Jun. 2013

Transactions of Nanjing University of Aeronautics & Astronautics

MULTI-OBJECTIVE PROGRAMMING FOR AIRPORT
GATE REASSIGNMENT

Li Junhui (ZB42:)"%, Chen Xin (BERR)® s Zhu Jinfu CR4EE)!
(1. College of Economics and Management, Nanjing University of Aeronautics and
Astronautics, Nanjing, 210016, P. R. China;

2. Guangdong Airport Management Company, Guangzhou, 510406, P. R. China;
3. Traffic College, Southeast University, Nanjing, 210010, P. R. China)

Abstract; To improve the efficiency of gate reassignment and optimize the plan of gate reassignment, the concept of
disruption management is introduced, and a multi-objective programming model for airport gate reassignment is
proposed. Considering the interests of passengers and the airport, the model minimizes the total flight delay, the
total passengers’ walking distance and the number of flights reassigned to other gates different from the planned
ones. According to the characteristics of the gate reassignment, the model is simplified. As the multi-objective
programming model is hard to reach the optimal solutions simultaneously, a threshold of satisfactory solutions of
the model is set. Then a simulated annealing algorithm is designed for the model. Case studies show that the mod-
el decreases the total {light delay to the satisfactory solutions, and minimizes the total passengers’ walking dis-
tance. The least change of planned assignment is also reached. The results achieve the goals of disruption manage-
ment. Therefore, the model is verified to be effective.
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INTRODUCTION

Airport gate assignment is the process of as-
signing right airport gates for flights in order to
meet corresponding requirements, but the airport
gate assignment must be under some constraints.
Efficient gate assignment has an important signif-
icance on improving the utilization rate of airport
gates, reducing flight delays, facilitating airline
passengers, enhancing airport security ability,
and so on. Proceeding from passengers’ satisfac-
tion maximization and walking distance minimiza-
tion, domestic and overseas scholars have set up
0-1 programming'’ and integer programming
model™, worked out by branch and bound meth-
od and heuristic algorithm respectively. Xu and

Bailey'” took passengers’ turnaround time mini-
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mization as objective to set up model. Yan and
Huo'" established multi-objective 0-1 program-
ming model concerning the shortest passengers’
walking distance and waiting time. As an NP
problem, the gate assignment algorithm has been
improved by some related research™",

Planned assignment is the course of assigning
gates according to certain information (flight
schedule). In fact, there is certain randomness,
including flight uncertainty (early arrived, de-
layed, cancellation, alternate, etc.), emergency
cases (the long delay of departure flight which oc-
cupies a gate, the gate is unavailable because of
equipment failure, etc.), and so on. When the
above events occur, it is necessary to adjust the
planned assignment to solve the problem of gate

reassignment. In general, the assumption that
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the number and time distribution of flights re-
mains in the scope of airport capacity and airport
gates are sufficient to provide services for the
same-day flights to match the actual situation™’.
Based on this assumption, Zhu Shiqun' consid-
ered flight uncertainty and took the shortest
transferring distance of related people caused by
gate changes as objective to set up a gate reas-
signment model, and good results were achieved.
But he did not consider the arrival and transit pas-
sengers, and also did not take the emergency ca-
ses into account. In emergency cases, the as-
sumption no longer holds, because in a certain
period of time, the reduction of the total number
of gates may lead to delays of arrival flights. For
minimizing the total flight delays, Gu and
Chung'®! established a gate reassignment model
which was under perturbations of delayed flights
and worked out by genetic algorithm. Yan and

[ minimized the passengers’ waiting time

Tang
and established a gate reassignment model con-
cerning the random flight delays, meanwhile put
forward a kind of heuristic algorithm. Refs. [ 10-
117 respectively established single-objective opti-
mization model. But they did not fully reflect ei-
ther the passengers’ demands, or the characteris-
tics of gate reassignment, and the solving process
was too complex.

At present, there is less study on gate reas-
signment, especially in emergency cases; there-
fore, this aspect needs to be further re-
searched'?**). Based on the above research and
combining with the concept of disruption manage-
ment represented in Ref. [8], this paper proposes
a multi-objective programming model applied to
emergency situation. This model minimizes the
total time of flight delays, the total passengers’
walking distance and the number of flights reas-
signed to other gates different from the planned

ones. Finally, an example is given.

1 AIRPORT GATE REASSIGN-
MENT MODEL

According to the concept of disruption man-

agement, Ref. [8] put forward three goals of gate
reassignment.

(1) Maximum guarantee of carrying out
smoothly ground support activities

It is no doubt that emergency situation will
disrupt the normal order of the airport operation.
The basic objective of gate reassignment is to
make sure the airport ground activities are carried
out smoothly. And this objective is the premise
and foundation of other objectives.

