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Abstract

This paper mainly studies the problem of irregular flights recovery under un-
certain conditions. Based on the analysis of the uncertain factors affecting the
flight, taking the total delay time and the total cost of flight delay as the objec-
tive function, and considering the constraints of flight plan and passenger
journey, an uncertain objective programming model is constructed. Finally,
taking OVS airport temporarily closed due to bad weather as an example, the
results show that better quality optimization scheme can be obtained by inte-
grating passenger recovery with narrow sense flight recovery stage and im-
plementing integrated recovery.
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1. Introduction

At present, China’s air transport industry is in a period of rapid development,
and the market demand is growing. Airlines strive for greater profits by making
compact flight plans and reducing costs. However, in the implementation of
flight plan, it is often affected by many emergencies and deviates from the origi-
nal plan, resulting in irregular flights, such as bad weather, major geological dis-
asters, military exercises, accidents, aircraft failures, etc. [1]. When the flight is
delayed or cancelled, it is necessary to re-plan and resume the passenger journey
according to the passenger destination and existing flight resources, so that the
disturbed flights can quickly return to normal. The problem of irregular flight
recovery not only has complex objective function and many constraints, but also
requires high timeliness of calculation [2]. With the current technical condi-

tions, it is still unable to solve the problem of large-scale irregular flights recov-
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ery in a short time. Therefore, the solution process is usually divided into three
sub-problems, namely aircraft path recovery, crew recovery and passenger re-
covery. Although the phased solution simplifies the problem, it is difficult to get
the global optimal solution. Therefore, the current research focuses on the inte-
grated recovery of irregular flights [3]. A series of mathematical models and so-
lutions for the irregular flights integration recovery problem are given in the Li-
terature [4] [5] [6] [7]. Generally speaking, the model is large in scale, high in
complexity and difficult to solve. Therefore, the idea of dividing the whole mod-
el into one main model and three sub models is proposed, and then iterative so-
lution is proposed. Although the thinking path mentioned in this paper is easy
to solve, there is no information interaction among the sub models, and the re-
sult of the solution is improved but not ideal. Liu use the time period approx-
imate network model and resource allocation model to solve the integrated re-
covery problem of irregular flights, calculates the lower bound of the approx-
imate optimal solution and the optimal solution, estimates the gap between the
two. Then, taking the United States continuous airlines as an example, the availa-
bility of the method is illustrated, The results show that the method proposed in
this paper is better than random search method in solving the problem, but the
feasibility of the method in practical problems cannot be explained because of
the small amount of data.

There are many reasons for irregular flights, some of which cannot be accurately
described by numbers or models. For example, if the flight is delayed due to severe
weather such as thunderstorms, the flight cannot be recovered until the weather
improves. The period from the start of the delay to the recovery of the flight is dif-
ficult to accurately predict even based on the information of the weather forecast.
When the weather reaches take-off or landing conditions, the air traffic control
department may control the air traffic flow, causing the aircraft to stay at the air-
port unable to perform flight tasks. Flight delays caused by many reasons are more
difficult to recover. Dispatchers can only rely on Make appropriate adjustments to
experience. As flight delays or cancellations seriously affect the passengers’ itine-
rary, passengers will be disappointed with the airline’s services and capabilities,
and the airline’s reputation will decline, which will cause potential economic losses
to the airline. In modeling, it is difficult to use one or a set of accurate figures to
measure the degree of passenger disappointment to the airline and the airline’s
potential economic loss [8] [9] [10]. Therefore, it is described by introducing un-
certain variables. It can be seen that there are many factors that cause flight irregu-
larities. Under the combined effect of these factors, the uncertainty of flight recov-
ery problems is mainly manifested in the impact of flight delays or cancellations
on passengers and flight delays or cancellation costs. Therefore, the problem of ir-

regular flights recovery is a typical uncertain multi-objective planning problem.

