of 
access and booking. The second S is SABAI which means convenience that the airline 
represents in term of the route variety, seamless connectivity, comfort cabin and 
other additional services. 

Currently, the subsidiary airline uses all new A320 airbus to provide services in 10 
domestic and 11 international routes with the dual-based airport at Suvarnabhumi 
International Airport and Don Muang International Airport. Besides, the subsidiary 
airline has just added some more fleet in 2015 which make the total aircrafts equal 
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to 20, in order to support the flight operation in new routes and increase flight 
frequency of the existing routes. Furthermore, the airline has Lounge where foods 
and beverages service is offered for the passenger including with the in-flight 
convenience by giving the snack and minimum 30 kg. of baggage loaded with free of 
charge. Aside from in-flight service, the airways also accommodate the passenger 
whose destination is on the island in such Samui and Pa Ngun by providing no-charge 
transfer service as well. 

 The last S in strategy is SMILE. With the service-excellent of flight attendances and 
selected menu from many leading restaurants around Bangkok, the passenger will 
receive smile and memorable flying experience. These are the intention of an 
organisation that strive to improve customer’s satisfaction to become Asia’s favourite 
airline in near future (Anon, 2015).  
 

1.2 Statement of The Problem 

1.2.1 High cost of operation 

At the early stage of business running, this subsidiary airline put itself in low-cost 
market segment but full-service is provided in such baggage load, in-flight meal. 
Besides, the airline uses all new aircrafts with wider cabin spaces compared with the 
competitor. With this reason, the operation cost of the subsidiary is much higher than 
the rivals in the same market segment. Since the cost of operation influences to the 
ticket price, as the result, the airline has to set air fare higher than the competitors 
accordingly in order to obtain the profitability. This is a very big problem because in 
low-cost market, price is the major concern but the subsidiary cannot satisfy 
passenger at this point. Therefore, the company cannot compete with other airlines 
and lose market share.  
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Figure 1: Domestic capacity share (% of seats) by carrier: 20-Jul-2015 to 27-Jul-2015 
(CAPA, 2015) 

Besides, when the number of passenger is too low to cover fixed operation cost, the 
company has lost in almost every route in last year. Refer to the airline’s financial 
report in 2015, the average passenger of all flights was quite low at 41% of maximum 
aircraft capacity as shown in Table 1. Therefore, the company is looking for more 
passenger from other sources in such the partner like the primary airline. Regarding 
to the decision management team, the airline will collaborate with the primary 
airline by turning into feeder and help the primary airline distribute passenger in 
domestic.  

Table 1: Percentage of the subsidiary airline’s passenger compared with maximum 
aircraft capacity in 2015 

Route % passenger/ flight 
DMK-CNX-DMK 79.22 
CNX-HKT-CNX 4.51 

CNX-HKT 13.79 
DMK-KKC-DMK 55.44 
DMK-HKT-DMK 61.80 
BKK-CEI-BKK 69.91 
BKK-CNX-BKK 30.46 
BKK-KKC-BKK 36.44 
BKK-UTH-BKK 73.86 
BKK-UBP-BKK 55.40 
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BKK-HKT-BKK 49.69 
BKK-HDY-BKK 78.48 
BKK-KBV-BKK 9.16 
BKK-URT-BKK 36.97 
BKK-NAW-BKK 13.44 
BKK-MFM-BKK 23.01 
BKK-RGN-BKK 6.21 

Average  41.05 
 

1.2.2 Lack of connectivity between primary and subsidiary airline 

As mentioned earlier, since the subsidiary airline planned to be the feeder for the 
primary airline in domestic, then flight connectivity between two airlines became the 
major concern. Regarding to current flight timetable of both subsidiary and primary 
airline in Figure 2 and 3, it is obviously seen that the subsidiary airline mainly 
operates day-flight while the primary operate flights almost all day. Therefore, the 
subsidiary airline surely cannot serve the primary airline’s passengers in night time 
and early morning. Besides the proportion of arriving and departing flight of the 
subsidiary airline is not rather good, compared with passenger flow from the primary. 
For the example, focus on 10:00 – 10:59 which is the period that has many arriving 
flights from the primary airline, and plus 1.5 hours of minimum required passenger 
time at Suvarnabhumi International Airport, the number of departing flights of the 
subsidiary airline between 11:30 – 12:29 should be frequently operated accordingly, 
in order to support international passenger from primary airline. But currently, 
proportion of arriving flight in this period is higher than departing as shown in Figure 2 
and 3. 
 



 

 

14 

 

Figure 2 : The subsidiary airline frequency at Suvarnabhumi International Airport 
(Left) 

Figure 3: The primary airline frequency at Suvarnabhumi International Airport (Right) 
(CAPA, 2015) 

By putting all current flights into bank chart for the connectivity estimation, the result 
reveals that the level of connectivity between primary and subsidiary airline is very 
poor due to the large number of overlapped flights in arrival and departure side. 
Considering at the current arrival flight timetable of the primary airline to 
Suvarnabhumi airport, there are 115 flights per day in total with 22 domestic flights 
while the number of departure flight which provided by subsidiary airline is much 
less than that.  

For the departure side from Suvarnabhumi airport, currently, the subsidiary airline 
operates 2 and 31 flights for international and domestic respectively. Considered at 
these 33 flights, almost 70% has seamless connection with the primary airline’s 
inbound flights. But from the primary airline’s perspective, only 55% of total arriving 
flights can be connected within the maximum acceptable waiting time which is equal 
to 3 hours. 

Similar to the arrival side, the percentage of connectivity of the primary and 
subsidiary airline is around 57% and 97% from the primary and subsidiary airline’s 
perspective respectively. Although the connectivity rate looks healthy from the 
subsidiary side because almost of all flights has opportunity to get the passenger 
from primary airline, contradictory, passenger would not think so because the 
passenger comes with primary airline so the primary’s perspective reflects the 
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satisfaction of passenger. With this reason, in order to satisfy the passenger from 
primary airline and gain more connecting passenger, the connectivity rate from 
primary airline’s point of view should be improved. 

 
 

Figure 4: Bank chart of subsidiary airline’s flights at Suvarnabhumi Airport  
(Left is departure, right is arrival) 

However, in term of connectivity, not only the number of possible connections is 
concerned but also market demand. To obtain high level of connectivity, the flight 
timetable should fulfil customer needs, otherwise, the number of connected flights 
would be worthless. For the example, according to Star Alliance’s research in Q3 of 
2015, Phuket International Airport (HKT) is the third popular destination for primary 
airline’s passenger from Hong Kong International Airport and the airline dominated 
rather high market share in this route at 32% approximately.  

 

Figure 5: Primary Airline’s Passenger in Hong Kong - Phuket route compared with 
other routes (Alliance, 2016) 
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Figure 6: Primary Airline’s passenger share in Hong Kong - Phuket route compared 
with competitors (Alliance, 2016) 

With this reason, the flight from Suvarnabhumi International Airport (BKK) to Phuket 
International Airport (HKT) should be placed following to arrival flight from Hong 
Kong in order to obtain high level of passenger flow. But currently, the subsidiary 
airline allocated this flight after arrival flight from Dubai (DXB) and Helsinki (HEL) 
which has not much demand from the primary airline as shown in Figure 7 and 8. 
Therefore, even the subsidiary operates a flight to Phuket International Airport which 
offers the seamless connection, only few passenger connectivity is gained.  

 

Figure 7: Primary Airline’s passenger share in Dubai - Phuket route (Alliance, 2016) 

 

Figure 8: Primary Airline’s passenger share in Helsinki - Phuket route (Alliance, 2016) 
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1.2.3 Low utilisation rate of aircrafts 

In the case study airline, one of the major fixed cost of operation comes from aircraft 
leasing which cost about £240,00 – 280,000 per month. Therefore, the less utilisation 
refers to the more fixed cost of operation per flight. However, the subsidiary airline 
did not efficiently use the resource at all as shown in Table 2, the average utilisation 
hour of last year (2015) is about 39% of the maximum capability which is the very 
small number. Therefore, the fixed operation cost per flight was so high that made 
the profitability lost. With this reason, the airline need to capture more passenger in 
order to increase income and compensate with the high fixed operation cost. 

Table 2: Number of aircraft and utilisation hour in 2015 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

No. of 
A/C 

15 17 17 19 19 20 20 20 20 20 20 20 

Utilisa-
tion 

08:17 08:24 08:38 08:30 09:49 09:59 09:59 10:00 09:59 10:01 10:17 10:17 

 

1.3 Current Process for Flight Planning 

Currently, the flight schedule is revised twice a year for both summer and winter 
season by management team, regarding to company’s performance and historical 
market demand. The rough decision about routes and frequency of flights will be 
decided and then forward to planning team. Normally, both management and 
planning team use the flight schedule of the same season in the previous year as a 
reference and adjusted it following to the new strategy. 

Start of the flight scheduling process, the planner considers the requirement from 
management team as the first priority to developed the new flight schedule, then 
compare the historical demand with seat capacity. Besides, the market environment 
also explored and considered for future trend prediction. After that, the flight 
schedule is adjusted according to analysed result. If the seats capacity is insufficient, 
the additional flight is required. The distance for that particular flight will be defined 
with the minimum required travel time which called block hour and allocated to 
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available time slot which provided by the Airports of Thailand public company 
limited (AOT).  

To visualise and evaluate the level of connection between inbound and outbound 
flights, currently, the planning team uses bank chart as an only method. With this 
tools, the number of possible connections are identified for each time slot and it is 
used as a score to assess the efficiency of time slot as well. The current flight will be 
independently considered and randomly shifted up/down within the limited 
timeframe to find the highest number of possible connecting airports for each flight. 

Lastly, after all flight are allocated and the final schedule is constructed, the 
subsidiary airline will upload the flight schedule into program called Merlot for fleet 
rotation and assignment bases on the existing aircraft capacity and standard ground 
time. As a result, the timetable for each aircraft is generated with an optimal solution 
in term of utilisation hour. 
 

1.4 Objectives Research Objective 

This research aim to increase number of connecting passenger between the primary 

and subsidiary airline at Suvarnabhumi International Airport for winter period (end of 

October to mid of March). 

 

1.5 Scope of Study 

This research focuses on connectivity between the primary and subsidiary airline 
only, therefore, all flight at Don Muang International Airport will be ignored because 
the primary airline does not operate flight at this airport. As the company plan to 
collaborate with the primary airline, therefore, this project should offer benefit to 
both sides.  
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Considered at the primary airline, it mainly operates international flights while the 
subsidiary does the opposite way; 75% of all flight has the domestic destination. 
With this reason, the subsidiary airline plans to help primary airline distribute 
passengers within the country. Thus, only domestic flight will be considered in this 
study. According to the subsidiary airline’s objective to provide seamless connectivity 
for the international passenger from the primary airline, only the connection within 
passenger’s acceptable waiting time is considered. At the first stage of 
implementation, the subsidiary airline only concentrates on winter season which is 
the high-demand period. 

However, the improvement of connectivity unavoidably causes the impact on 
utilisation of aircraft which leads to the cost of operation as explained in section 
1.2.2, therefore, the utilisation rate is also included in the consideration. However, 
since the main objective is to increase connecting passenger, the utilisation is 
considered as the second priority. 

Aside from utilisation, the flight scheduling also effect to resource as well. Regarding 
to the airline’s requirement, the company has no intention to invest more on 
aircraft. Therefore, the developed flight timetable must not consume more than 5 
aircrafts which is the number of current available fleet. However, the investment in 
other type of resources such as new time slot, additional cabin crew are allowed so 
these is excluded from consideration in this project.   

Lastly, since the main purpose of connecting passenger increment is to add up the 
total of passenger volume per flight, therefore, the point-to-point demand must be 
remained. In the other word, the new flight schedule must not cause the negative 
impact on the existing passenger demand of both primary and subsidiary airline.    
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1.6 Expected Benefits 

From the result of this research, an increased volume of connecting passenger is 
expected for the subsidiary airline’s domestic flights and this would bring about the 
higher profit accordingly. In additional, the air network would expand due to the 
more variety of possible connected destination airports which are offered through 
the new flight timetable. Besides, fleet utilisation should be improved by the 
additional flight operations. 
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CHAPTER 2: LITERATURE REVIEW  

2.1 Introduction 

In order to provide the more understanding about in aviation industry and flight 
scheduling process, the published papers and journals are reviewed. In the first 
section, 2.2, hub and spoke (H&S) network is introduced. Then the approach to 
develop the network is explored accordingly. In section 2.3, wave-system structure 
that helps to create hub is explained. To develop the hub, information is essential so 
the approaches to obtained information are discovered. The interview and 
forecasting methods with error measurement tools are explored and discussed in 
section 2.4 and 2.5 accordingly. Since the objective of this project is to increase 
connecting passenger through flight scheduling, therefore, the scheduling model are 
studied and described in section 2.6. Additionally, the heuristic search; Branch-and-
Bound and Greedy algorithm which helpful for scheduling problem are explained in 
this section as well. Lastly, the approach to measure minimum required resource is 
explored in section 2.7. 
 