(2) Making solutions of gate reassignment
optimal as far as possible

The planned assignment is the optimal solu-
tion for the current working day, but the emer-
gency situation will generally undermine its opti-
mality. The airport services must regard passen-
gers' satisfaction as its purpose, so it is necessary
to optimize the solutions of gate reassignment.

(3) Minimizing changes of original assign-
ment as far as possible

If the number of flights reassigned to other
gates different from the planned ones is too large,
it will increase the load on the staff, and even
make the operation of the airport chaos.

Based on the three above objectives, this pa-
per proposes several objectives of gate reassign-
ment when emergency cases occur. The primary
objectives are to ensure that arrival flights reach
the gate as soon as possible and to reduce flight
delays caused by the shortage of gate resources.
The secondary objectives are reducing passengers’
walking distance as far as possible, optimizing the
solution of gate reassignment, improving airport
service quality, and meanwhile, controlling the
adjustment of planned assignment. Therefore,
this paper takes the total time of flight delays
minimization, the passengers’ walking distance
minimization and the least change of planned as-
signment as objective function.

While solving the planned assignment prob-
lems that take the total time of flight delays mini-
mization and the passengers’ walking distance
minimization as objective function, each flight
should be calculated for its objective function val-

ue and the solving process is complicated. Ac-
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cording to the above discussion, in the planned
assignment, there are no flight delays caused by
capacity constraints, and passengers’ walking dis-
tance is the optimal solution. The flights in the
gate reassignment without making adjustments
are absolutely optimal solution because gate reas-
signment is based on planned assignment, so the
process of optimizing the gate reassignment
scheme is to work out the optimal solution of
flights which are adjusted and this process can be
guaranteed to minimize changes of planned as-

17 In emergency ca-

signment at the same time
ses,if a flight which occupies a gate is adjusted, it
may affect other flights which are assigned to this
same gate and even cause delays, but this will not
affect other flights which are assigned to other
gates. Thus, the total time minimization of flight
delays can be simplified to the shortest total delay
of flights which are assigned to the certain gates
with flight adjustments. By the same token, pas-
sengers’ walking distance minimization can be
simplified to the shortest walking distance of pas-
sengers whose flights are adjusted.

Suppose that emergency cases occur in the
period time of T and the airport needs to optimize
the order of the arrival flights which arrive at the
airport in the period time of T. The objective

functions (1) and (2) are shown as follows

Q Q r
minf, = > > [ 20 (Th — T awyu +
u=1w=1 k=1
]
DT — THxuyw) (DO
i=1

P Q Q P Q
minf, = >, > > (Dy Ni+ >3 > 1Dy Ny, +
i=1 u=1w=1

=1 u=1
DY NDxwyi (2)
where
1 Flight ¢ is assigned to gate u after
Ti = gate reassignment
0 Others
Jl Flight 7 is assigned to gate w in
Viw = planned assignment
10 Others
and P, Q respectively represent the total number

of flights and the total number of available gates
both in the period time of T, N?, N¢ the number

of arrival passengers and departure passengers of
flight 7, Nj; represents the number of passengers
transferring from flight ¢ to flight j, D} the dis-
tance of arrival passengers moving from gate u to
the baggage claim area, DY, the distance of depar-
ture passengers transferring from gate w to gate
u, D), the distance of transit passengers transfer-
ring from gate u to gate v, T the actual time of
flight 7 reaching the gate, T¢ the expected time of
flight i reaching the gate.

To simplify the model and improve its versa-
tility, this study does not consider such con-
straints as the matching between gate and aircraft
type, the special gate and the flight priority. In
other words, all the gates can be assigned to any
flights. This paper considers basic constraints as
follows.

(1) Each flight can only be assigned to one

gate, that is
Q

EIM =1

u=1

(2) Each gate can only be assigned to one

Vie P

flight, that is

P
Dlr <1 YueQ

f

(3) Capacity constraint: The actual time of

the flight reaching the gate is not earlier than its
expected time, that is

T VieP

2 ALGORITHMS

Such methods as evaluation function meth-
od, objective programming method and interac-
tive programming method are generally used to
solve the problems of multi-objective program-
ming. As the objectives of a multi-objective pro-
gramming model are hard to reach the optimal so-
lutions simultaneously, finding satisfactory solu-
tion that depends on the application background is
an effective way to solve problems of multi-objec-
tive programming.

As mentioned above, reducing flight delays
is primary task when emergency occurs, followed
by the consideration of the shortest passengers’

walking distance. Therefore, in the above multi-
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objective programming model proposed, the im-
portance of f| is greater than that of f,. This
study deems that it can decrease the solution
space of f, and the complexity of solving process
by setting f, a satisfactory solution threshold ac-
cording to airport requirements or empirical val-
ue, and then working out a satisfactory solution
set using simulated annealing algorithm. The
next step is to find the optimal solution of f, in
the satisfactory solution set and that is the defi-
nitely optimal solution of the model. The algo-
rithm is shown as followes.