2. Modeling of Irregular flights Recovery under Uncertain
Conditions

The irregular flights recovery considering aircraft path and passenger itinerary
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integrates aircraft path recovery and passenger recovery, and abstracts the objec-
tives and constraints involved in these two recovery problems as objective func-
tions and constraints. The meanings of the parameters involved in the model are

shown in Table 1.

2.1. Objective Function Analysis

The objective function of the irregular flights recovery problem includes the to-

tal time of passenger delay and the total cost of flight delay.

e Total time of passengers delay. According to the relevant regulations of the
Civil Aviation Administration, the total time of passengers delay refers to the
product of the flight delay time and the number of passengers, as shown in
Equation (1).

E-(Ng (F)+Ng () -t] (k) -k, 0<k<24
T (tF(k), &) =4& - (N (F)+ N (F))-tf(k)-k,  24<k<60. (1)
E (NG (F)+Ng(F)-t) (k)-k, 60<k<96

where Taf is the total delay time for flight a to execute flight £ &,¢,,&, are the
uncertainty weight factors following the distributions £(0,0.3), £(0.3,0.7) and
£(0.7,1.0), respectively, k& represents the 4th time unit, with 5 minutes as one
time unit.

According to the relevant regulations of the Civil Aviation Administration,
the flight cancellation time can be converted into a delay of 8 hours. Therefore,
the total time of passenger delay is

Te =20 2 % T (0 (k). &) + 3 98(Ne () +Ng (1)) v (2)
feF acA feF
e The total cost of flights delay. The total cost of flight delay includes direct
cost and indirect cost. Direct costs include the cost of airline compensation
and aircraft in the air and ground holding and canceled flights.

The cost of airline compensation. The Civil Aviation Administration’s com-
pensation standard for flight delays stipulates: if the flight is delayed due to the
airline’s own reasons, the delay is between 4 hours and 8 hours, the passenger
will be compensated not less than 200 ¥; the flight will be cancelled if the delay
exceeds 8 hours, and each passenger will be compensated Not less than 400 ¥.
On the basis of the compensation standard, the airline makes compensation in
combination with the actual delay. The passenger compensation cost can be
calculated by Equation (3).

0, 0<k<48
CP (,K)=1m - (a° +q°), 48<k <96. 3)
n,-(dy +47), k=96
where CF’af is the cost of compensation to passengers due to the delay of flight £

implemented by aircraft @ 7,,7, are compensation amount for each passenger

under different circumstances following the distributions

DOI: 10.4236/wjet.2021.94052

757 World Journal of Engineering and Technology


https://doi.org/10.4236/wjet.2021.94052

X. F. Meng et al.

Table 1. The meanings of the parameters involved in the model.

Parameters Meanings Parameters Meanings
f Flights L VIP flights
In Important flights I Ordinary flights
A The set of available aircrafts a Aircrafts
L The set of type of aircrafts / The type of aircrafts
p Airports p The set of Airports
F The set of flights F The set of disturbed VIP flights
Fi The set of disturbed important flights F The set of disturbed regular flights
Y If flight £is cancelled, the value is 1, otherwise it is If airplane a executes flight £ the value is 1, other-
0 wise it is 0
t! (k) If the plane a executes the flight £ it takes off at N SATE (t,t,) The number of gates available at airport p during
the time unit 4 of the delay, then the value is 1, (t,t,), peP
otherwise it is 0
N ;‘FTER 0} The number of aircrafts of model /which required Ng(I) The number of business class seats of the aircraft
to be parked at airport p after the restoration belongs to type |
Ng(f) The number of business class passengers on flight N¢ (1) The number of economy class seats of the aircraft
f belongs to type /
N (f) The number of economy class passengers on flight p® The fare for business class seats on flight £
f
pt The fare for economy class seats on flight £ N() The total number of seats of the aircraft belongs to
type /
pg The itinerary of the disturbed passenger I(p.t) The set of inbound flights parking at airport p at
moment ¢
PG The set of the itinerary route of the disturbed pas- O(p,t) The set of outbound flights parking at airport p at
senger (departure airport to arrival airport) moment ¢
E(|) The flight set of aircraft type /cannot be allocated, E(tptz) The set of airports closed due to inclement weather
leL, F()eF during (t,t,)
R(pg) The set of alternative itineraries for disturbed b;’*fST On the same day, flight ffinally lands at airport p,
passengers, pg € PG itis 1, otherwise it is 0
b;LfT If the flight £stops at the airport p within the spe-  p* If the flight £is on route r of the disturbed passen-
cified time, the value is 1, otherwise it is 0 gers, the value is 1, otherwise it is 0, r e R(pg)
it If aircraft a belongs to type / it is 1, otherwise itis n The number of passengers on flight fon route r
0 r € R(pg)
x The aircraft belongs to type /is assigned to flight £ 7 The number of passengers whose flight route is on