2.2 Hub and Spoke 

In recent years, airline network and scheduling are playing a key role in marketing. 
Hub-and-Spoke (H&S) model which had been developed by Delta Airline is used to 
configure the air network and maximise the number of destinations under the 
restriction of the airline’s capacity (Scholz, 2012). The concept of the H&S system is 
to concentrate traffic at one airport called hub and then distribute to connecting 
cities which considered as the spokes. Therefore, the passenger can travel between 
any two airports in system with one stop or in the other word, “from anywhere to 
everywhere” (Hannson et al., 2002). The characteristic of H&S network in many 
different aspects are briefly described in comparison with Point-to-Point (P2P) as in 
following Table. 
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Table 3: Characteristics of Hub-and-Spoke and Point-to-Point Route systems (Cook 
and Goodwin, 2008) 

 

Regarding to PwC’s air traffic demand modelling professionals in London, the airline 
business model can be classified into three broad categories; low-cost carrier, 
network carrier, and hybrid as show in Figure 9. For the LCCs, P2P network system is 
used. Furthermore, there is not much variety of destinations offered, but with the 
ability of low-fare, LCCs extend market and enhance connectivity by providing the 
service from and to secondary airport which is not previously served instead. 
Consequently, the H&S network system seems to have no significant advantage to 
this carrier type. Thus, this model is only applicable for network and hybrid carrier 
where the flights to wide range of destinations are operated with high frequency. 
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Figure 9: Types of airline business models (Morphet and Bottini, 2013) 

For network carriers, since the wide range of destinations is provided, some route has 
low density so a hub-and-spoke model is used to unite air traffic (Morphet and 
Bottini, 2013). Delta Airline is a good example for this. The airline provides flight from 
Charleston, SC to Memphis, TN but the demand in this route is not sufficient. Thus, 
the airline split this flight and stop at Hartsfield Atlanta International Airport which is 
the hub for airline’s system in order to consolidate the traffic. Apart from this, there 
was another study by Wei & Hansen about passenger demand in H&S network. The 
result revealed that by using H&S with higher flight frequency, the number of 
connecting passenger demand also raise and this is more efficient than the aircraft 
capacity increment. Besides, this research also confirms about an importance of local 
service for connecting passenger that the first flight leg services are more attractive to 
passengers than the second flight segment (Wei and Hansen, 2006). 

In additional, H&S network also offers demand advantages through the wider range of 
indirect destination and higher flight frequency. In single hub network with n spokes, 
there are 𝑛(𝑛 − 1)/2 offered indirect destinations which is much more attractive for 
passengers than point-to-point where only one destination is offered. Besides, H&S 

http://www.atlanta-airport.com/
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system provides the most efficient way to connect many points with the lowest 
required routes (Anon, 2016). For an instance, 8 routes are required in H&S network 
to link 9 points while 28 routes are required in point-to-point (P2P) system. 
Therefore, the fewest number of aircraft is required for any given level of frequency 
and number of destinations (Button, 2002). From airline perspective, this is another 
way to improve utilisation of asset and expand market into new destinations by using 
the left aircrafts. With wider coverage area, the airline would obtain more 
competitive advantage accordingly (Gillen and Morrison, 2005). 

 

Figure 10: Linkage among all nodes in hub network compare with point-to-point 
network (Anon, 2016) 

Within H&S network, waiting time at the hub is unavoidable and this result in certain 
passenger demand loss. However, this drawback can be minimised by a wave-system 
structure in flight schedule. Through this structure adoption, the number of 
indirection destinations will be increased. Furthermore, the density of traffic is also 
raised from consolidation as well. Besides, the hub congestion which could bring 
about entire network delay is another challenge for the airlines (Lederer and 
Nambimadom, 1998).  
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2.3 Wave-System Structure 

In high competitive market, the airlines operate a hub wave-system in order to 
maximise the number of connecting opportunities (Bootsma, 1997). In term of 
quality, service frequency and time are considered because unsynchronised incoming 
and outgoing flights can bring about passenger lost due to long waiting period. With 
this reason, wave-system structure is applied to visualise the connectivity and find 
the optimal frequency of indirect flight which could give the best performance in 
term of connection including with appropriate time window for each flight (Danesi, 
2006) . At first, all incoming and outgoing flights are represented in the chart as 
shown in Figure 11 then the parameter for wave-system is constructed with (Bejan 
and Merkx, 2007); 

1. The specific number of flight waves 

2. The timing of waves or hub-repeat cycle (Dennis, 1994) 

3. The structure of the individual waves 

These 3 interrelated elements are represented in the triple (N, H, S) where N is the 
number of waves, H is hub repeat cycle, and S is a dummy variable. For example, S 
= 0 or 1 when continental fleet stays overnight at the hub or spoke accordingly. 
(Danesi, 2006)  

 
Figure 11: Schedule wave-structure of departure and arrival flights at hub airport 

(Danesi, 2006) 
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Ideally, the connection wave for hub should correspond to the time-window in 
which arrival/departure flights are schedule at the hub and the transfer period for 
both passenger and baggage. Therefore, two elements which are minimum connect 
time and trade-off exist between maximum acceptable connecting time for 
passenger and maximum number of flight in time-period are involved in 
consideration. By applying the following theoretical definition of ideal wave, the 
actual wave-system can be efficiently constructed (Burghouwt, 2003). 

- ICA-arriving window: [𝐶 − 𝑇𝑖 + 0.5𝑇𝑐 , 𝐶 − 𝑀𝑖 + 0.5𝑀𝑐] 

- ICA-departing window: [𝐶 + 𝑀𝑖 − 0.5𝑀𝑐 , 𝐶 + 𝑇𝑖 − 0.5𝑇𝑐] 

- EUR-arriving window: [𝐶 − 0.5𝑇𝑐 , 𝐶 − 0.5𝑀𝑐] 

- EUR-departing window: [𝐶 + 0.5𝑀𝑐 , 𝐶 + 0.5𝑇𝑐] 

Where 𝑇𝑖 is the maximum connecting time involve intercontinental flights 

 𝑇𝑐 is the maximum connecting time involving European flights 

𝑀𝑖 is the minimum connecting time involving intercontinental flights 

𝑀𝑐 is the minimum connecting time involving European flights 

C  is the wave centre 

In practical term, competitors’ frequency or profitable opportunities to increase 
utilisation of aircraft must be induced in decision making for flight timetable 
construction within hub-and-spoke network. Furthermore, in relation to a wave-
system structure, complexity costs are associated with the relatively low aircraft 
utilisation and reduced utilisation of resources (Bootsma, 1997, Franke, 2004). 
According to many case studies, in term of indirect connections, there are the 
evidences show that the airline hubs with wave-system structure had better 
performance than the hubs without a wave-system (Bejan and Merkx, 2007). Iberia, 
the first Spanish flag-carrier that fly from Europe to South America, adopted hub-and-
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spoke network to relieved the financially trouble. Therefore, the wave-structure was 
implemented at Madrid in 1996/1997 and turned this airport into a hub in a strict 
sense. However, due to the inappropriate flight time, Iberia missed the opportunity 
for carrying local, high-yield business traffic. Therefore, in July 1999, the airline 
change morning flight time from 10 to 8.20 am. instead which satisfy passenger. 
Moreover, the new flight time also synchronise with domestic and international 
flights to/from Barcelona. As a result, this system created quite a large number of 
frequencies on Madrid-Barcelona route which has the largest capacity in 2003 
(Burghouwt, 2005). Consequently, the airline’s competitiveness was significantly 
improved with regard to the hub connections.  
 

2.4 Interviews in Conducting a Research  

Data gathering is one essential element in the research conduction. Data 
accumulation and collection can be assembled from various sources, which 
incorporate records, the work environment, the Internet studies, centre gatherings, 
field notes, polls and taped social communication or interviews (Knox and Burkard, 
2009, Polkinghorne, 2005). The interviews are generally utilised as a method of data 
gathering, in particular organised interviews, semi-organised interviews, unstructured 
interviews and non-order interviews, and a portion of the moral issues required in 
leading interviews (Kajornboon, 2005). Data gathering is a key segment to directing 
exploration and it is an entangled and hard errand (Jol and Bristow, 2003). It is the 
part of the analyst to make inquiries and the inquiries should inspire substantial 
reaction from respondents (Richardson and St. Pierre, 2008). The double objectives of 
rousing the respondent to give full and exact answers while avoiding predispositions 
coming from social allure, congruity, or different builds of lack of engagement. 
Interviewers that have been appropriately prepared, and assume the correct part of 
the interviewers alongside very much composed inquiries can lead a decent 
interview. It is vital for the scientist to get ready before the real interview. The 
interview begins before the interview really starts. 
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2.5 Demand Forecasting & Error Measurements 

Forecast is a fundamental of strategic planning and decision making in supply chain 
management. Since the organisation knows the demand in market, the effective plan 
can be created to serve the demand with optimal resources and this could help the 
organisation to obtain high benefit from market accordingly. However, in practical 
term, there are many factors from both internal and external that influenced to 
customer’s demand and some are uncontrollable or unpredictable. With this reason, 
error is unavoidable in forecast but it can be reduced by using the proper methods. 
According to Chopra and Meindl, there are 6 basic steps which could help to 
improve the efficient of forecasting (Chopra and Meindl, 2007).  

1. Identify the objectives and scope time period 

2. Systematically collect data 

3. Classify products or services by demand characteristic in order to select the 

proper tools for each segment 

4. Identify constrains and effecting factors 

5. Choose the most appropriate forecasting methods based on the data and 

situation 

6. Accuracy measurement and continual adjustment.  

2.5.1 Forecasting Methods 

2.5.1.1 Moving Average (MA) 

Due to the difference objectives, concerning time period, and data pattern, many 
forecasting techniques were developed. Moving Average is a very simple forecasting 
method where the weight of all data value is assumed as the equal. However, in 
order to obtain the best fit to the data value N is applied in this method. If the time-
series data slowly changes, N value should be small. Contradictory, if there is the 
fluctuation change in the data, N value should be high. With this method, large 



 

 

29 

amount of data is required for data pattern analysis and proper N value setting. All 
equations that used for MA forecast are shown below (Chopra and Meindl, 2007). 

𝑆𝑦𝑠𝑡𝑒𝑚𝑎𝑡𝑖𝑐 𝐷𝑒𝑚𝑎𝑛𝑑 = 𝐿𝑒𝑣𝑒𝑙 

Equation 1: The systematic demand for MA 

𝐿𝑡 = (𝐷𝑡 + 𝐷𝑡+1 +⋯𝐷𝑡+𝑛+1) 𝑁⁄  

Equation 2: The level parameter for MA 

𝐹𝑡+1 = 𝐿𝑡 
𝐹𝑡+𝑛 = 𝐿𝑡 

Equation 3: The forecasted value of MA 

Where: 𝐹𝑡 is a forecasted value for time period t 
𝐿𝑡 is a level value for time period t 

2.5.1.2 Exponential Smoothing (ES) 

Regarding to the weak point of equal weight, Exponential Smoothing (ES) was 
developed from MA. For ES, the most recent data is considered with the highest 
weight and exponentially decreasing for the following data. The smoothing constant 
called 𝛼 with value from 0 to 1 is involved in calculation instead of N. With this 
reason, the number of required value is decreased to 3; (1) current data, (2) previous 
forecasted data, (3) smoothing constant. Since 𝛼 value plays a key role in forecast, 
therefore, the proper configuration is important. There are some recommendations 
for constant valuation as following (Chopra and Meindl, 2007); 

- If 𝛼 = 1, the forecasted value is considered as Naïve Forecast where the 

forecast in next period is same as currently 

- If 𝛼 value is great, the precedence is given to the most updated data so this 

is appropriate with fluctuate data set 
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- If 𝛼 value is small, the precedence is given to the least updated data so this 

is appropriate with quite stable data set 

- Since 𝛼 value influences to the accuracy of forecasted result, therefore, in 

practical term sum square error is used in order to help the analyser pick the 

most appropriate smoothing constant by using the value which allow the 

minimum error.  

The equations for this method are shown as below (Chopra and Meindl, 2007). 

𝑆𝑦𝑠𝑡𝑒𝑚𝑎𝑡𝑖𝑐 𝐷𝑒𝑚𝑎𝑛𝑑 = 𝐿𝑒𝑣𝑒𝑙 

Equation 4: The systematic demand for ES 

𝐿𝑡+1 = 𝛼(𝐷𝑡+1) + (1 − 𝛼)𝐿𝑡 ;  𝛼 = 0.1 

Equation 5:The level parameter for ES 

𝐹𝑡+1 = 𝐿𝑡 

𝐹𝑡+𝑛 = 𝐿𝑡 

Equation 6: the forecasted value for ES 

Where: 𝐹𝑡 is a forecasted value for time period t 
𝐿𝑡 is a level value for time period t 

2.5.1.3 Holt’s Model 

As mentioned earlier, the ES still has drawback due to the defection of data tends. 
With this reason, Holt extended ES to linear ES where forecasting data with trends is 
allowed. Thus, the trend is added in systematic demand in Equation 7. Two 
constants, 𝛼 and 𝛽 are used in additional where 0 < 𝛼, 𝛽 < 1. The purpose of 𝛼 is 
same as ES and constants 𝛽 is especially involved for trend-adjust smoothing 
(Chopra and Meindl, 2007).  
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𝑆𝑦𝑠𝑡𝑒𝑚𝑎𝑡𝑖𝑐 𝐷𝑒𝑚𝑎𝑛𝑑 = 𝐿𝑒𝑣𝑒𝑙 + 𝑇𝑟𝑒𝑛𝑑 

Equation 7: The systematic demand for Holt's model 

𝐿𝑡+1 =  𝛼(𝐷𝑡+1) + (1 − 𝛼)(𝐿𝑡 + 𝑇𝑡) 

Equation 8: The level parameter for Holt's model 

𝑇𝑡+1 = 𝛽(𝐿𝑡+1 − 𝐿𝑡) + (1 − 𝛽)𝑇𝑡 

Equation 9: The trend parameter for Holt's model 

𝐹𝑡+1 = 𝐿𝑡 + 𝑇𝑡  

𝐹𝑡+𝑛 = 𝐿𝑡 + 𝑛𝑇𝑡 

Equation 10: The forecasted value for Hotl'ts model 

Where: 𝐹𝑡 is a forecasted value for time period t 
𝐿𝑡 is a level value for time period t 
𝑇𝑡 is a trend value for time period t 

2.5.1.4 Holt-Winter’s Model 

Naturally, the demand of any products or services often has seasonal pattern. There 
is a tendency that demand will repeatedly exhibit the same behaviours in every N 
periods. Therefore, Holt-Winter’s model (HW) was developed regarding to this 
concern. As both trends and seasonality are considered in this method, the third 
smoothing constant 𝛾 for seasonality is introduced where 0 < 𝛾 < 1.  

