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1. Problem Statement

› Aircraft movements on the 
airport ground

– Landings

– Takeoffs

– Taxi to gates

– Taxi to runways
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DM AMTP

Arrival AircraftDepart Aircraft

DM: Departure Manager
AM: Arrival Manager

TP: Taxi Planning 



1.1. Arrival Problem
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Merge Point
Thershold

Landing RunwayGlide Path

Arrival Aircraft

Aircrafts to Gate

• Origin Runway

• Optimal Arrival Queue

• Star Landing Time

• Completion Landing Time



1.2. Departure problem

• Destination Runway

• Optimal Departure Queue

• Star Takeoff Time

• Completion Takeoff Time
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Takeoff Runway Takeoff Path

Departure Aircraft
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1.3. Taxi Planning Problem

› Inputs

– From AM DP

› Assigned landing o departure runway 

› Estimated landing o departure time

– Origin o destination gate

› Outputs

– Optimal sequence taxi

– Optimal start taxi Time

– Optimal Completion taxi Time
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2. Mathematical models
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AM

DM

TP Flow Network• Job Scheduling 

• Travel Salesman 



2.1. AM and DM models

› Job Scheduling 

– Machines≡Runways

– Jobs ≡Airplanes

› Minimize

Completion time 

› S.t.

– Process time

– Distance between jobs
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Machine 1
Queue Jobs

Optimized queue

Machine n

Model based on Guinet (1993) 𝑐𝑖 = 𝑝𝑟𝑖 + 𝑐𝑜𝑖𝑗𝑖 𝑗



Guinet’s Model (1/2)

𝑧 = σ𝑤𝑏=1
𝑛 𝑐𝑤𝑏 (1)

s.t.

σ𝑤𝑎≠𝑤𝑏σ𝑘 𝑥𝑤𝑎,𝑤𝑏,𝑘 = 1 (2)

σ𝑤𝑎≠𝑤𝑐σ𝑘 𝑥𝑤𝑎,𝑤𝑐,𝑘 − σ𝑤𝑏≠𝑤𝑐σ𝑘 𝑥𝑤𝑐,𝑤𝑏,𝑘 = 0 (3)

σ𝑤𝑏=1
𝑛 𝑥1,𝑤𝑏,𝑘 ≤ 1 (4)

𝑠𝑤𝑏 ≥ 𝑐𝑤𝑎 + σ𝑘 𝑥𝑤𝑎,𝑤𝑏,𝑘 − 1 ∗ 𝐵𝑖𝑔𝑀 (5)

𝑐𝑤𝑎 + 𝐵𝑖𝑔𝑀 ≥ 𝑠𝑤𝑎 + 𝑐𝑜𝑤𝑎,𝑤𝑏 + 𝑝𝑟𝑤𝑎 + 𝐵𝑖𝑔𝑀 ∗ σ𝑘 𝑥𝑤𝑎,𝑤𝑏,𝑘 − 1 (6)
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Guinet’s Model (1/2)

𝐶𝑚𝑎𝑥 ≥ 𝑐𝑤𝑏 (7)

𝑐𝑤0 = 0 (8)

𝑠𝑤0 = 0 (9)

σ𝑘𝑀𝑤𝑎,𝑘 ∗ σ𝑤𝑏=1
𝑏 𝑥𝑤𝑎,𝑤𝑏,𝑘 + 𝑥𝑤𝑏,𝑤𝑎,𝑘 = 2 (10)

𝑠𝑤𝑎 ≥ 0 (11)

𝐶𝑤𝑎 ≥ 0 (12)

𝐶𝑚𝑎𝑥 ≥ 0 (13)

𝑥 ∈ 0,1 (14)

28/11/2016

11



2.1. AM and DM models

› Travel Salesman Problem

– Cities≡Runways

– Stores ≡Airplanes

› Minimize

Idle time

› S.t.

– Process time

– Distance between jobs
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…

Model based on Bianco, Dell’Olmo, & Giordani (1997)
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Bianco’s Model (1/2)

𝑧 = minσ𝑝 𝑛 − 𝑝 + 1 ∗ σ𝑤𝑎σ𝑘 𝛿𝑤𝑏,𝑝,𝑘 (1)

s.t.