then it is 1, otherwiseitis0 lelL,f eF

rand the departure and arrival airportis pg,

r<R(pg). pg € PG

£(200,300), £(400,600) .
The cost of aircraft air/ground holding. The recovery of irregular flights is

mainly to study how to reasonably reschedule the flight plan. Therefore, the cost
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is mainly the cost of aircraft ground waiting, including the cost of aircraft park-
ing at the airport and the cost of aircraft depreciation, which can be calculated
by Equation (4).

CW," =(B+v)-t, (k) k. 4
where CW.' is the ground holding cost of the delay or cancellation of flight £
implemented by aircraft 4, B is the fee charged for every minute of aircraft a

stopping at the airport; v is the depreciation cost per minute of aircraft a.

The cost of cancelling flights. It is calculated as in Equation (5).
CCl =p. Y 5)
where CCaf is the cost incurred by aircraft a due to the cancellation of flight £
Indirect costs refer to the damage caused by the airline’s reputation due to ir-
regular flights, and passengers no longer choose their flights in future trips,, as
shown in Equation (6).
(p7 -Ng(f)+pr Ne(f)) &, 0<k<24
CIJ(€,K) =1 (p?-Ng(f)+pF-Ne(f)-&,,  24<k <60, ()
(p? -Ng(f)+pf-Ng(F)-&, 60<k <96

where Claf is the indirect cost of aircraft a due to the cancellation or delay of

flight £
Therefore, the total cost of flights delay can be calculated by Equation (7).
Cr = > xi -[CR/ () +CW," +CC, +CI (& k)L (7)
feF acA

2.2. Constraints Analysis

¢ Flights schedule constraints.
Flights coverage constraint. Each flight is executed by one aircraft, or the
flight is cancelled. The constraint is described as Equation (8).
> (x) +y)=1 VfeF. (8)
acA
Aircraft flow balance constraint. After the completion of the recovery, the
number and types of aircraft parked at each airport meet the requirements of the

plan. The constraint is described as Equation (9).

z b:)_jAfST _le > N?FTER (I), vp c P,I c L (9)
feF

Parking space constraint. The airport must have enough parking spaces to
ensure that flights take off and land normally. The constraint is described as Eq-
uation (10).

YUY x= > x)SNIFE@RLL), VpeP. (10)
acA fel(pt) fe0(p.t)

VIP flights important precedence constraint. Minimize delays on important

flights. The constraint is described as Equation (11).
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X > xMm > x

a =

fg
a !

vaeAf, eF, f eF f eF,. (11)

Airport closure constraint. The airport was closed due to bad weather and the
aircraft could not be taken off or landed during this period. The constraint is
described as Equation (12).

> 2 byl x{ =0, YpeP(tt,). (12)

feF acA
Aircraft type matching constraint. Different aircraft types are not allowed to
be exchanged. The constraint is described as Equation (13).