𝑆𝑒𝑎𝑠𝑜𝑛𝑎𝑙 𝐹𝑎𝑐𝑡𝑜𝑟 (𝑆𝐹) = 𝐴 𝑐𝑡𝑢𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑 𝐷𝑒𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙𝑖𝑠𝑒 𝐷𝑒𝑚𝑎𝑛𝑑⁄  

Equation 11: The seasonal factor parameter for Holt-Winter's model 

𝑆𝑦𝑠𝑡𝑒𝑚𝑎𝑡𝑖𝑐 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑜𝑓 𝑑𝑒𝑚𝑎𝑛𝑑 =  (𝐿𝑒𝑣𝑒𝑙 + 𝐷𝑒𝑚𝑎𝑛𝑑)×𝑆𝐹 

Equation 12: The systematic demand for Holt-Winter's model 
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From the above Equation 11, deseasonalise demand (�̅�𝑡) is used in the calculation. 
The purpose of this is to eliminate the fluctuation from seasonal changes and 
smooth data with the following equation. 

𝐷𝑡̅̅ ̅ =

{
  
 

  
 
[𝐷𝑡−(𝑝 2⁄ ) + 𝐷𝑡+(𝑝 2⁄ ) + ∑ 2𝐷𝑖

𝑡−1+(𝑝 2)⁄

𝑖=𝑡+1−(𝑝 2)⁄

] 2𝑝⁄  𝑓𝑜𝑟 𝑝 𝑒𝑣𝑒𝑛

∑ 𝐷𝑖

𝑡+⌊𝑝 2⁄ ⌋

𝑖=𝑡−⌊𝑝 2⁄ ⌋

 𝑓𝑜𝑟 𝑝 𝑜𝑑𝑑

 

Equation 13: The deseasonlised demand equation for Holt-Winter's model 

Additionally, seasonal index is also used in this method to indicates how much the 
considered period typically deviates from the average. Since HW model concern 
about trends and seasonality, this is the most coverage method among all 
mentioned techniques (Chopra and Meindl, 2007). 

The HW model can be classified in to 2 sub types depending on the type of 
seasonality which are Multiplicative and Additive Seasonal Model. For the properly 
type classification, the different between multiplicative and additive must be 
addressed. By considering at the demand in same period of cycle, the type of 
demand can be identified. For example, during the month of April, the air traffic from 
Bangkok, Suvarnabhumi International Airport to Phuket International Airport is 
increased by 10 thousand every year. Thus, this number should be added into the 
forecasts for every April to account the fluctuation. In this case, the seasonality is 
additive. But, if the traffic is proportionately increased based on the previous 
demand, it is multiplicative. Regarding to the different behaviours of data, the time 
series model (𝑦𝑡) for multiplicative and additive with related forecast equations were 
differently formulated as shown in the following section (Kalekar, 2004). 
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a) Multiplicative Seasonal Model 

𝑦𝑡 = (�̅�𝑡−1 + �̅�𝑡−1)𝑆�̅�−𝐿 

Equation 14: The forecasted demand value of multiplicative seasonal model 

�̅�𝑡 = 𝛼(𝑦𝑡 𝑆�̅�−𝐿⁄ ) + (1 − 𝛼)(�̅�𝑡−1 + �̅�𝑡−1) 

Equation 15: The estimated deseasonalised level of multiplicative seasonal model 

�̅�𝑡 = 𝛽(𝑆�̅� + 𝑆�̅�−1) + (1 − 𝛽)�̅�𝑡−1 

Equation 16: The estimated trend of multiplicative seasonal model 

𝑆�̅� = γ(𝑦𝑡 𝑆�̅�⁄ ) + (1 + γ)𝑆�̅�−𝐿 

Equation 17: The estimated seasonal index of multiplicative seasonal model 

b) Additive Seasonal Model 

𝑦𝑡 = (�̅�𝑡−1 + �̅�𝑡−1 + 𝑆�̅�−𝐿) 

Equation 18: The forecasted demand value of additive seasonal model 

�̅�𝑡 = 𝛼(𝑦𝑡 − 𝑆�̅�−𝐿) + (1 − 𝛼)(�̅�𝑡−1 + �̅�𝑡−1) 

Equation 19: The estimated deseasonalised level of additive seasonal model 

�̅�𝑡 = 𝛽(𝑆�̅� + 𝑆�̅�−1) + (1 − 𝛽)�̅�𝑡−1 

Equation 20: The estimated trend of additive seasonal model 

𝑆�̅� = γ(𝑦𝑡 − 𝑆�̅�−𝐿) + (1 + γ)𝑆�̅�−𝐿 

Equation 21: The estimated seasonal index of additive seasonal model 

Where: 𝑦𝑡 is the forecasted value of time period t 
�̅�𝑡 is the estimated of the deseasonalised level of time period t 

 �̅�𝑡 is the estimated of the trend of time period t 
 𝑆�̅� is the estimated of seasonal component (seasonal index) of time period t 
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 L  is the length of seasonal period  

2.5.2 Error measurement techniques 

Since the goal of forecast is to find out the most accurate result for further planning 
or use. Thus, the error must be assessed in order to ensure the correctness of 
forecasted value. There are many tools and techniques to evaluate the accuracy of 
forecast, but in this section, only 3 common techniques (Silver et al., 1998) are 
explained. 

2.5.2.1 Mean Absolute Deviation (MAD) 

This technique use the average error to assess the accuracy in same unit as the data 
which helps conceptualise the amount of error and helpful in assessing cost. 
 

𝑀𝐴𝐷 = 
1

𝑛
∑|𝑒𝑡|

𝑛

𝑡=1

 

Equation 22: Mean absolute deviation 

Where 𝑒𝑡 is the error value of period t and n is number of considered time period. 

2.5.2.2 Mean Squared Error (MSE) 

This technique use the average of sum squared forecast errors to measure the 
accuracy of calculation. 

𝑀𝑆𝐸 = 
∑ 𝑒𝑡

2

𝑛
 

Equation 23: Mean squared error 

Where 𝑒𝑡 is the error value of period t and n is number of considered time period. 
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2.5.2.3 Mean Absolute Percentage Error (MAPE) 

Differently from the above two methods, MAPE express accuracy in percentage, 
thus, it can be easier to understand. Regarding to the formula that shown in 
Equation 24, actual value is involved in calculation which make this technique has 
more advantage in comparative term than MAD and MSE (Stadtler, 2005). Sine the 
MAPE is scale sensitive so care needs to be taken when using it with low-volume 
items. 

𝑀𝐴𝑃𝐸 =  
∑ |
𝑒𝑡
𝑦𝑡
| ×100

𝑛
 

Equation 24: Mean absolute percentage error 

Where 𝑒𝑡 is the error value of period t 
 𝑦𝑡 is the actual value of period t 

n is number of considered time period. 

2.5.3 Case Study 

There was a study for Lufthunsa Airline in 2010 where four quantitative forecasting 
methods are applied. In this paper, moving average (MA), exponential smoothing (ES), 
Holt's model, and Winter's model are used for passenger traffic forecasting to find 
out the most efficient method. Generally, both MA and ES are employed in the only 
level situation like deseasonalised demand. But passenger demand is seasonal, thus 
forecasting errors from these two method are rather high as show in Figure 12 and 
13, even smoothing constant (alpha) was applied in order to reduce error from ES 
calculation (Singh and Das, 2010).  
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Figure 12: Forecasting through 4-Period Moving Average & Forecasting Errors (Singh 
and Das, 2010) 

 

Figure 13: Forecasting through Simple Exponential Smoothing & Forecasting Errors 
(Singh and Das, 2010) 
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The other left 2 methods; Holt’s and Winter’s Model, were developed from ES but in 
Holt’s Model, regression analysis wherein time period was considered. Additionally, 
all characteristic features of demand data in such level (Lt), trend (Tt), and 
seasonality (St) are observed in Winter’s model to make the output more accurate. 
Therefore, the forecasting errors from these models were less than first 2 techniques.  

 

Figure 14: Forecasting through Holt’s Model & Forecasting Errors (Singh and Das, 
2010) 

Table 4: Regression Analysis for Finding out the Deseasonalised Demand (Singh and 
Das, 2010) 
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Table 5: Calculation of Seasonal Factors of Winter’s Model (Singh and Das, 2010) 

 

Table 6: Determination of Level, Trend, and Seasonal Factors (Winter’s Model) 
(Singh and Das, 2010) 
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Figure 15: Forecasting through Winter’s Model & Forecasting Errors (Singh and Das, 
2010) 

In this paper, the errors were calculated by four methods; Absolute error (AE), Mean 
squared error (MSE), Mean absolute deviation (MAD), and Mean absolute percentage 
error (MAPE). From all assessment tools, the result represented that Winter’s model 
is the most effective one among four forecasting methods. Moreover, from the 
comparative analysis that shown in Figure 16, the output from this model also 
reflected the best manner to historical demand pattern.  

 

Figure 16: Comparative forecasted traffic from 4 forecasting methods (Singh and Das, 
2010) 
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Regarding to this research, passenger demand for Lufthunsa airline was considered as 
seasonal and Winter’s Model is the best forecasting method because it gave the 
most accurate result. 
 

2.6 Variable Market Share Flight Scheduling Model (VMSFM) 

Few decades ago, Yan and Young developed a set of network models for effective 
short term flight scheduling problem solving and help to route fleet following the 
draft timetable under all operation constraints. Their model was studied and 
improved since then. Yan and Tseng incorporated the two phase into a single 
framework and developed an integrate scheduling model for multi-fleet routing and 
flight scheduling with an aim to maximise profit. Unfortunately, this model was 
developed under fixed constraints, projected market share, and demand which is 
totally different from real market. Therefore, Yan, et al. (2005) constructed a new 
model called variable market share flight scheduling model (VMSFSM) with the 
similar objective to help Taiwan Airline maximise profit (Yan et al., 2005).  

According to this study, the major elements of this model were built by using time-
space networks, passenger model, and the mathematic formulation. Consider at the 
time-space network, there are 2 sub-network inside which are fleet-flow time-space 
network and the passenger-flow time-space network. These two network represent 
the flow of fleet and passenger by using node and arc as shown in Figure 17 and 18 
respectively. 
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Figure 17: Fleet-flow time-space network (Yan et al., 2005) 
Figure 18: Passenger-flow time-space network (Yan et al., 2005) 

After the network is created, passenger demand is predicted with passenger choice 
model by using the probability function (Yan et al., 2005) as shown in Equation 25 
and 26.  

𝑣𝑖𝑎
𝑛 = 𝛼1

𝑛𝑑𝑣𝑎
𝑛 + 𝛼2

𝑛𝑓𝑓𝑖𝑎
𝑛 + 𝛼3

𝑛𝑎𝑡𝑎
𝑛 + 𝛼4

𝑛𝑤𝑡𝑖𝑎
𝑛 + 𝛼5

𝑛𝑡𝑡𝑖𝑎
𝑛  

Equation 25: The utility value for passenger choice model 

𝑃𝑟𝑜𝑏𝑎
𝑛(𝑖) =  

𝑒𝑣𝑖𝑎
𝑛

∑ 𝑒𝑣𝑖𝑎
𝑛

𝑑∈𝐷𝑖
𝑛

 

Equation 26: The probability value for passenger choice model 

Where: 
𝑣𝑖𝑎
𝑛  the utility value for passenger arriving at node i who will choose airline a in 

the nth passenger network.  
𝑑𝑣𝑎

𝑛  the dummy variable of airline a in nth passenger network 
𝑓𝑓𝑖𝑎

𝑛  the flight frequency for airline a at node i in the nth passenger network 
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𝑎𝑡𝑎
𝑛 the average ticket fare for the target airline a in nth passenger network 

𝑤𝑡𝑖𝑎
𝑛  the waiting time for passenger arriving at node i who choose the next 

departing flight of airline a in nth passenger network 
𝑡𝑡𝑖𝑎
𝑛  the travel time for passenger arriving at node i who choose the next departing 

flight of airline a in nth passenger network 
𝛼𝑐
𝑛  the cth parameter associated with the choice attribute in nth passenger 

network  
𝑃𝑟𝑜𝑏𝑎

𝑛(i) probability value for passenger arriving at node i who choose the 
airline a in the nth passenger network  

𝐷𝑖
𝑛 Set of the airline that provide flight at node i in nth passenger network 

In this study, four major factors; flight frequency, ticket air fare, waiting time, and 
travel time are involved in the calculation. 

Regarding to time-space network and result from passenger choice model, the 
functional equations are formulated as shown in Appendix A with an aim to 
simultaneously flow both fleet and passenger in network at the minimum cost.  
Since the model was formulated as a non-linear mixed integer program, it is more 
difficult to be solved than integer or mixed integer linear programs. With this reason, 
a heuristic approach is applied for efficient problem solving. The solution process is 
outlined as follows: 

1. Set the draft timetable and market demand of the airline and its 

competitors 

2. Apply passenger choice model to calculate market share 

3. Transfer VMSFSM into fixed market share flight scheduling model 

(FMSFSC) which is linear mixed integer model and solve it to obtain fleet 

flows. 

4. Calculate passenger flows under fleet flows 
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These steps were repeatedly processed from step 2 until the better solutions cannot 
be found. Additionally, in order to evaluate the effectiveness of heuristic algorithm, 
the lower bound solution also involved in the calculation (Yan et al., 2005). 

However, the algorithm was constructed for single-fleet operation. Even it could be 
extended to multiple fleet, it cannot efficiently solve large-scale problems. Besides, 
the conditions of any markets are different so the passenger choice model might not 
applicable, thus, it must be specifically modified following to the target market 
characteristic. 
 