(1) Initialization

Set that satisfactory solution threshold is f;,
satisfactory solution set is F', the initial value is
t,» and the iteration index ¢=0,¢,=%,. The selec-
tion of initial solution and the setting of initial
value are conducted by the following steps.

(D Generate free time quantum of all the a-
vailable gates. [By S, ](I=1,2,3,++)is the first
free time quantum of the gate u(u € Q).

@ Considering each flight in M (M is a col-
lection of all flights which are assigned to unavail-
able gates in planned assignment), calculate the
value of min{| T¢ — B, |}+.,i € M,u € Q.

® According to the result of step @, gener-
ate the initial scheme of gate reassignment.
Then, calculate the value of objective function
/1, take the result as initial solution, and note it
as so.

@ Considering each flight in M, calculate the
value of max={| T* — B, |},i € M, u € Q.

® According to the result of step @, gener-
ate the scheme of gate reassignment. Then, cal-
culate the value of objective function f, and note
it as s*.

® Obtain the initial value t,=1s" —s, |.

(2)Generation of new solution

While using natural number to code, one so-
lution represents one assignment scheme. For ex-
ample, [ 5,10, 10, -+ ] represents that flight 1
stops at gate 5, flight 2 stops at gate 10 and flight
3 stops at gate 10. Any position exchange of two
numbers can generate a new solution. Randomly

generate a neighborhood solution n € N (m)

(N(m) represents the neighborhood of m). If the
value of objective function f, is smaller than f,,
store the neighborhood solution into F and then
calculate the increment of the objective function
value Af, = f1(n) — f1(m) .

(3)Judgment and treatment of new solution

If Af,<<0, set m=n, and jump to step (4);
Afy

¢

otherwise generate £=U(0,1). If exp <* ) >
&, set m=n.

(4) Judgment of inner loop termination crite-
rion

If the thermal equilibrium is reached, name-
ly, the times of inner loops is bigger than g(z.) =
P(c+1) (P is the total number of all flights),
jump to step (5); otherwise jump to step (2).

(5) Judgment of outer loop termination crite-
rion

If lower ¢., the cooling function is t.., =

L

1+at(

tion remains the same after 100 consecutive itera-

(a=0.98), c=c+1. If the optimal solu-

tions, jump to step (6); otherwise jump to step
(2).

(6) Seeking optimal solution of objective
function f,

After a search of the above steps, the initial
solution space of the model is greatly reduced,
meanwhile, the satisfactory solution set F is ob-
tained. And F is the feasible solution space of the
objective function f,. In the process of seeking
the optimal solution of objective function f,, the
each value of f, should be calculated firstly, fol-
lowed by using exhaust algorithm to sort order

and look for the result.

3 NUMERICAL EXAMPLE

This study takes the operation of a domestic
airport in 11:00—14:00 as an example. Flight 13
delays for some reason and it will not take off un-
til 14:00. Gate 11 is unavailable caused by mal-
function before flight 31 arrives. There are 54 ar-
rival flights in 11:00—14:00 in total. And eight
flights that arrive before 11:00 will no longer be

adjusted. Airport requires that the average delay
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of arrival flights is no more than 2 min. It means
that the satisfactory solution threshold f, is 108
min. This study applies the proposed model to
optimize gate reassignment for arrival flights. Af-
ter the calculation of steps (1) —(5), the satisfac-
tory solution set F consisting of 68 groups of sat-

isfactory solution is obtained. And then, impor-

ting the relevant airport gate distance and the
number of related airline passengers, the optimal
solutions can be calculated by step(6) and the re-
sults are shown in Table 1. Because of the huge
amount of data, this paper only lists the calcula-
tion results, and the operating time in Table 1 in-

cludes the flight safety time interval.