σ𝑤𝑏=1
𝑛 σ𝑘 𝑥𝑤𝑎,𝑤𝑏,𝑝,𝑘 − σ𝑤𝑎′=1

𝑛 σ𝑘 𝑥𝑤𝑎,𝑤𝑏,𝑝,𝑘 = 0 (2)

σ𝑤𝑏=1
𝑛 𝑥𝑤0,𝑤𝑏,1,𝑘 = 1 (3)

σ𝑤𝑎σ𝑘 𝑥𝑤𝑎,𝑤0,𝑛𝑝,𝑘 = 1 (4)

σ𝑝σ𝑘σ𝑤𝑎 𝑥𝑤𝑎,𝑤𝑏,𝑝,𝑘 = 1 (5)

σ𝑝σ𝑘σ𝑤𝑏=1
𝑛 𝑥𝑤𝑎,𝑤𝑏,𝑝,𝑘 = 1 (6)

σ𝑤𝑏=1
𝑛 σ𝑘σ𝑤𝑎 𝑥𝑤𝑎,𝑤𝑏,𝑝,𝑘 = 1 (7)
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Bianco’s Model (2/2)

𝑟 𝑤𝑎 ∗ σ𝑤𝑏=1
𝑛 𝑥𝑤𝑎,𝑤𝑏,1,𝑘 ≤ 𝛿𝑤𝑎,1,𝑘 (8)

𝑟𝑤𝑎 ∗ σ𝑤𝑏=1
𝑛 𝑥𝑤𝑎,𝑤𝑏,𝑝,𝑘 ≤ 𝛿𝑤𝑎,𝑝,𝑘 + σ

𝑝′=1
𝑝−1 σ𝑤𝑎′=1

𝑛 ቀ𝛿𝑤𝑎′,𝑝′,𝑘′ + σ𝑤𝑑=1
𝑛 ቀ൫𝑝𝑟𝑤𝑎′ +

28/11/2016

14



2.2. Taxi Planning Model (1/5)

› Flow network

– Nodes ≡Runway cross

› Minimize

Taxi time and delays

S.t.

– Runway directions

– Runways capacities 
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Model based on (Marín, 2013; Marín & Codina, 2007)



2.2. Taxi Planning Model (1/5)

𝐹_𝑇_ 𝑅𝑢𝑡𝑎

=෍

𝑤

෍

𝑡≥𝑡𝑖𝑚𝑒𝑤(𝑤)

𝜆𝑤 ෍

(𝑖,𝑗) ∈ 𝐴

𝑡𝑖𝑚𝑒𝑖,𝑗𝑋𝑖,𝑗,𝑡,𝑤 + ෍

𝑖 ∈𝐻𝑁

𝐸𝑖,𝑡,𝑤

+෍

𝑤

෍

𝑖∉𝐷𝑁(𝑤,𝑖)

𝑟𝑤,𝑖 ෍

𝑗

𝑋𝑖,𝑗,𝑡,𝑤 + 𝐸𝑖, 𝑡 ,𝑤

𝐹𝐶𝑇𝑂𝑇

=෍

𝑤

෍

𝑡≥𝑡𝑖𝑚𝑒𝑤 𝑤

𝛽𝑤,𝑡 ෍

𝑖,𝑗 ∈ 𝐴

𝑡𝑖𝑚𝑒𝑖,𝑗𝑋𝑖,𝑗,𝑡,𝑤 + ෍

𝑖 ∈𝐻𝑁

𝐸𝑖,𝑡,𝑤

+෍

𝑤

෍

𝑖∉𝐷𝑁 𝑤,𝑖

𝛾𝑤,𝑖 ෍

𝑗

𝑋𝑖,𝑗,𝑡,𝑤 + 𝐸𝑖, 𝑡 ,𝑤 ∀ 𝑤 ∈ 𝑤𝑑_𝑐𝑡𝑜𝑡
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2.2. Taxi Planning Model (2/5)

› Flow conservation constraints at general nodes

𝐸𝑖,𝑡−1,𝑤 +෍

𝑗∈𝐴

𝑋𝑗,𝑖,𝑡−𝑡𝑖𝑚𝑒 𝑗,𝑖 ,𝑤 = 𝐸𝑖,𝑡,𝑤 +෍

𝑗∈𝐴

𝑋𝑖,𝑗,𝑡,𝑤 ∀ 𝑡 > 𝑡𝑖𝑚𝑒𝑤 𝑤

𝐸𝑖,𝑡−1,𝑤 +෍

𝑗∈𝐴

𝑋𝑗,𝑖,𝑡−𝑡𝑖𝑚𝑒 𝑗,𝑖 ,𝑤 = 𝐸𝑖,𝑡,𝑤 +෍

𝑗∈𝐴

𝑋𝑖,𝑗,𝑡,𝑤 ∀ 𝑡 > 𝑡𝑖𝑚𝑒𝑤 𝑤

› Flow conservation constraints at origin nodes

𝐸𝑖,𝑡,𝑤 +෍

𝑗∈𝐴

𝑋𝑗,𝑖,𝑡,𝑤 = 1 ∀ 𝑖 ∈ 𝑂𝑁 𝑤, 𝑖 ∀ 𝑡 = 𝑡𝑖𝑚𝑒𝑤 𝑤
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2.2. Taxi Planning Model (3/5)