2.7 Minimum fleet determining 

According to Rajotia et al., the deterministic case of the minimum required vehicle 
determination was studied. A mixed integer programming model was discussed with 
load handling time, empty travel time, waiting and congestion time consideration. 
The objective of this model is to minimise empty trips. Regarding to the result from 
analytic method compare with simulation, an underestimated vehicle fleet size is 
given (Rajotia et al., 1998). In 2003, Iris, Rene, and Martin also studied about this 
problem and developed their own integer linear programming model. By considering 
to work processes and constraints then transformed this information into mathematic 
functions. Release, due, travel, and arrival time were considered for vehicle planning 
including with the travel route. Therefore, graph was also applied to help for path 
choosing. After the model was developed, it had been efficiently solved by heuristic 
approach. Although the calculated result was underestimated, it was close to the 
result from simulation under various conditions (Vis et al., 2003). 
 
2.8 Heuristic Approach 

This is the basic concept for problem solving and decision making which developed 
by Israeli psychologists Amos Tversky and Daniel Kahneman (Kahneman et al., 1982). 
Although the researches in early stage mainly focused on psychological aspect, the 

https://en.wikipedia.org/wiki/Israel
https://en.wikipedia.org/wiki/Amos_Tversky
https://en.wikipedia.org/wiki/Daniel_Kahneman
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thinking process had been continually studied and developed since then until it 
became the fundamental of many decision-making theories nowadays. 
To apply heuristic approach, there is no fixed or standard procedure. In the other 
word, no exact starting point, processing steps, or conditions is required for this 
technique and the exact numeric output cannot be identified either. 
The travelling salesman problem (TSP) is a classic example to demonstrates the 
application and advantage of heuristic approach. The problem describes a salesman 
who must travel to N cities (only one time for each) and come back to the start 
point with the minimum cost. The best and most expensive solution is to simply try 
all (𝑁 − 1)! possibilities, but in this case, only a half is count since each route has an 
equal route in reverse. Therefore, possible route (R) can be formulated as below 
equation. 

𝑅 = 
(𝑁 − 1)!

2
 

Equation 27: Possible route for TSP 

If the number of target cities (N) is 10, there will be possible 181,440 routes and if 
one more city is added the possible route will be increased to nearly 2 million. This 
is obviously seen that even the small change can make the problem much more 
complex and difficult to be resolved because all alternative ways must be checked 
to find the solution. With this reason, the problem is not possible to be answered 
within the polynomial time. In the other word, this is categorised as NP-hard 
problem. Thus, to solve this in the shorter time and lower cost, the heuristic concept 
is used instead. With this approach, there is no need to check all possibilities but 
focus only some solutions that better than the reference, so the execution time can 
be enormously decreased. 

Practically, even this approach is very helpful for complex problems in term of cost 
and time, Facione (2006) warned that heuristic is only shortcut, not fail-safe rules 
because it frequently refers to a trail-and-error rule or rule of thumb. With this 
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reason, the approach is commonly used in cost-and-time-sensitive industries (Baldauf 
et al., 2009). 

2.8.1 Branch and bound 

To optimised the result from heuristic search, many algorithms were developed. 
Brach-and-bound (BnB) is the one of well-known heuristic search algorithm that 
widely-used for many problems solving. By using BnB technique, one solution for 
considered problem is set as an objective. If the better solution can be found during 
the searching process, the objective will be replaced by that particular solution. The 
process will be continually done until all possible solution is checked. However, the 
completed path is no need for BnB then the execution time can be reduced 

(Hartmann, 1999, Edelkamp and Schro ̈dl, 2012).  

To explain how BnB works, the TPS is used as an example. With the given distance 
between each city as shown in Table 7, the first route is set as following; 

A → B → C → D = 10+15+10 = 35 

Therefore, if the selected route give more value than 35 since the beginning then it 
can be ignored which help for time reduction. In this case, all route from A to D is 
neglected because the distance between A and D is 50 which is higher than objective 
value. 

Table 7: Distance between all city within sample scenario for branch-and-bound 

 

However, branch and bound still takes long time in large data set because all 
alternatives needed to be checked and compared. 



 

 

46 

2.8.2 Greedy Algorithm 

To relieve the weakness from non-optimal guarantee, developed. Greedy Algorithm 
which is kind of best-first search algorithm was developed. With this approach, the 
best node always selected so at least there is a guarantee that the output for every 
single step is the best choice.  

To explain how this algorithm works, TSP is once used. In this case N is equal to 4 
and distance between each city are shown in Figure 19. Let A is the origin, there are 
3 possible destination which are B, C, and D. The distance from A to B is the smallest 
so B is picked as the next node. In following steps, the destination will become the 
new origin and this repeatedly search until all cities are reached (Edelkamp and 

Schro ̈dl, 2012).  

 
Figure 19: Sample scenario for the travelling salesman problem solving 

Due to the flexibility, heuristic is widely adopted in many situations where decision is 
needed. For aviation industry, this is usually applied to help the management and 
planning activities such as flight scheduling, resource planning, inventory 
management, etc. 
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2.9  Conclusion 

According to the literature review, VMSFSM seems to be the appropriate method for 
flight timetable development but profit is an objective of this model while the aim 
of this study is to increase number of connecting passenger without profitability 
concern. Therefore, only the main concept will be applied. The time-space network 
which is used to visualise passenger flow in this model will be replaced with wave-
system structure because this method concern about connectivity between inbound 
and outbound flight while the passenger time-space network is not. Moreover, the 
passenger choice model in VMSFSM will not be used because the historical demand 
is available and this offer more accuracy in forecast than passenger choice model. 
Lastly, since the fleet assignment and rotation are excluded from the scope of study, 
fleet-flow network will be replaced with minimum required vehicle measuring model 
just to ensure the capability of the existing resource. 
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CHAPTER 3: METHODOLOGY 

3.1 Introduction 

In this chapter, the methods and approaches that have been used to achieve the 
objective of research are described throughout to the methodology flowchart that 
shown in Figure 20. The whole process is broken down according to its purpose. 
Since the author aim to find the most efficient timetable for connecting flight. 
Therefore, the information which related to flight scheduling in such operation 
constraints, airline’s requirement and concerns, historical demand was obtained and 
gathered through the proper methods at the beginning. Then the information was 
analysed and transformed into mathematical equation to formulate the scheduling 
models. The approaches to developed these models are explained and discussed 
with the solution-finding procedures. To finalise the most appropriate timetable 
under airline’s requirements and limitations, the result was combined from two 
timetabling models with the performance analysis for improvement evaluation. After, 
the result is obtained, feasibility check was done to ensure the capability of airline’s 
resource. The model that used for required aircraft measurement is described in the 
last section. 
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Figure 20: The methodology flowchart 
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3.2 Background Information Acquisition 

At the first stage, the author aimed to obtain more understanding about airline 
business and flight timetabling process. For the quantitative data, such as historical 
demand, the data was obtained from company’s internal database. While qualitative 
data was acquired from interview and online research. For general data like market 
environment, seat capacity, rules and regulations, the data can be found from CAPA 
and AOT website. But for specific data which used by the airline only, interview was 
needed. 

3.2.1 Interview 

An individual interview with flight planning manager was arranged at the company’s 
head office with an aim to acquire more understanding about airline’s requirement. 
From this interview, the subsidiary airline’s objective and strategic plan which related 
to flight planning department were informed. Additionally, flight scheduling process 
that the company currently using is also explained and discussed to pointed out the 
scheduling constraints and the factors that must be aware in timetable 
development. The form that used for this interview is shown in Appendix B. 
 

3.3 Identify scheduling constraints 

To develop the new scheduling model, all constraints must be identified base on 
airline’s requirements and operational conditions. These constraints were created by 
using the information that acquired from interview in previous session. The authors 
classified scheduling constraints into 2 types as below. 

3.3.1 Time Constraints 

3.3.1.1 Airline’s Perspective 

From airline’s perspective, when aircraft reaches the destination airport, many 
activities need to be done by ground staffs in such fuel refill, aircraft checking and 



 

 

51 

maintenance, bagged loading. Therefore, the aircraft must wait at the gate before 
continue the next flight. With this reason, the earliest departure time of the next 
flight which operated by the same aircraft must greater or equal to the arrival time of 
previous flight including with ground time. However, the longer idle time at the 
airport refers to the lower utilisation hours. Therefore, the aircraft must not stop at 
province airport too long. In order to ensure the utilisation of aircraft, the maximum 
idle time was specified by the airline’s expert and this will be used to find the 
appropriate gap time between two consequent flights which are operated by the 
same aircraft. As a result, 2 time constraints were formulated as below. 

Time Constraint 1: 

𝐷𝑒𝑝𝑎𝑟𝑡𝑢𝑟𝑒 𝑇𝑖𝑚𝑒 ≥ 𝐴𝑟𝑟𝑖𝑣𝑎𝑙 𝑇𝑖𝑚𝑒 +  𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐴𝑖𝑟𝑐𝑟𝑎𝑓𝑡 𝐺𝑟𝑜𝑢𝑛𝑑𝑡𝑖𝑚𝑒 

Equation 28: Connecting flight departure time constraint 

Time Constraint 2: 

|𝑎𝑡𝑖 − 𝑑𝑡𝑗|  ≤ 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐴𝑐𝑐𝑒𝑝𝑡𝑎𝑏𝑙𝑒 𝑊𝑎𝑖𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 𝑓𝑜𝑟 𝐴𝑖𝑟𝑐𝑟𝑎𝑓𝑡, 𝑗 = 𝑖 + 1  

Equation 29: Constraint for gap time between roundtrip flight 

Where 𝑎𝑡𝑖 and 𝑑𝑡𝑖 is the arrival and departure time of ith flight respectively. 
*Note: Time constraint 2 only applicable for province airports 

In marketing and financial viewpoint, the new flight time must offer benefits to both 
primary and subsidiary airlines. Therefore, any activities that could cause negative 
impact on business should be aware and avoided. With this reason, the minimum 
gap time between each flight in same O&D market must be set to prevent customer 
scrambling between the primary and subsidiary airline. Consequently, the third 
constrains was defined as following. 
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Time Constraint 3: 
𝑓𝑡𝑖𝑠 ∉ 𝑃𝑇𝑖 

𝑃𝑇𝑖 = {𝑡| 𝑓𝑡𝑖𝑝 −𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝐺𝑎𝑝 𝑇𝑖𝑚𝑒 < 𝑡 <  𝑓𝑡𝑖𝑝 +𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝐺𝑎𝑝 𝑇𝑖𝑚𝑒} 

Equation 30: Time constraint for new added flight 

Where 𝑓𝑡𝑖𝑠  is the departure time of subsidiary’s flight at the ith airport 
𝑓𝑡𝑖𝑝  is the arrival time of primary’s flight at the ith airport 
𝑃𝑇𝑖  is a set of primary airline’s reserved time 

3.3.1.2 Passenger’s Perspective 

Focus on passenger side, due to the transit procedures by going through passport 
checking at immigration office and travel time between arrival and departure 
terminal, the passenger need to take some times within the airport before continue 
the next flight. In every commercial airport, the minimum connecting time (MCT) 
which required for transit passenger is differently set according to in advance 
agreement between airline and airport authority. Consequently, the flight time must 
be allocated base on this constraint. 

Time Constraint 4: 

𝐴𝑟𝑟𝑖𝑣𝑎𝑙 𝑇𝑖𝑚𝑒 +𝑀𝐶𝑇 ≤ 𝐷𝑒𝑝𝑎𝑟𝑡𝑢𝑟𝑒 𝑇𝑖𝑚𝑒 𝑜𝑓 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑛𝑔 𝐹𝑙𝑖𝑔ℎ𝑡  

Equation 31: Passenger connecting time constraint 

Generally, no one need to waste time at the airport but prefers to reach the 
destination with the shortest time. Therefore, the maximum acceptable waiting time 
is defined to limit the gap between arrival flight and connecting flight. In order to 
sustain the connectivity performance, departure time of connecting flight must be 
scheduled following Equation 32. 
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Time Constraint 5: 

𝐷𝑒𝑝𝑎𝑟𝑡𝑢𝑟𝑒 𝑇𝑖𝑚𝑒 𝑜𝑓 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑛𝑔 𝐹𝑙𝑖𝑔ℎ𝑡
≤ 𝐴𝑟𝑟𝑖𝑎𝑣𝑎𝑙 𝑇𝑖𝑚𝑒 +𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐴𝑐𝑐𝑒𝑝𝑡𝑎𝑏𝑙𝑒 𝑊𝑎𝑖𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 

Equation 32: Maximum acceptable waiting time constraint 

3.3.2 Demand Constraints 

Aside from proper flight time, the sufficient passenger demand is also essential 
because this influences the airline’s profit. To ensure the efficiency of provided 
flights, the number of minimum required passenger per routes and roundtrip flights 
must be determined. Then the non-potential flights that have high risk of failure can 
be avoided. Therefore, 2 constraints of demand were set as following. 

Demand Constraint 1: 

𝐷𝑒𝑚𝑎𝑛𝑑 𝑝𝑒𝑟 𝑅𝑜𝑢𝑡𝑒 ≥ 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑃𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟𝑠 𝑝𝑒𝑟 𝑅𝑜𝑢𝑡𝑒 

Equation 33: Constraint for passenger demand per route 

Demand Constraint 2: 

𝐷𝑒𝑚𝑎𝑛𝑑 𝑝𝑒𝑟 𝑅𝑜𝑢𝑛𝑑𝑡𝑟𝑖𝑝 𝐹𝑙𝑖𝑔ℎ𝑡 
≥ 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑃𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟𝑠 𝑝𝑒𝑟 𝑅𝑜𝑢𝑛𝑑𝑡𝑟𝑖𝑝 𝐹𝑙𝑖𝑔ℎ𝑡 

Equation 34: Constraint for passenger demand per flight 

 

3.4 Potential connecting route and flight time selection 

3.4.1 Develop ideal flight timetable 

To make the flight timetable visualise and easy to assess, draft timetable is needed. 
Generally, at this step, fleet-flow and passenger-flow are constructed base on the 
current flight timetable in order to match the market demand with airline’s resource. 
But due to the major focus of this research on connectivity, wave-structure is more 
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appropriate because it offers the relative picture between inbound and outbound 
flow at the hub airport. In additional, the ideal flight time for high level of 
connectivity can be identified through this method. Therefore, the author used wave-
system structure to create a draft timetable instead of time-space network. 