Table 1 Results of gate reassignment

Flight .Gate number E;xpected Operating E;xpected Actual ti.me 'Gate number '
number 1r.1 planned as- tl.me of reac- time/min 'tlme of leav- of  reaching in gate reas- Delay/min
signment hmg gate Ing gate gate signment
1 1 1110 65 1215 1110 1 0
2 1 1230 30 1300 1230 1 0
3 1 1307 113 1500 1307 1 0
4 2 1021 44 1105 1021 2 0
5 2 1122 68 1230 1122 2 0
6 2 1302 63 1405 1302 2 0
7 3 1113 87 1240 1113 3 0
8 3 1257 30 1327 1257 3 0
9 1 1038 42 1120 1038 4 0
10 4 1150 60 1250 1150 4 0
11 4 1304 45 1349 1304 4 0
12 4 1355 65 1500 1355 4 0
13 5 1102 30 1132 1102 5 0
14 5 1140 50 1230 1146 13 6
15 5 1245 30 1315 1306 17 21
16 5 1330 60 1430 1330 7 0
17 6 1002 60 1102 1002 6 0
18 6 1133 72 1245 1133 6 0
19 6 1308 50 1358 1308 6 0
20 7 1110 45 1155 1110 7 0
21 7 1202 60 1302 1202 7 0
22 8 1128 52 1220 1128 8 0
23 8 1229 60 1329 1229 8 0
24 8 1340 60 1440 1340 8 0
25 9 1112 68 1220 1112 9 0
26 9 1237 54 1331 1237 9 0
27 9 1336 65 1441 1336 9 0
28 10 1119 41 1200 1119 10 0
29 10 1208 66 1314 1208 10 0
30 10 1334 55 1429 1334 10 0
31 11 1112 58 1210 1112 12 0
32 11 1233 60 1333 1236 13 3
33 11 1350 30 1420 1350 3 0
34 12 1011 57 1108 1011 12 0
35 12 1133 67 1240 1210 12 37
36 12 1310 33 1343 1317 12 7
37 12 1355 60 1455 1355 12 0
38 13 1106 90 1236 1106 13 0
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(Continuation)
Flight ‘Gate number E?xpected Operating Expected Actual ti‘me -Gate number -
number 1r‘1 planned as- tlme of reac- time/min .tlrne of leav- of  reaching lI:l gate reas- Delay/min
signment hing gate ing gate gate signment
39 13 1310 53 1403 1336 13 26
40 14 1126 42 1208 1126 14 0
41 14 1215 60 1315 1215 14 0
42 14 1325 60 1425 1325 14 0
43 15 1120 70 1230 1120 15 0
44 15 1237 73 1350 1237 15 0
45 15 1358 80 1518 1358 15 0
46 16 1118 44 1202 1118 16 0
47 16 1210 60 1310 1210 16 0
48 16 1312 35 1347 1312 16 0
49 16 1352 54 1446 1352 16 0
50 17 0900 191 1211 0900 17 0
51 17 1227 39 1306 1227 17 0
52 17 1347 60 1447 1347 17 0
53 18 0932 90 1102 0932 18 0
54 18 1121 63 1224 1121 18 0
55 18 1251 45 1336 1251 18 0
56 18 1359 80 1519 1359 18 0
57 19 1041 110 1231 1041 19 0
58 19 1237 120 1437 1237 19 0
59 20 1035 101 1216 1035 20 0
60 20 1221 40 1301 1221 20 0
61 20 1308 40 1348 1308 20 0
62 20 1352 110 1542 1352 20 0

The total flight delay is 100 min and the total
passengers’ walking distance is 49 265 m. This
study reassigns gates to six flights whose original
gates in planned assignment are unavailable now,
while not adjusting gates of other flights. The re-
sults show that the change of planned assignment
is least by using this model. At the same time.,
this model fully demonstrates the characteristics
of gate reassignment. And it is simple and can be
easily solved, in line with the requirements of dis-

ruption management,

4 CONCLUSION

In this paper, the problems of gate reassign-
ment in emergency cases are studied, and a multi-
objective programming model is established and
solved by using simulated annealing algorithm.
Considering the interests of passengers and the
airport, the model minimizes the total flight de-

lays, the total passengers’ walking distance and

the number of flights reassigned to other gates
different from the planned ones. While using sim-
ulated annealing algorithm to solve the model,
the initial solution and the initial value are select-
ed according to the characteristics of model, and
satisfactory solution threshold is set as well. All
of these reduce computational complexity and im-
prove efficiency. Simulation results prove the va-
lidity of the model, and the gate assignment solu-
tions obtained meet the requirements of disrup-
tion management.

The model proposed in this paper does not
consider the impact of cargo and does not fully re-
flect the randomness of flights. Such aspects as
modeling process and algorithm design can be im-
proved. Flight randomness is where the difficulty
of gate reassignment lies, and it mainly displays
in two aspects: It is difficult to draw its probabili-
ty distribution; it is difficult to carry out effective

prediction. Hence, the research on the random-
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ness law of flights is of great significance for gate
assignment problems. Under the circumstances
of unclear flight randomness, the process of plan-
ning how to improve the robustness of planned
assignment scheme and reduce the difficulty of re-
al-time assignment caused by flight randomness
needs to be studied in depth. How to adopt recov-
ery strategy as well as set up reasonable real-time
assignment model under the circumstances of per-

turbations of delayed flights is also the direction

of further research.
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