> %' =0, VleL (13)

feF(l)

Airplane seats constraint. The seats of the aircraft allocated to a certain flight

should meet the needs of passengers. The constraint is described as Equation

(14).
ZZb;'[T X! Ng() > Ny (f),Vvf e F,ZZb:lLT XN ()= Ng(f),vf e F. (14)
leL acA leL aeA

e Passengers constraints.
Passenger number constraints. Ensure that the new flight plan will not cause

overbooking. The constraint is described as Equation (15).

>3 e ST ETNG, R 09

pgePG reR(pg) acAlel

Passengers itinerary constraints. Ensure that the passenger itinerary in the
new plan is consistent with the original plan. The constraint is described as Equ-
ation (16).

> 2P =n, vpgePG. (16)

reR(pg)
e Decision variable integer constraints.
x, {01}, VvfeF,aeA
y; €{0,1}, VvfeF
x'e{01}, VlelL feF
ez, vr e R(pg), pg € PG

(17)

Therefore, the uncertain multi-objective planning model for the recovery of

irregular flights is shown as Equation (18).

minT. = > > x0T, () (k), &)+ D 96(N (f)+ Ny ())-y,

feF aeA feF
minC. = > > [ -[CP, () +CW," +CC +CI (&,K)]
feF acA
s.t.
(x4 +y)=1 VEeF; > b x' = NFTR(), vpePlel;

p, f
acA feF

YOY o x - > x)SNPE(.L,), VpeP;

aeA fel(p,t) feO(p,t)

fo vaeAf, eFR, f,eFR, f,eF;

a ! g’

f f
X' = X" =X
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Z zb:l:,LfT Xaf :O' VDEE(Q,IZ), z X|f :0, V| S L,

feF acA fer(l)
2. 2.ba "X Na ()2 Ng (1), vF e 303 by -x; - Ne (1) 2 N (1), vF e F;
leL aeA leL acA

> Y bz <Y Y xlbNTN() Ve F; Y 2 =0, vpg € PG;
PGePG reR(pg) acAlel ’ reR(pg)

x, €{0,1},vf eF,aec Ay, €{0,1},vf eF;t, e{0,,keN,vacA f eF;
x €{01}, VleL,feF;z® eZ", Vr eR(pg), pg € PG.

(18)

3. Case Analysis

Based on the data from the 2017 graduate mathematical modeling contest, we
try to solve the problem of irregular flights recovery under uncertain conditions.
Due to bad weather, the airport OVS will be closed from 18:00 to 21:00 on May
13, 2016. During this time period, the airport OVS cannot take off and land any
aircraft. After this time period (excluding the two times of 18:00 and 21:00), the
airport will resume immediately. Due to the limitation of the runway capacity of
the OVS airport, no more than 5 planes can take off every 5 minutes, and no
more than 5 planes can land. Other airports do not consider runway restrictions.

To simplify the calculation, set May 13, 2016 00:00-00:05 as the first time de-
cision unit, and then every 5 minutes as a time decision unit. For example, 21:00
to 21:05 (excluding 21:05 time) is the 252nd time decision unit, and all flights
taking off and landing within this unit time are counted as 21:00.

According to the uncertain multi-objective programming solution method in
the Literature [11] [12] [13], the uncertain multi-objective programming model
is transformed into a certain single-objective programming model, as shown in
Equation (19).

min E[A4 T +4,C¢ ]+ o[ AT +4,C]

S.t.

D4 +y) =1 VEeF; Y BT x" = NITER(), VpeP,lel;
acA feF

DY X = D x)SNFTE,L), VpeP;

aeA fel(pt) feO(p,t)

XafVZXafrrl >x'o VaeA,fveFv,fmeFm,fgeF'

a ! g’

z Zb;LfT X; :O' vaE(ti!tz)l z X|f :0, VI S L,

feF acA feF(l)
3SR X NG ()2 NG (F),VF e F; Y S0 ) -N (1) 2 N (), vf e F;
leL aeA ' leL aeA Y

Dby ez < x!-bET N, Ve eF; Y 2P =n,vpg € PG;
pgePG reR(pg) aeAlelL reR(pg)

x, €{0,1},vf eF,ae Ay, €{0,1},vf e F;t, e{0,,keN,vacA f eF;
x' {01}, VleL, feF;z”® eZ", Vr e R(pg), pg € PG.