In additional, by using this method, the ideal flight timetable for perfect connection 
can be defined as well. To make the ideal timetable more efficient and particle, all 
time constraints in section 3.2.1 is involved in construction. Normally, the ideal time 
of second-flight will be assigned into one best time-slot only, but in this research, 
since departure time of connecting flight can be any within the acceptable range 
thus the ideal time was allocated into the range of suitable time-slot accordingly. 

3.4.2 Passenger Demand Forecast 

According to VMSFSM, after the drafted timetable had been created, demand value 
was assigned to each arc in passenger flow for fleet size measuring and income 
prediction. This value generally obtained from passenger choice model where the 
competitor’s information is strongly needed. By using the same concept, passenger 
demand is assigned to each time-slot in wave-system structure as well but the 
demand in this research come from Holt-Winter model instead. The author used 
historical data from 2011-2015 in Star Alliance’s database to forecast demand in 
each potential O&D market for target period. Excel template that shown in Appendix 
C was created to help for calculation.  

However, the aim of passenger demand forecast in this study is not wholly similar to 
VMSFSM because profit is not considered. The main purpose of demand forecast in 
this case is to evaluate the efficiency each time-slot since sometimes the high 
number of connections does not always refer to the high demand if the offered 
connection cannot satisfy passenger. 

Currently, the primary airline provide service at over 62 airports in worldwide and the 
subsidiary operates domestic flight at 12 airports. Therefore, more than 700 O&D 
markets need to be explored. With the wide range of consideration, the analytic 
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process takes long time. Thus, the scope of target market must be narrowed down in 
order to eliminate unnecessary work and save time. Consequently, non-potential 
O&D market were filtered out before forecast by using constraint about demand 
(Equation 33) that formulated in section 3.3.2. 

Due to the data transition in 2014 and critical environmental change in some 
markets, there will be some abnormality among collected data which could lead to 
the inaccuracy forecast result. Therefore, the prerequisite task is strongly needed for 
the outliers elimination. For any abnormal data record, the value will be case-by-
case explored in detail. 
By using Holt-Winter’s model instead of passenger choice model, the accuracy of 
result can be quantitatively evaluated with 4 forecast error measurement tools which 
explained in section 2.5.1. 
 

3.5 Determine the potential flight time 

In this research, the new time table is developed with 2 main methods regarding to 
airline’s requirement. First is new fight adding and the second is flight time 
adjustment. The detail of both methods can be explored below. 

3.5.1 By flight adding 

Even though all ideal time-slot had already identified in section 3.4.1, in practical 
term, airline is not possible to operate all ideal flight due to the limitation of 
resource and profitability concern from financial aspect. Therefore, 2 roundtrip flights 
which offer the greatest connectivity performance regarding to company’s objective 
was select in this step. 

To find the most efficient flight time, forecasted connecting demand in all possible 
O&D market was summed up and assigned to each time-slot. The total demand was 
used as a score for time-slot ranking. Apart from demand, number of offered 
connections was used as the second criteria in case that more than one time-slot 
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have equal demand. With these two criteria, the ranking lists of potential time were 
created for outbound and inbound flights. Then, the most efficient time-slot was 
selected under all scheduling constraints that previously identified in section 3.3. 
However, there is an exception for the second constraints. If the added flight is in 
very late night, this constraint is omitted because the long idle time is still better 
than overnight parking without any use.  

To summarise, the model is formulated as following: 

𝐷𝑖𝑡 ≥ 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑 𝑝𝑒𝑟 𝑟𝑜𝑢𝑡𝑒, ∀𝑡 ∈ 𝐷𝑇𝑖  

∑𝐷𝑖𝑡

𝑛

𝑖=1

 ≥ 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑 𝑝𝑒𝑟 𝑓𝑙𝑖𝑔ℎ𝑡 

𝑓𝑡𝑖𝑠 ∉ 𝑃𝑇, 𝑃𝑇𝑖 = {𝑡| 𝑓𝑡𝑖𝑝 − 30 𝑚𝑖𝑛𝑠 < 𝑡 <  𝑓𝑡𝑖𝑝 + 30 𝑚𝑖𝑛𝑠} 

|𝑎𝑡𝑖 − 𝑓𝑡𝑖𝑠|  ≤  1 ℎ𝑜𝑢𝑟, ∀𝑎𝑡𝑖 ∈ 𝐴𝑇𝑖 

Equation 35: Flight timetabling model for additional flight 

The explanation of all used notations and symbols are shown below. 
 𝐷𝑇𝑖 set of potential time-slot for departure flights at ith node airport 
 𝐴𝑇𝑖 set of potential time-slot for arrival flights at ith node airport 
 𝑃𝑇𝑖 set of primary airline’s reserved time at ith node airport 

𝐷𝑖𝑡 Forecasted connecting demand at ith node airport for time-slot t 
�̅� Averaged total connecting demand in past 5 years 
MC Maximum aircraft capacity 
𝑓𝑡𝑖𝑝 Departure time of primary airline’s flight at ith node airport 
𝑓𝑡𝑖𝑠 Departure time of subsidiary airline’s flight at ith node airport 
𝑎𝑡𝑖 Arrival time of the nearest previous flight at ith node airport 
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To solve this model problem, the solution process is outline as follows: 

Step 1: Create a set of potential time slot, 𝐷𝑇𝑖 

Step 2: Pick any time-slot in set 𝐷𝑇𝑖 to be the departure time of the new first flight 
in roundtrip 

Step 3: Calculate possible arrival time 𝑎𝑡𝑖 for all departure time 𝑓𝑡𝑖𝑠, in set 𝐷𝑇𝑖 

Step 4: Solve the problem in developed model to find the best time slot in term of 
demand, number of possible connections, and utilisation of aircrafts 

Step 5: Update the objective value with result in Step 4 

Step 6: If the number of iteration in which better solution cannot be found exceed 
number of time-slot in set 𝐷𝑇𝑖 then stop. Otherwise, return to step 2. The best 
solution obtained during process becomes the final solution 

Step 7: Repeat all step 1 to 6 again but focus on second departure flight of roundtrip 
instead in order to find the best departure time 

Step 8: Compare result from both ways and select the best final solutions. 
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Figure 21: New added flight time determination flowchart 

3.5.2 By flights time adjustment 

Apart from add-on flights, flight time adjustment could also help to increase 
connecting passenger. However, the new flight time might cause negative impacts on 
point-to-point demand and fleet utilisation. According to the mentioned problem in 
Introduction, one of the reason that the subsidiary airline want to turn itself into 
feeder is an insufficient demand in point-to-point market, so the airline aim to add 
the demand up by satisfying connecting passenger. Thus, if the point-to-point 
passenger lose due to flight adjustment, the increment of connecting traffic might be 
useless because the total demand per flight is not actually increased but just 
replaced by another target group of passenger. With this reason, the changes on 
flight time must be aware so the maximum acceptable change that will not cause 
significantly impact on point-to-point demand was identified to scope the range of 
proper flight time. Consequently, the criteria for time-slot selection is formulated as 
below. 
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Condition 1: 

𝑡𝑐 −𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑎𝑐𝑐𝑒𝑝𝑡𝑎𝑏𝑙𝑒 𝑐ℎ𝑎𝑛𝑔𝑒 ≤ 𝑡𝑛 

𝑡𝑛 ≤ 𝑡𝑐 +𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑎𝑐𝑐𝑒𝑝𝑡𝑎𝑏𝑙𝑒 𝑐ℎ𝑎𝑛𝑔𝑒 

∀𝑡 ∈ 𝑇 

Equation 36: Flight timetabling model for adjusted flight 

Where:  T is a set of all available time-slot 
  𝑡𝑐 is the current flight time 
  𝑡𝑛 is the new flight time 

To find the best flight time within acceptable change time-period, the current flight 
time was continually shifted by 5 minutes which is the length of each time-slot. If 
the result from adjustment is better than currently, it will be marked for futher 
consideration. Otherwise, that time-slot will be ignored. 

In this reseach, the efficiency of flight time has been evaluated by 2 criteria. Sorted 
by the given priority from expert, demand is the first one. The flight time will be 
shifted only if forecasted connecting passenger would be increased or remained in 
the worst case.  

Condition 2: 

∑𝐷𝑖𝑡
𝑛

𝑛

𝑖=1

≥∑𝐷𝑖𝑡
𝑐

𝑛

𝑖=1

 

Equation 37: Ensure the connecting demand 

Where:  𝐷𝑖𝑡
𝑛 is the new connecting demand at ith airport, time-slot t 

𝐷𝑖𝑡
𝑐  is the current connecting demand at ith airport, time-slot t 

Second is competitor’s flight frequency. According to the advice from experts, flight 
frequency within 15 minutes earlier and later could influence passenger demand. 
Therefore, the author only considered competitive flights within this period. After the 
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adjustment, total flights frequency from competitor and primary airline must not 
higher than the existing because it is possibly lead to passenger-share drop.  

Condition 3: 
𝐶𝐹𝐹𝑛 ≤ 𝑁𝐹𝐹𝑛 

 

Equation 38: Ensure the competitors’ flight frequency 

Where:  𝐶𝐹𝐹𝑖𝑡 is a set of current flight frequency at ith airport, time-slot t 
𝑁𝐹𝐹𝑖𝑡 is a set of new flight frequency ith airport, time-slot t 

According to all metioned conditions above, the flight timetabling model by flight 
time adjustment was implemented as following; 

𝑓𝑡𝑖𝑜 −max𝑎𝑐𝑐𝑒𝑝𝑡𝑎𝑏𝑙𝑒 𝑐ℎ𝑎𝑛𝑔𝑒 ≤  𝑓𝑡𝑖𝑛 ≤ 𝑓𝑡𝑖𝑜 +max𝑎𝑐𝑐𝑒𝑝𝑡𝑎𝑏𝑙𝑒 𝑐ℎ𝑎𝑛𝑔𝑒 

∀𝑓𝑡𝑖𝑛, 𝑓𝑡𝑜𝑛 ∈ 𝐷𝑇𝑖 , 𝐴𝑇𝑖 

∑𝐷𝑖𝑡
𝑛

𝑛

𝑖=1

≥∑𝐷𝑖𝑡
𝑐

𝑛

𝑖=1

 

𝐶𝐹𝐹𝑛 ≤ 𝑁𝐹𝐹𝑛 

Equation 39: Flight timetabling model for adjusted flight 

The explanation of all used notations and symbols are shown below. 
 𝐷𝑇𝑖 set of current departure flights time at ith node airport 
 𝐴𝑇𝑖 set of current arrival flights time at ith node airport 

𝐷𝑖𝑡
𝑛 is the new connecting demand at ith airport, time-slot t 

𝐷𝑖𝑡
𝑐  is the current connecting demand at ith airport, time-slot t 

𝐶𝐹𝐹𝑖𝑡 is a set of current flight frequency at ith airport, time-slot t 
𝑁𝐹𝐹𝑖𝑡 is a set of new flight frequency ith airport, time-slot t 
𝑓𝑡𝑖𝑜 old departure or arrival flight time at ith node airport 
𝑓𝑡𝑖𝑛 new departure or arrival flight time at ith node airport 

 To determine the new flight time, the process is shown in Figure 22 with briefly 
explaination.  
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Figure 22: Adjusted flight time determination flowchart 

Step1: Pick any current roundtrip flight 

Step2: Shift the departure time of the first flight in roundtrip by 5 minutes  

Step3: Check the performance of new flight time in term of demand and the number 
of competitors 

Step4: Calculate the idle time between first and second flight’s departure time 

Step5: If the result is better than current, marked as the shifted time as a new flight 
time and set demand of this time-slot as the objective 

Step6: Repeat from step 2 until all possible time is checked 

Step7: Consider the departure time of second flight instead and repeat from step 2 

Step8: Compare all possible solution to find the best result 
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3.6 Develop the connecting flight timetable solution 

The aim of this section is to summarise result into the complete timetable for each 
potential O&D market. Regarding to the result from section 3.5, the final timetable 
was created by combining the new additional flight and adjusted flight together. To 
do so, the author firstly construct the new timetable by inserting the additional 
flights which especially add to serve connecting passenger then insert the adjusted 
table flight later. Regarding to the objective of research, the adjusted flights are 
considered as the secondly importance because the flights are inflexibility due to the 
involvement of point-to-point demand concern. At the end, the author compared 
the developed timetable with the current one in 3 major aspects which are demand, 
connections, and aircraft utilisation to evaluate the performance of improvement. 
 

3.7 Measure the minimum required fleet for the proposed solution 

Although the subsidiary airline is willing to invest on the new timetable 
implementation, additional aircrafts purchasing is excluded. Therefore, the minimum 
required number of aircraft must not exceed the available fleet capacity. From this 
limitation, the 7th constraint was built as below.  

Constraint 7: 

𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝐴𝑖𝑟𝑐𝑟𝑎𝑓𝑡 ≤ 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝐴𝑖𝑟𝑐𝑟𝑎𝑓𝑡𝑠 

Equation 40: Ensure fleet capability 

With this reason, the minimum required aircrafts must be determined in order to 
ensure the capability of current resource. 