› 𝑓𝑙𝑜𝑤𝑐𝑎𝑝ℎ𝑤𝑎𝑖𝑡(𝑖, 𝑡): Flow capacity constraints at holding 
nodes

෍

𝑤

𝐸𝑖,𝑡,𝑤 ≤ 𝑐𝑎𝑝𝑛ℎ 𝐻𝑁 ∀ 𝑖 ∈ 𝐻𝑁

› 𝑓𝑙𝑜𝑤𝑐𝑎𝑝𝑒𝑤𝑎𝑖𝑡(𝑖, 𝑡): Flow capacity constraints at holding 
nodes

෍

𝑤

𝑒𝑛𝑣 𝑤 ∗ 𝐸𝑖,𝑡,𝑤 ≤ 𝑐𝑎𝑝𝑛𝑒 𝐻𝑁 ∀ 𝑖 ∈ 𝐻𝑁

› 𝑓𝑙𝑜𝑤𝑐𝑎𝑝𝑒𝑥𝑖𝑡(𝑖, 𝑡, 𝑤): Flow capacity constraints at ordinary 
and exit runway nodes

𝐸𝑖,𝑡,𝑤 = 0 ∀ 𝑡 ≤ 𝑇 ∀ 𝑖 ∈ 𝑁𝑊𝑁
28/11/2016
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2.2. Taxi Planning Model (4/5)

› 𝑓𝑙𝑜𝑤𝑐𝑎𝑝𝑝𝑎𝑟𝑘(𝑖, 𝑡): Flow capacity constraints at parking and 
access runway nodes

› σ𝑤 𝐸𝑖,𝑡,𝑤 ≤ 1 ∀ 𝑖 ∈ 𝑆𝐶𝑁

› 𝑚𝑎𝑥𝑛𝑢𝑚(𝑖, 𝑡): Maximum number of aircraft at certain 
nodes per period

› σ𝑤 𝐸𝑖,𝑡,𝑤 + σ𝑤σ𝑗∈𝐴𝑋𝑗,𝑖,𝑡−𝑡𝑖𝑚𝑒𝑝𝑙𝑢𝑠 𝑗,𝑆𝐶𝑁 ,𝑤 ≤ 1 ∀ 𝑖 ∈ 𝑆𝐶𝑁

› 𝑤𝑎𝑖𝑡(𝑡, 𝑤): Aircraft cannot wait at two nodes at the same 
time

› σ𝑖 𝐸𝑖,𝑡,𝑤 ≤ 1

28/11/2016
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2.2. Taxi Planning Model (5/5)

› Separation time between takeoffs 

෍

𝑖∈𝑁𝐶

෍

𝑤𝑑

෍

𝑖,𝑗 ∈ 𝐴

𝑋𝑖,𝑗,𝑡,𝑤 −෍

𝑤𝑑

෍

(𝑖,𝑗)∈𝐴

෍

𝑡∈ 𝑡,𝑡+𝛿 𝑤𝑑

𝑋𝑖,𝑗,𝑡,𝑤 ≤ 1

𝛿 𝑤𝑑 =෍

𝑤𝑑

𝑐𝑑𝑒𝑝 𝑤𝑑,𝑤𝑑′
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3. Computational Results
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AM Output to

• Origin Runway
• Optimal Arrival Queue
• Star Landing Time
• Completion Landing Time

DM Output to TP

• Destination Runway
• Optimal Departure Queue
• Star Takeoff Time
• Completion Takeoff Time

TP Output to DM

• Optimal sequence taxi
• Optimal start taxi Time
• Optimal Completion taxi 

Time

AM

DM

TPAGC

• Preferred Landing Time

• Preferred Takeoff Time



3. Computational Results
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Parking: P1a, P1b, P1c, P1d, P2a, P2b, P2c, P2d, P3a, P3b, P3c, P3d

Output Parking: ER1, ER2, ER3

Reguar: N1, N2, N3, N4

Wait: E1, E2

Runway Header: NC1

Output from Runway: S1

Fictitious: N3->N2, N2->N1

N4 E1

N1 N2 N3 S1

ER1

P2 landing

runway

NC1 P1 Take-off runway

E2

P1bP1a P1c P1d

ER2

P2bP2a P2c P2d

ER3

P3bP3a P3c P3d

J5



3. Computational Results
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Parking: P1a, P1b, P1c, P1d, P2a, P2b, P2c, P2d, P3a, P3b, P3c, P3d