(19)

where
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ELAT: + 4,Ce1=A{3) > % BT, () (). &)1+ X 96(N: () +Ng (1)) v}

feF acA feF
+2, 2, 2 % {EICP, (n)]+CW,’ +CC, +E[CI, (¢, K)I},
feF acA

0.15(N (f)+Ng(f))-t/ (k)-k, 0<k<24
E[T, (t) (k),&)]=10.5(Ng (f)+Ng(f))-t! (k)-k, 24<k <60,
0.85(Ng (f)+Ng(f))-t/ (k)-k, 60<k<96
0, 0<k<48
E[CP, (,k)1=4250(N.(f)+Ng(f)), 48<k <96,
500(Ng(f)+Ng(f)), k=96
0.15(p? Nz (f)+ pf -N (), 0<k <24
E[CL, (&,K)]=10.5(p? -Ng(f)+ pF-N.(f)), 24<k <60,
0.85(p? -Ng(f)+pf-N.(f)), 60<k<96

ol AT +4,Cc] :\/; [AT: + 4,C¢]
= 2 2 VIAX, T, (t (K), &)+ A%, -Cly (&, KNI+ 4 (x2)* X D VICPR, (1,K)].

feF acA feF acA
VX T, (1 (K), &)+ A,x! -CL (£,K)]
LA4x, -0y -tf (K)-k+ 4% - (pf -Ng(f)+pf-N ()] /400, 0<k<24
=[x 0] ] (K)-k+2,x] - (pF - Ng(f)+ pf -Ne (F))FF /30, 24 <k <60,
17[A1x;-n;~taf(k)~k+/12x;~(p$-NB(f)+pr-NE(f))]Z/4O, 60 <k <96

0, 0<k<48
VICP, (1,k)] = 112500(N, () + N (f))?/3, 48 <k <96.
50000(N, (f)+Ng(f))?/3, k=96

The inverse binary learning fireworks algorithm is used to solve the model
(19).

Figure 1 shows the length of each flight delay in the new flight plan. Similarly,
the length of the vertical line indicates the duration of the flight delay. The long-
er the vertical line, the longer the delay time of the corresponding flight, and vice

e

versa, the shorter; the “*” point indicates that the corresponding flight is not de-
layed.

It can be seen from Figure 1 and Figure 2 that 116 of the 172 flights were de-
layed and no flights were cancelled. The total delay was 2360 time units, or
11,800 minutes, and the total delay of passengers was 207,606 time units, or
1,038,030 minutes; the passengers were required to be compensated for flights
delayed for more than 4 hours. 0, the total delay cost is 1,976,900 ¥. If no meas-
ures are taken for irregular flights, that is, all affected flights are postponed for 3
hours, the flight will be delayed for a total of 20,880 minutes, and passengers will
be delayed for 1,593,180 minutes, and the total cost of delay will be 3,435,600 ¥.
Considering passenger constraints, the newly formulated flight plan reduces

flight delays by 9080 minutes, passenger delays by 555,150 minutes, and delay
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Figure 1. Statistics of the delay time of new flight plans under uncertain conditions.
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Figure 2. Comparison of the departure time of original flights schedule and the flights after resumption.

costs by 1,458,700 ¥, which shows the effectiveness of the newly formulated
flight plan.

4. Conclusion

Based on the analysis of the uncertain factors and basic models that affect the
recovery of abnormal flights, this paper constructs an uncertain flight recovery
model, and uses the binary learning firework algorithm to solve the problem,
which provides a solution for abnormal flight recovery under uncertain condi-
tions. An example for demonstration and verification was proposed, the results
show that integrating the two-stage flight recovery into one model for research

can obtain a better quality solution. The next step will be to study the integrated
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restoration of irregular flights under uncertain conditions.
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