According to the literature review in section 2.7, the author adapted Iris, Rene, and 
Martin’s vehicle measuring model to developed the minimum fleet determination 
model for this airline. Compare with the reviewed model, the containers and 
vehicles can match with flights and aircrafts in this research respectively. However, 
there are some different points between containers and flights, therefore, the model 
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must be adapted for compatible use. In the reference research, there is no need to 
transport the containers immediately. Thus, the start time can be allocated to any 
time-window within the range from release to due time. But for the flights, departure 
time is fixed so release time and due time are ignored. Furthermore, the time of lift 
and put down a load is constant so this can be included in travel time but for the 
flights, ground time is varied, depends on airport. Therefore, the new parameter must 
be added for this. 

With the various of possible start times for container transportation, graph is used to 
represent time point and find the efficient start time but this is not essential in this 
case because the only objective of this step is to find the compatible flights for any 
aircraft in order to ensure the capability of existing resource. 

Let; 
𝑁 is a set of all considered flight in new timetable 
𝐾 is a set of all potential airports 
𝐴 is a set of available aircrafts 

These following parameters are defined for each flight i; 
𝑑𝑡𝑖𝑝 departure time of flight i from origin airport p 
𝑡𝑡𝑖𝑝𝑑 travel time of flight i from origin airport p to destination airport d 
𝑎𝑡𝑖𝑑 arrival time of flight i at destination airport p 
𝑔𝑡𝑖𝑑 standard ground time of flight i at the destination airport d 
𝑟𝑡𝑖𝑑 release time, the point of time at flight i completely ends and the aircraft is 
back in use 

∴  𝑟𝑡𝑖𝑑 = 𝑎𝑡𝑖𝑑 + 𝑔𝑡𝑖𝑑 

Equation 41: Release time of aircraft 

Practically, one aircraft should operate several flights. Therefore, if any two flights 
can be operated by the same aircraft it is called “compatible”. Flight i and j will be 
compatible if arrival time of flight i plus minimum ground time at the airport is equal 
or earlier than the departure time of flight j where origin of flight j and the 
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destination of flight i are same. Otherwise, an empty aircraft need to travel to the 
next starting point which is waste in term of time and cost. 

As the result, the new measuring model is developed as below. 

𝑟𝑡𝑖𝑑 = 𝑎𝑡𝑖𝑑 + 𝑔𝑡𝑖𝑑, ∀𝑖 ∈ 𝑁, ∀𝑑 ∈ 𝐾 

𝑟𝑡𝑖𝑑 ≤ 𝑑𝑡𝑗𝑝,           𝑑 = 𝑝, ∀𝑑 ∈ 𝐾   

∑𝑡𝑡𝑖𝑝𝑑
𝑎

𝑛

𝑖=1

+∑𝑔𝑡𝑖𝑑
𝑎

𝑛

𝑖=1

≤ 24 ℎ𝑜𝑢𝑟𝑠, ∀𝑎 ∈ 𝐴 

Equation 42: Minimum required aircraft measuring model 

To get the minimum required number of fleet, Greedy algorithm is applied with the 
model as shown in Figure 23. Start off the process, all interested flights are ordered 
by time from the earliest to the latest (start at 3:00 AM). Then the flight that has the 
earliest time is picked and assigned to fleet no.1. If there is a compatible flight, it will 
be assigned to the existing fleet. If not, another fleet will be added for this 
incompatible flight. Time slot for each aircraft is also reserved according to start and 
end time of flight operation. After finish checking, the flight which has already 
assigned to a fleet is marked as deleted and the new earliest flight is consider next. If 
the picked flight can be assigned to the existing fleet, there is no need to increase 
number of aircraft, but if not a new one will be continually added until all flight in 
the list has its own resource. At the end, the number of minimum required aircraft 
can be identified. 
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Figure 23: Flowchart of minimum require fleet measurement 

In case that the existing resource is not enough, a new flight timetable must be 
reconsidered until the total 20 aircrafts are sufficient for all flight operation. 
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CHAPTER 4: RESULT 

4.1 Introduction 

The result that obtained from approaching process and method which explained in 
Chapter 3 will be explained in this chapter. Firstly, the information that acquired 
from interview is explained in section 4.2. From the received information, the ideal 
timetable was constructed for flight-flow visualisation in section 4.3. In additional, to 
make the ideal timetable complete, the author forecasted demand with Holt-
Winter’s model and assigned the summary of connecting passenger demand into 
each time-slot. The result from forecast with error measurement can be explored in 
section 4.4. In section 4.5, the models for flight timetabling are shown with the final 
solution. Lastly, the number of minimum required aircraft for new timetable 
implementation is calculated and shown in section 4.7 to ensure that current 
available aircraft is sufficient. 

 
4.2 Constrains 

According to the interview, there are many constrains in airline business operation, 
but for flight timetabling in this reserch only time and demand constraints are 
concerned.  

4.2.1 Time constraints 

For time, it can be classified into 2 sub-types regrading to perspectives. From airline’s 
viewpoint, the time which required in flight operation processes must be concerned 
and followed. At Suvarabhumi International Airport, the standard ground time for 
A320 is equal to 50 minutes while the province airport required only half an hour. 
However, in order to maintain the utilisation rate of aircrafts, during the day, aircrafts 
must not stay idle at any airport more than 1 hour. Aside from operational consern, 
on marketing side, the unappropriate flight tim could cause the negative impact on 
demand and profit. To prevnt this issue, any new flight with less than 30 minutes far 
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from the primary’s airline flights must be avoided. In passenger’s perspective, they 
requires some times to finished all immigration process and travel between arrilval 
and departure terminal which is called passenger connecting time. In thailand, the 
standard connecting time is 1 hour and 15 minutes. Consequently, the connecting 
flight must not depart from airport earlier than 1.15 hour from the arrival time of 
connecting passengers. However, the too long wainting time is not good in term of 
connectivity performance. In ordre to limit the gap between each two connecting 
flights, maximum accpetable waiting time was given at 3 hours. With this reason, the 
new added connecting flight must allocated in range of 1.15 to 3 hour from the 
arrival flights. 

4.2.2 Demand constraints 

Another constraint is demand, in order to ensure the profitability from flight 
operation, the demand in new added roundtrip flights must be higher than 60% of 
maximum aircraft’s capacity which is equal to 101 seats. Additioanlly, the minimum 
required demand in each O&D market is 0.5% of average total connecting demand 
from past 5 years which is equal to 293 and 274 per month for Thailand’s inbound 
and outbound leg respectively. Otherwise, the demand in that market will be 
considered as insignificant and neglected from the consideration. 

 
4.3 Ideal connecting flight timetable 

In this step, the wave-system structure is adapted for ideal connecting flight time 
table development. The timetable was created with reference to current flight 
timetable of the primary’s airline and time constraints which obtained from the 
interview. Since the minimum connecting time (MCT) for passenger is longer than 
standard ground time for aircraft, thus, the MCT is used for ideal connecting flight 
time allocation. As explained in section 3.4.1, the ideal flight time is represented in 
range. Therefore, the upper bound of ideal time is limited by maximum acceptable 
waiting time for passenger which is equal to 3 hours. 
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For the example, the primary airline operates flight from Incheon International 
Airport that arrives Bangkok, Suvarnabhumi International Airport at 1:20 am. Due to 
the time constraints, the earliest arrival time of connecting flight is 2:35 am. However, 
flight time must not later than 4:20 am.  Therefore, the ideal time range of 
connecting flight is 2:35 am. – 4:20 am. as shown in Figure 24.  

 

Figure 24: Ideal flight time range for seamless connectivity 

The wave structure is individually constructed for both inbound and outbound leg as 
shown in Appendix D, with completed ideal arrival/ departure time range for all 
primary airline’s flights.  
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4.4 Potential markets 

After the ideal connecting flight timetable was created, the connectivity performance 
of each time-slot must be evaluated by using demand. Therefore, the passenger 
demand would be forecasted and assigned to each time-slot in this step. However, 
due to the large number of O&D markets which offered by both primary and 
subsidiary airline, the markets with insignificant demand will be filtered.   

As the subsidiary airline mainly operate domestic flight and plan make Suvarnabhumi 
International Airport as a hub to distribute connecting passenger within country. 
Therefore, the author focus on domestic airports only to find the potential origin and 
destination markets. In this study, the information from CAPA was mainly used for 
marketing analysis with the 5-year historical demand from Star Alliance’s database. 
The demand is partly shown in Appendix C because this is confidential. 

4.4.1 Domestic airports 

Currently, the subsidiary airline provides service at 9 domestic airports as following;  
1. Chiang Rai International Airport (CEI) 

2. Chiang Mai International Airport (CNX) 

3. Hat Yai International Airport (HDY) 

4. Phuket International Airport (HKT) 

5. Khon Kaen Airport (KKC) 

6. Narathiwat Airport (NAW) 

7. Ubon Ratchathani Airport (UBP) 

8. Udon Thani International Airport (UTH) 

9. Surat Thani Airport (URT)  

But due to the demand constraints 1, 6 airports are filtered out from consideration 
because connecting demand from/to the airports are so poor. Therefore, only 3 
potential airports are considered and explored as below. 
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4.4.1.1 Phuket International Airport (HKT) 

This airport is located in major province of Thailand’s southern part where many 
fascinating tourist attractions are around here. Currently, there are 42-airline services 
which allow more than thousand connecting destinations in worldwide as shown in 
Figure 25. 

 

Figure 25: Phuket International Airport connection points (CAPA, 2015) 

Furthermore, the total seat capacity at this airport is the third high after 
Suvarnabhumi and Don Muang International Airport with more than 50% from 
international flights and the market trend is also increasing in every year regarding to 
past-4-year historical data. With this reason, the airport is considered as a potential 
hub. 

 

Figure 26: Phuket International Airport seats capacity year-on-year (CAPA, 2015) 
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Figure 27: Phuket International Airport international vs domestic capacity share 
(CAPA, 2015) 

Considered at the connecting demand for both inbound and outbound leg. The 
demand in almost of all routes from/to Phuket International Airport has cyclic 
pattern which is repeated every 5 months as partly shown in Figure 28-35. 

 

Figure 28: Connecting demand from Stockholm Arlanda Airport to Phuket 
International Airport (Alliance, 2016) 
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Figure 29: Connecting demand from Melbourne Airport to Phuket International 
Airport (Alliance, 2016) 

 

Figure 30: Connecting demand from Zurich Airport to Phuket International Airport 
(Alliance, 2016) 

 

Figure 31: Connecting demand from Chhatrapati Shivaji International Airport to 
Phuket International Airport (Alliance, 2016) 
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Figure 32: Connecting demand from Phuket International Airport to Zurich Airport 
(Alliance, 2016) 

 

Figure 33: Connecting demand from Phuket International Airport to Chhatrapati 
Shivaji International Airport (Alliance, 2016) 

 

Figure 34: Connecting demand from Phuket International Airport to Beijing Capital 
International Airport (Alliance, 2016) 
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Figure 35: Connecting demand from Phuket International Airport to Inchoen 
International Airport (Alliance, 2016) 

*Note: The case study airline has many competitors, therefore, connecting demand must keep as confidential. 
However, the data is available on request. 

a) Perth Airport 

From all considered routes to Phuket International Airport, Perth Airport is the only 
origin where demand behavior is abnormal because the connecting passenger 
number sharply dropped in 2012 as shown in Figure 36. 

 

Figure 36: Connecting demand from Perth Airport to Phuket International Airport in 
2011-2015’s winter (Alliance, 2016) 

According to the interview, the expert mentioned that seat capacity and competitors 
are the major affecting factors on demand. Therefore, the authors checked these two 
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external factors first. As checked, the seats capacity and competitors in route BKK-
HKT was quite stable as shown in Figure 37.  

 

Figure 37: Seats capacity per week of the primary and subsidiary airline from 2011-
2017 in BKK-HKT route (CAPA, 2015) 

 

Figure 38: Airlines in Bangkok Suvarnabhumi International Airport to Phuket 
International Airport market (CAPA, 2015) 

In route PER-HKT, the author found direct flights operation by the primary airline and 
Virgin Australia. Focus on winter’s period of 2011, at that time the primary airline had 
already provided direct flight service but connecting demand still high, thus, this 
might not be the root cause of demand lost. From Figure 36, the low-demand period 
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stared from winter’12 which was the same time that Virgin Australia increased seats 
capacity around 30% from previous as shown in Figure 39.  

 

Figure 39: Seats capacity of direct flight from PER to BKK by airlines (19th Sep, 2011 
– 31st Jan, 2016) (CAPA, 2015) 

On the outbound side from Phuket International Airport to Perth Airport, the demand 
behaved in the same and market environment also similar. With this reason, the 
author conclude that cause of demand drop in both ways are same.  

 

Figure 40: Seats capacity per week of the primary and subsidiary airline from 2011-
2017 in HKT-BKK route (CAPA, 2015) 
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Figure 41: Airlines in Phuket International Airport to Bangkok Suvarnabhumi 
International Airport market (CAPA, 2015) 

However, since virgin had ditched the direct flights in this route already due to the 
insufficient demand (O'Sullivan, 2015), the historical data in the period which market 
environment is same as currently is not enough for efficiently forecast with Holt-
Winter’s model. Thus, the writer discussed with the airline expert and decided to 
neglect this O&D market from consideration because the connecting demand is not 
very high. Besides, the primary airline is going to operate direct flight in this route and 
does not want the subsidiary airline to seize the market demand as well. 

4.4.1.2 Chiang Mai International Airport (CNX) 

The busiest airport in the Northern which located in a major province, Chiang Mai. 
There are 22 airlines providing service at this airport in total; 4 airlines operating 
domestic flights only while the others also provide services in the international 
routes. From this airport, the passenger can travel to many destinations around the 
world as shown in Figure 42. 
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Figure 42: Chiang Mai International Airport connection points (CAPA, 2015) 

The seats capacity trend of this airport is about 19% (average) growing up in every 
year since 2012 and it seems to be continue. Almost a quarter of total seats capacity 
comes from international and the most popular origin/destination country is China. 