Output Parking: ER1, ER2, ER3

Reguar: N1, N2, N3, N4

Wait: E1, E2

Runway Header: NC1, NC2

Output from Runway: S1, S1

Fictitious: N3->N2, N2->N1

N4 E1

N1 N2 N3 S4

ER1

Pista P2

Aterrizaje

NC2 Pista P2 despegue

E2

P1bP1a P1c P1d

ER2

P2bP2a P2c P2d

ER3

P3bP3a P3c P3d

NC1 Pista P1 despegue

S1 Pista P3 Aterrizaje

J0



3. Computational Results
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RW PLT OptQ sAM iAM cAM ON DN sTP tTP Itp tdr cTP

wa1 S1 20,16 8,00 20,16 0,00 22,16 S1 P1a 22,00 8,00 0,00 0,00 30,00

wa2 S2 20,16 7,00 20,16 0,00 21,66 S2 P1b 22,00 8,00 2,00 0,00 32,00

wa3 S1 28,80 9,00 28,80 0,00 30,80 S1 P1c 31,00 8,00 0,00 0,00 39,00

wa4 S1 11,52 3,00 11,52 0,00 13,52 S1 P2a 14,00 6,00 0,00 0,00 20,00

wa5 S1 11,52 5,00 11,52 0,00 13,52 S1 P2b 14,00 6,00 2,00 0,00 22,00

wa6 S2 5,76 2,00 5,76 0,00 7,26 S2 P2c 7,00 6,00 1,00 0,00 14,00

wa7 S1 5,76 1,00 5,76 0,00 7,26 S1 P3a 7,00 4,00 0,00 0,00 11,00

wa8 S1 17,28 6,00 17,28 0,00 19,28 S1 P3b 19,00 4,00 0,00 0,00 23,00

wa9 S2 14,40 4,00 14,40 0,00 15,90 S2 P3c 16,00 4,00 1,00 0,00 21,00

∑ 0,00 151,36 6,00 371,00

ON DN sTP tTP Itp tdr cTP RW OptQ sDM iDM cDM

wd1 P1a NC2 1,00 5,00 0,00 0,00 6,00 NC2 1,00 6,00 0,00 7,50

wd2 P1b NC1 12,00 5,00 0,00 0,00 17,00 NC1 6,00 17,00 0,00 19,00

wd3 P1c NC1 38,00 3,00 0,00 3,00 44,00 NC1 9,00 44,00 0,00 46,00

wd4 P2a NC1 17,00 4,00 0,00 0,00 21,00 NC1 7,00 21,00 0,00 23,00

wd5 P2b NC2 11,00 4,00 0,00 0,00 15,00 NC2 5,00 15,00 0,00 16,50

wd6 P2c NC1 25,00 4,00 0,00 0,00 29,00 NC1 8,00 29,00 0,00 30,50

wd7 P3a NC1 2,00 6,00 0,00 0,00 8,00 NC1 2,00 8,00 0,00 10,00

wd8 P3b NC2 3,00 6,00 0,00 0,00 9,00 NC2 3,00 9,00 0,00 10,50

wd9 P3c NC1 4,00 6,00 0,00 0,00 10,00 NC1 4,00 10,00 0,00 12,00

∑ 6,00 371,00 0,00 175,00



3. Computational Results

28/11/2016

26

J5 Guinet Bianco FCFS

wa1 3,00 3,00 3,00

wa2 5,02 5,02 5,02

wa3 0,00 0,00 1,00

wa4 0,25 0,00 0,00

wa5 0,00 0,00 0,00

wa6 0,00 0,22 0,22

wa7 0,22 0,00 0,00

wa8 0,00 0,12 0,12

wa9 0,00 1,14 1,14

wd1 1,53 0,00 0,00

wd2 0,00 2,00 2,50

wd3 0,00 0,00 0,00

wd4 0,53 0,00 0,00

wd5 1,31 0,16 0,16

wd6 0,00 0,00 0,38

wd7 0,00 2,39 2,89

wd8 0,00 0,00 0,00

wd9 0,05 0,05 0,55

∑i 11,91 14,10 16,98

J0 Guinet Bianco FCFS

wa1 2,67 0,00 0,00

wa2 0,00 2,00 2,00

wa3 0,00 0,00 7,00

wa4 4,25 0,00 3,53

wa5 0,00 2,00 0,00

wa6 0,00 1,00 0,00

wa7 1,00 0,00 2,83

wa8 2,02 0,00 0,00

wa9 0,00 1,00 0,00

wd1 0,00 0,00 0,00

wd2 0,00 0,00 0,00

wd3 0,00 0,00 0,00

wd4 0,53 0,00 0,00

wd5 0,00 0,00 0,00

wd6 0,00 0,00 0,00

wd7 0,00 0,00 0,00

wd8 0,71 0,00 0,00

wd9 1,53 0,00 0,00

∑i 12,71 6,00 15,36



Conclusions

› It is possible to connect the different airport modules with 
the purpose of improving decision making and operative 
control in the airport. 

› When the airport has a single runway it is better to focus 
on minimizing the completion time.

› While when the airport has more than two runways it is 
better to focus on minimizing the idle times.
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Future Development

› Integrated model

› Uncertainty data 

› Disturbances

› Dynamic solution in the time

› Look ahead periods
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