 

Figure 43: Chiang Mai International Airport seats capacity year-on-year (CAPA, 2015) 
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Figure 44: Chiang Mai International Airport international vs domestic capacity share 
(CAPA, 2015) 

Considered at the connecting demand in both inbound and outbound legs, cyclic 
pattern is consisted in all routes as partly shown in Figure 45-48, except for Hong 
Kong international airport which will be discussed in the next section. 

 

Figure 45: Connecting demand from Singapore Changi Airport to Chiang Mai 
International Airport (Alliance, 2016) 
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Figure 46: Connecting demand from Narita International Airport to Chiang Mai 
International Airport (Alliance, 2016) 

 

Figure 47: Connecting demand from Chiang Mai International Airport to Singapore 
Changi Airport (Alliance, 2016) 

 

Figure 48: Connecting demand from Chiang Mai International Airport to Narita 
International Airport (Alliance, 2016) 
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a) Hong Kong International Airport 

The connecting demand between Chiang Mai International Airport and Hong Kong 
International Airport obviously decrease in past 4 years as shown in Figure 49 and 50 
even the seats capacity from Bangkok, Suvarnabhumi International Airport to Chiang 
Mai International airport has been remained at the same level. 

 

Figure 49: Connecting demand from Hong Kong International Airport to Chiang Mai 
International Airport (Alliance, 2016) 

 
Figure 50: Connecting demand from Chiang Mai International Airport to Hong Kong 

International Airport (Alliance, 2016) 

Currently, there are only 2 competitors in route BKK-CNX and CNX-BKK but former, 5 
were play in this market. As hypothesis, since the competitors can snatch seats 
capacity share, they could also drop the market share accordingly. But in fact, 
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connecting demand was not significantly decreased following the number of 
competitors in any potential route. With this reason, it can be claimed that a number 
domestic competitive carriers has no impact on demand. 

 

Figure 51: Seats capacity per week of the primary and subsidiary airline from 2011-
2017 in CNX-BKK route (CAPA, 2015) 

 

Figure 52: Seats capacity and share for Bangkok Suvarnabhumi International Airport 
to Chiang Mai International Airport (CAPA, 2015) 
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Figure 53: Seats capacity per week of the primary and subsidiary airline from 2011-
2017 in BKK-CNX route (CAPA, 2015) 

 

Figure 54: Seats capacity and share for Bangkok Chiang Mai International Airport to 
Suvarnabhumi International Airport (CAPA, 2015) 

Since the market environment on domestic side did not cause the significant impact 
on demand then the effect might come from international side. As checked, the 
author found that, in mid-2012, Dragonair started operating direct flight from Hong 
Kong International Airport to Suvarnabhumi International Airport then many more 
low-cost carriers entered this market later as shown in Figure 55. With this reason, 
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the direct flight’s ticket fare is much cheaper than connecting. Moreover, the travel 
time from Hong Kong International Airport to Chiang Mai International Airport is much 
shorter since there is no detour at Suvarnabhumi International Airport. With these 
reasons, many passengers prefer to use direct flight service than connecting which 
bring about the regression of connecting demand. According to expert’s opinion, 
these carriers will continue providing service in long term due to the attractive 
market size and profit. Therefore, Hong Kong International Airport is considered as a 
non-potential origin in this case.  

 

Figure 55: Seats capacity of direct flight from HKG to CNX by airlines (25th Jun, 2012 
to 12nd Feb, 2017) (CAPA, 2015) 

4.4.1.3 Chiang Rai International Airport (CEI) 

This airport locates in Chiang Rai which is the second major province in the northern 
part of Thailand. Air services at this airport are provided by 6 airlines and only 1 
carrier operate international flights from/to here. This makes the share of 
international capacity is rather low when compare with other 2 potential airports that 
mentioned earlier. However, there are many connecting flights from/to international 
origins/destinations especially in North East Asia as shown in Figure 56. With these 
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connections, the airport is still attractive even there is very low connection with 
Africa and none with South America. 

 

Figure 56: Chiang Rai International Airport connection points (CAPA, 2015) 

The trend of market capacity is also good. Since 2012 to 2016, the average growth 
rate is about 19% as same as Chiang Mai. The majority of an international demand is 
from China because there is no direct flight from other country from/to this airport. 
 

 

Figure 57: Chiang Rai International Airport seats capacity year-on-year (CAPA, 2015) 
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Figure 58: Chiang Rai International Airport international vs domestic capacity share 
(CAPA, 2015) 

a) Singapore Changi International Airport 

Singapore Changi International Airport is the only origin where demand is above 0.5% 
of average total connecting demand. Although the demand trend is going down in 
last five years, expert do not recommend to cut this airport out from potential points 
because currently there is no direct flight from Singapore Changi Airport to 
Suvarnabhumi International Airport unlike HKG-CNX-HKG.  Therefore, connecting flight 
is the only way to reach this destination. 

Regarding to the study about market environment, there is an evidence that reveals 
the relation between capacity and demand. As the demand in route BKK-CEI 
increased in 2013, the capacity was raised accordingly. In winter’s 2014 which was 
the transition period for both primary and subsidiary airline, the demand also 
dropped following to seats capacity. Lastly in winter’15, seats capacity was added 
back at 107,358, demand also slightly increased. In order to confirmed this 
assumption, seats capacity in route SIN-BKK also checked. The capacity from 
Singapore was quite stable except in late February to October 2014. Compare with 
demand in in same period, it did not drop according to the capacity. Besides, when 
the seats were added back in winter’14, demand was still going down. With this 
evidence, it can be concluded that demand in route SIN-BKK has no importantly 
effect on connecting demand. 
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Figure 59: Connecting demand from Changi International Airport to Chiang Rai 
International Airport (Alliance, 2016) 

 

Figure 60: Seats capacity per week of the primary and subsidiary airline from 2011-
2017 in CEI-BKK route (CAPA, 2015) 

Apart from seats capacity, competitors in market also concerned. Refer to the 
historical data from CAPA, many carriers came in and out of market along past 5 
years but there is no clear relation between this and connecting demand. As the 
result, this factor is eliminated from consideration. 
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Figure 61: Seats capacity and share of flights from BKK to CEI by airlines (19th Sep, 
2011 – 12nd Feb, 2017) (CAPA, 2015) 

  

Figure 62: Seats capacity and share of flights from SIN to BKK by airlines (19th Sep, 
2011 – 12nd Feb, 2017) (CAPA, 2015)  
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4.4.2 Demand Forecast 

The connecting demand in every considered route were forecasted by multiplicative 
Holt-Winter’s model to predict the connecting passenger demand in the next winter 
period. The reason that author used this method because demand behavior in every 
route has a seasonal pattern and the trend is multiple change from previous period. 
The alpha, beta, and gamma value that used in calculation were calculated case by 
case in order to obtain the most accurate result. The considered period is 5 because 
the peak period is repeat in every 5 months and this is the number of month in 
considered season as well. 

The calculation was done with excel template as shown in Appendix C. However, the 
result is not allowed to disclose because the airline is in high competitive market and 
this information leak could be beneficial to the rival and cause negative impact on 
the airline. Therefore, the forecasted demand must be confidential keep. With this 
reason, the result of forecasted demand per month is partly shown in Table 8 and 9. 
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Table 8: Forecasted demand for BKK’s inbound flights 
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Table 9: Forecasted demand for BKK’s outbound flights 

 

 

To make the ideal connecting flight timetable complete, the forecasted demand is 
summed up and assigned into each time-slot. However, the forecasted demand is 
demand per day but in the real situation some O&D markets have more than 1 flight 
per day. In this case, the author assumed that every flight in that particular route has 
an equal passenger demand so the total demand in each flight is equal to total 
demand per day divided by the number of flight per day. 
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4.5 Potential flight time 

4.5.1 By flight adding 

According to forecasted demand in previous section, the author found that only HKT-
BKK and BKK-HKT have the sufficient demand for new additional flight. Therefore, in 
this section, only Phuket international airport is considered. 

Due to time constraint 3 (Equation 30), the flight which could seize the primary 
airline’s demand must be avoided. For the example, if departure time of the primary 
airline’s flight is 11:00, the subsidiary airline is not allowed to add any new flight 
between 10:30 – 11:30. 

According to the primary’s flight time table in Appendix E, therefore, the subsidiary 
airline is not allowed to operate new flight between the time-period that show in 
Table 10 and 11.   

Table 10: Unavailable departure time-period for new HKT’s inbound flight 
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Table 11: Unavailable departure time-period for new HKT’s outbound flight 

 

After filtered the unavailable time-period out and list the top 10 time-period by 
forecasted demand. The result shows that HKT’s inbound flights have more demand 
than outbound flights in average. However, it cannot be concluded that the flight 
with the highest demand is the best choice because paired leg also influences to the 
final output. Sometimes, the best-fit inbound flight might have very low demand and 
pulled total demand of roundtrip down until it is insufficient for operation. Thus, all 
flight time which would offer the highest demand in both legs that listed in Table 12 
and 13 are individually considered. 

Table 12: Top 10 best flight time for inbound leg 
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Table 13: Top 10 best flight time for HKT’s outbound leg 

 

To find the best new roundtrip flight time, developed model in section 3.5.1 was 
used with algorithm as explained below. 

Firstly, the time-slot which would offer the highest demand is picked and the set of 
possible paired flight under formulated constraints are listed as following. 

Table 14: Possible paired flight for BKK-HKT 09:00 – 10:25 

 

By using BnB algorithm, the possible flight time in Table 14 was individually checked, 
started from the first record. Then the objective was set as 32 for demand per flight, 
7 for connections, and 30 minutes for idle time. Then the second record was 
considered, in this case, the demand from second record was higher than objective, 
therefore, the current objective was replaced by new demand which is equal to 39. 
After that, the third record was checked but the demand and connections were 
same only idle time was increased by 5 minutes. Since this option was not better 
than the objective value, thus, the objective was remained. Each possible flight time 
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in the set will be considered until all is checked and then the next departure flight 
will be picked. In this case, BKK-HKT 09:05 – 10:30 is considered next with the same 
process. 

As the result, the objectives from flight time determing process are shown in below 
Table 15 and 16. If all first flights of roundtrip is fixed, the available outbound flights 
are explored as shown in Table 15. The best roundtrip flight in every aspect is a 
solution from option 5. The total demand for roundtrip is equal to 247 or about 73% 
of aircraft maximum capacity. The number of connection is 16 and 6 for inbound and 
outbound fight respectively. 

Table 15: The departure time of second flight in roundtrip 

 

After the result from fixed inbound flight is acquired, the author repeat all problem-
solving process again, but this time, HKT’s outbound flights were fixed instead. As a 
result, best roundtrip flight is shown in Table 15. 
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Table 16: The potential departure time of first flight in roundtrip 

 

To conclude, there are 2 new roundtrip flight to serve connecting passenger from the 
primary airline. One is in the morning and another is in the late night. For the 
morning roundtrip flight, the forecasted demand is about 72.92% of maximum 
aircraft capacity and the night flight the demand would be about 84.22% for 
roundtrip. The offered connections is 16 and 14 international airports for morning 
and night flight respectively with the same idle time at 1 hour. 

4.5.2 By flight adjustment 

To ensure that point-to-point passenger would not be stolen by competitors, the 
subsidiary airline prefer to shift flight time within the range of 15 minutes from/to the 
current flight time that shown in Appendix E wihtout competitors’s flight frequency 
increment. The competitor’s flight timetable can be discovered in Appendix G. Then, 
the set of possible arrival/departure time is created. The best-first search which is the 
one of heuristic to find the best pair of flight within the created data set. Then use 
the obtained solution as an objective and repeatedly check other flight pairs until 
the best piar between departure and arrival time set is found.  

For the example, roundtrip flight BKK-CNX 08:45 – 10:00 and CNX-BKK 10:35 – 11:50. 
At the beginning, the second leg flight CNX-BKK was fixed. The flight time for BKK-
CNX was shifted 5 minutes up and down within 15 minute. Before using best-first 
search, all possible new time is listed as shown in Table 17. 
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Table 17: Possible adjusted flight time for flight BKK-CNX 08:45 – 10:00 

 

From all possible new departure time, 08:45 gives the best outcome in term of 
demand which is the first priority. Therefore, 08:45 is marked as a new flight time. For 
the last two record, the idle time is less than standard ground time at province 
airport, therefore, the time only applicable when the second-leg flight time is 
shifhted till depature time is after 10:40. However, this is not the final solution so the 
process is once done to find the best flight time for second-leg flight as shown in 
Table 18. 

Table 18: Possible adjusted flight time for flight CNX-BKK 10:35 – 11:50 

 

Similar to the first-leg flight, departure time in first two records will available only if 
the first-leg flight is shifted up 5 and 10 minutes respectively. Considered at the 
result from both legs adjustment, record no.3 and 4 gives the highest demand for 
inbound and outbound leg of Chiang Mai International Airport and the idle time 
between these 2 flights is less than 1 hour. Consequently, this pair will be used 
instead of the existing. 
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According to the result from flight scheduling model in section 3.5.2, new flight time 
are replaced as shown in Table 19. 

Table 19: Adjusted flight time for all flights in potential O&D markets 

 

For Chiang Mai International Airport, the total connecting passenger demand would 
be increased from 162.18 to 173.1 per day or almost 7% and the number of 
connections is raised to 72 airports in total which is 4.35 % more than currently. 
Moreover, idle time which exceed standard ground time also reduced at 10 minutes 
in total which makes the aircrafts more utilise. 

For Phuket, with the current flight timetable, the total connecting passenger demand 
is about 315 with 35 possible connections. But after this timetable improvement, the 
total demand would increase around 2.7% to 324 approximately and the 6 
connections is added. However, the total utilise hour is decreased 10 minutes in 
total. 
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4.6 Flight timetable to increase connecting passenger 

To summarise the result from both solutions, a final time table is developed as 
below. The highlighted rows are new added flights while the rest are adjusted flights 
based on current timetable. 

Table 20: New flight timetable for all potential O&D markets 

 

With the new developed timetable, the total connecting passenger demand would 
be increase about 46.76% from 491.87 to 1,051.86 and the number of connections 
from the primary airline’s perspective is raised from 140 to 179 which is 78.21% more 
than previous. Furthermore, the utilisation also increased 3 hours from the new 
added turnaround flights. 
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4.7 Minimum required fleet 

Apart from time and demand constains the mentioned earlier, resource is also 
important. Nowadays, the subsidiary own 20 aircrafts in total and 5 aircrafts are 
totally available. Therefore, the required fleet for new timetable must not exceed 5. 

By using Greedy Algorithm which is a kind of best-first search to measure the number 
of minimum required aircrafts, the result shows that at least 5 aircrafts are needed to 
operate all flights in the new time table. The fleet assignment for each flight is done 
as shown in Figure 63. 

 

 

Figure 63: Fleet assignment to all flights in new developed timetable 
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CHAPTER 5: ANALYSIS & DISCUSSION 

5.1 Overview 

To recap the flight timetable development process in this study is separated into 3 
phases following the purposes. The first phase is preparation. All information that 
required for flight timetable construction is obtained and gathered. Ideal timetable 
was created in step with the forecasted demand in each time-slot. During data 
clarification and demand forecast, the author found important factor that cause the 
significantly impact on connecting demand which will be described below. After that, 
the new flight timetable was developed in the second phase with the aim to 
increase connecting passenger. The ideal timetable was used as reference to find the 
best solution for flight time adding and adjustment. Lastly, the feasibility check was 
done to ensure the sufficient of capability. For the last two phases, heuristic plays a 
key role in development and checking. The author found some limitation of this 
approach in during the actual adaptation and the limitation will be discussed in this 
chapter.  

  
5.2  Limitations of findings 

5.2.1 Affecting factors on connecting demand 

According to the problem from previous flight timetable which was developed based 
on the number of connections only, therefore, in the study, the demand in targeted 
O&D market had been involved in the consideration. Before the research process 
starts, the author presumed that passenger demand in O&D market is the main factor 
which drives connecting demand in between that particular origin and destination. 
Differently from the hypothesis, from the research, the historical demand reveals 
that the demand in O&D market is not always reflect on connecting demand but the 
competitors in direct market always do. According to the demand in route HKG-BKK-
CNX, after the competitor start operating direct flight in this market, the demand was 
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significantly dropped until connecting demand is so poor. Apart from the competitor, 
the study reveal that seat capacity also influences to connecting demand as well. 
However, the competitors and seat capacity are not always effect to connecting 
demand in every market. Therefore, the thoroughly study about these factors 
including with others affecting external factors would help for accuracy improvement 
in forecast. 

5.2.2 Heuristic search algorithm 

To solve the flight timetabling problems, the author adopted an optimal heuristic 
search namely, Branch-and-Bound. By using this technique, the author aims to obtain 
the best solution regarding to airline’s objective with less time than optimal search 
process. However, practically, this method was not help to reduce total execution 
time since all possible time-slot need to be individually checked. The reason is 
because of the data. According to literature review in section 2.8.1, since complete 
path is not required for BnB, the execution time can be reduced from this point. 
However, in this research, the weight of each arc which is demand is not much 
different so completed path need to be done for the comparison. Besides, due to 
the small size of data set, heuristic and optimal search do not provide the significant 
difference. However, if this model is applied to larger data set with the wide range of 
demand in considered time-slots, the total execution time for problem solving in 
both method might significantly different. 

Another searching algorithm that employed in this study is Greedy algorithm which is 
a kind the easiest best-first search. In the last step of timetabling development, the 
author used this algorithm to measure the minimum required fleet. However, the 
plan that obtained from this section cannot practically used for fleet assignment and 
allocation because the utilisation rate of aircraft will be so poor. 

Regarding to the Figure 63 in chapter 4, section 4.7, the aircraft which would travel 
along the provided route in the first row has to start the trip at Chiang Mai 
International Airport and finished at Phuket International Airport. Besides, there is no 
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route start from Phuket International Airport and back to Chiang Mai International 
Airport. As a result, empty flight operation is needed to bring the aircraft back to the 
start point. Practically, airline does not appreciate to operate flight without any 
benefit, therefore, the circumstance like this must be avoided. With this reason, the 
additional constraints are strongly needed to ensure that no empty flight operation is 
required and makes the plan more practical. 
 

5.3 Company feedback 

From the result of this study, the airline could increase the high volume of 
connecting passenger and the number of connection without utilisation loss. Thus, 
the airline is very appreciated. However, the airline worry that proposed flight time 
might not available and must be checked with the airports’ officers.  

The evaluation form with feedback from the airline’s manager of flight planning 
department is shown in Appendix E. 
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CHAPTER 6: CONCLUSION 

6.1 Conclusion 

The statement of this research is to increase connecting international passenger 
through the flight timetable development. Start off the study, the problem that 
subsidiary airline is facing which bring about this project were discussed. With an aim 
to extend air network for more competitive advantage, the subsidiary airline planned 
to collaborate with the primary airline by playing a role of feeder who provides 
seamless connectivity between international and domestic flights and help the 
primary airline to distribute passenger within country.  

The individual interview session with airline’s planning manager was set in order 
obtain more understanding about current situation and scheduling process. From the 
interview, the author found that company only used the number of offered 
connections in each flight to estimate the connectivity performance and develop the 
new flight timetable to serve connecting passenger. However, this was not quite 
efficient as expected in practical term. The main reason is the number of 
connections does not always reflect on demand if the offered connections cannot 
satisfy passenger. As checked, apart from the lack of connectivity, demand was very 
poor in almost of all O&D markets where the subsidiary flight was offering. With this 
reason, the expert suggested to use demand as the first criteria for new flight 
timetable development.  

However, there are some related constraints that must be considered and aware 
during the scheduling process are identified. The constraints can be classified into 2 
aspects which are time and demand. For time constraints, 2 sub-types are explained 
base on perspective. First is from airline’s viewpoint and the second comes from 
passenger’s. For the airline, time constraints mainly come from operational activities. 
Since many sequential tasks are needed to be done after the aircraft reach the 
destination airport such as baggage loading, cabin clean up and preparation for the 
next flight, aircraft checking and maintenance. Therefore, at least 50 and 30 minutes 
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are required at Suvarnabhumi International Airport and province airports respectively. 
Besides, since flight time would influences the utilisation of aircrafts, the gap time 
between two consequent flight at the same airport is limited at 1 hour in order to 
sustain the utilisation rate. Lastly, from marketing aspect, to prevent the competition 
on market share between the primary and subsidiary airline, the new added flight 
within the same range of 30 minutes which is the maximum acceptable time 
flexibility must be avoided. Another perspective belongs to passenger, due to the 
immigration and disembarkation process, passenger need some spare times before 
continue their travelling via the connecting flight. However, too long spare time will 
reduce connectivity performance. Therefore, the subsidiary airline limited maximum 
passenger acceptable waiting time at 3 hours refer to company’s internal research.  

Focus on demand, in order to scope down the number of considered O&D market, 
the average 5-year historical demand must higher that 0.5% of average total demand 
from 2011-2015 based on data in Star Alliance’s database which are equal to 293 
and 274 for inbound and outbound flight respectively while the market with lower 
demand than 0.5% of total average demand is considered as insignificant which can 
ignore. Furthermore, to ensure the new added flight would have sufficient demand 
to cover operation cost, at least 60% of maximum aircraft capacity or 100 passengers 
is required per flight. All mentioned time and demand constraints are transformed 
into mathematical equations for further application. 

To determine the potential times for connectivity and network expansion, the ideal 
flight timetable was constructed by applying the concept of visualisation in wave-
system structure including with passenger’s time constraints. Then, the forecasted 
demand was summarised and assigned for each time-slot. To obtained forecasted 
demand, Holt-Winter model was adopted with 5-year historical demand from Star 
Alliance in all O&D markets except the market with insignificant demand as ruled 
earlier in section 3.3.2.  

The reason that author use Holt-Winter model is because of seasonal demand 
characteristic which match the most with this method. Regarding to the completed 
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ideal flight timetable with summary of forecasted demand, the top 10 time-slot were 
ranked base on two criteria which are demand and number of connections. The 
reason that demand was used as the first priority because this research aim to 
eliminate weakness from the flight time selection process that airline did before as 
explained earlier. However, the number of connections cannot be ignored since it 
refers to the possibility in market growth and expansion. Furthermore, the high 
demand O&D market does not good in long term if that market has already 
saturated. 

In this research, the connecting flight timetable was developed by new flight adding 
and flight time adjustment. The reason that two techniques are used because even 
the airline aim to obtain more passenger, the point-to-point demand still important 
and must be remained. Otherwise the added connecting passenger from new 
developed timetable would be worthless. Therefore, two flight time tabling model 
were developed from formulated constraints and solved separately for each 
method. According to airline’s requirement only one pair of flight which would offer 
the highest advantages to the airline is needed in the first phase of development. 
The model of flight timetable at this section was solve with heuristic approach called 
Branch-and-Bound algorithm. As the result, 2 new additional flights which would be 
operated with an aim to serve connecting passengers only were acquired from the 
first model. In term of efficiency, 3 factors; demand, connections, and utilisation of 
aircraft were assessed.  

For the second method, all current flights were considered and allocated under time 
constraints that declared earlier. In this section, best-first search was applied for 
problem solving. To summarise, the final timetable was constructed from the 
combination of both methods’ result. The first priority was given to additional flights 
because these especially developed to serve connecting passenger while the 
adjusted flight was just adjunct so it was considered as the second priority. To 
evaluate the performance of new timetable, 4 indicators were used which are 
demand, the number of competitors, connections, and utilisation hours. After 
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combined the result from two timetabling methods together to construct the final 
flight timetable, the result shows that total connecting demand would raise around 
46.76% from average demand of past 5 year and the number of possible 
connections from inbound and outbound flight are increased from 140 to 179 in 
total. Moreover, the utilisation hour would increase 3 hours. 

Lastly, to ensure that the developed timetable is practical, the minimum required 
fleet was measured and compared with the existing aircraft resource. Greedy 
algorithm which is a kind of heuristic search was adopted for solution finding. As a 
result, the author found that at least 5 aircrafts are needed to operate all flights in 
the developed timetable which is equal the number of current available aircraft.  
 

6.2 Contribution 

According to many researches about flight scheduling where connectivity is the main 
concern, the complicated model was developed and employed. Due to the 
complexity, the model is not possible to be solved manually, thus programming 
calculation is strongly needed and this cost quite a lot to the company. For the new 
airline where large amount of investment has been paid in establishment already, 
therefore, it would be helpful if the capital investment on planning can be reduced. 
By using the timetabling model that provided in this study, the problem can be 
manually solved because the problem was broken down into many small sets. Then 
apply heuristic to find the proper solution. 
 

6.3 Limitation of study 

Since this study used heuristic as the main approaches to obtain the result, 
therefore, the developed timetable might not be the optimal one but just good 
enough according to the airline’s objective. Furthermore, the flight scheduling model 
and solution that developed in this research are potentially useful for small scale 
problem, especially for the new subsidiary airline where operating route is not much. 
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Otherwise, the number of iteration in solution finding process would be so high that 
very long execution time is needed. Lastly, profit and cost are neglected in this 
research so the model is not applicable for any cases that cost is the main concern. 
 

6.4 Future recommendation research 

In the last step of flight timetable development in this research, the author just 
checked the minimum required fleet for only 2 potential airports which are Phuket 
International Airport and Chiang Mai International Airport. From the study, the author 
found that even greedy algorithm for fleet assignment always gives the best solution 
in every single step but the solution might not be the optimal if the start and end 
airport of the particular aircraft is different. With this reason, fleet rotation is very 
helpful for the problem solving. Since each aircraft can be rotated to more than 1 
route. For an example, A32S-1 travel roundtrip between Bangkok, Suvarnabhumi 
International Airport and Chiang Mai International Airport. After that it could be 
assigned to international route like Cebu and finished there. At the same day, there is 
another fleet, A32S-2 which starts the travel from Cebu and ends at Bangkok, 
Suvarnabhumi International Airport. Therefore, these 2 aircrafts swap the route with 
each other on odd and even date. Furthermore, due to the relative rotation among 
aircraft, the changes in some flight could influence to the others within the network. 
Consequently, all flights must be involved in consideration for fleet planning to 
maximise the utilisation of aircraft.  

Another concerning point is actual flight time. In this research the time was provided 
based on calculation and theory while this might not available in practical due to 
the limitation of airport time-slot and resource. Therefore, the provided solution can 
be only used as a guideline. Additional research on actual available time must be 
done to make this plan more practical. 

In this study, the connection is limited between the primary and subsidiary airline 
only, but in the future, the subsidiary airline can extend the scope to satisfy 
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passenger from others international airline as well in order to make the higher 
volume of connecting passenger which could bring about the higher profit 
accordingly.  
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Appendix A: Passenger Choice Model 

Model VMSFSM 
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Appendix B: Interview 
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Appendix C: Forecasted Demand 
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Appendix D: Wave-System Structure 
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Appendix E: Flight schedule of the subsidiary airline in potential O&D 
markets 
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Appendix F: Flight schedule of the primary airline in potential O&D 
markets 
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Appendix G: Flight schedule of the competitor airline in potential O&D 
markets 
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Appendix H: The airline’s feedback 
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