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1. Problem Statement

» Alrcraft movements on the
alrport ground

— Landings
— Takeoffs PN
— Taxi to gates % : - j> %
— Taxi to runways
Depart Aircraft T / Arrival Aircraft

DM: Departure Manager
AM: Arrival Manager
TP: Taxi Planning
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1.1. Arrival Problem

Aircrafts to Gate

i L]
Merge Point Thershold
Arrival Aircraft
(] A— >—ﬁ
Glide Path Landing Runway

Origin Runway

Optimal Arrival Queue

Star Landing Time

Completion Landing Time
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1.2. Departure problem

Aircrafts from Gate

L] .
Thershold Merge Point
b g e
Takeoff Runway Takeoff Path

Destination Runway

Optimal Departure Queue

Star Takeoff Time

Completion Takeoff Time
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1.3. Taxi Planning Problem

____________________________ » Inputs
1 =E Takeoff Runway i — From AM DP

_____________________________

» Assigned landing o departure runway
» Estimated landing o departure time

— Origin o destination gate

Xz
A
A

» Outputs
— Optimal sequence taxi

v Ei?fi&’;ﬁ — Optimal start taxi Time
’_m_‘ — Optimal Completion taxi Time
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2. Mathematical models

» Job Scheduling
 Travel Salesman

Flow Network
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2.1. AM and DM models

» Job Scheduling » Minimize
— Machines=Runways

_ Completion time
— Jobs =Airplanes

y S.t.

— Process time
— Distance between jobs

Optimized queue
Queue Jobs Machine 1

> >

Machine n

Model based on Guinet (1993)

i Ci = pri + Coyj j

28/11/2016




Guinet’s Model (1/2)

Z = Yawb=1Cwb (1)

S.L.

Qwazwb 2k Xwawbk = 1 2)

Yiwazwe 2k Xwawek ~ Lwbzwe 2k Xwewbk = 0 (3)
wh=1X1,wbk < 1 (4)

Swh = Cwa + (Zk Xwawbx — 1) * BigM (5)

Cwa + BigM = Swa + COwa,wb + PTwa + BigM * (Zk Xwawb,k — 1) (6)
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Guinet’s Model (1/2)

Cmax = c,,p (7)
Cwo = 0 (8)
Swo = 0 9)
Yk Mwak * Zwb=1Xwawbk + Xwbwak = 2 (10)
Swa = 0 (11)
Cwa =0 (12)
Cmax =0 (13)

x € {0,1} (14)
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2.1. AM and DM models

» Travel Salesman Problem » Minimize
— Cities=Runways
— Stores =Airplanes

|ldle time
y S.t.

— Process time
— Distance between jobs

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

Z = min Zp(n —p+ 1) * Zwa Zk 5Wb,p,k

S.1.
wh=1 2k Xwawb,p,k — Ywar=1 2k Xwawbpk = 0
whb=1Xwowb, 1,k = 1

Zwa Zk Xwawonpk = 1

Zp Zk Zwa Xwawb,p,k = 1

ZP z:k azb:lxwa,wb,p,k =1

7v1vb=1 Dk 2wa Xwa,wb,pk = 1
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Bianco’s Model (2/2)

T(Wa) * Z%b=1 xwa,wb,l,k < 5wa,1,k (8)

n p—1 vn n
Twa * Zwb=1 xwa,wb,p,k = 5wa,p,k + Zp'=1 wa'=1 (Swa/,p/,k/ + de=1 ((prwa/ +
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. 2.2. Taxi Planning Model (1/5)

» Flow network » Minimize
— Nodes =Runway cross

Taxi time and delays

S.t.

— Runway directions
— Runways capacities

Model based on (Marin, 2013; Marin & Codina, 2007)
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2.2. Taxi Planning Model (1/5)

F_T_Ruta

— z z AV ( Z timei,in,j,t,W + z Ei,t,W)
w t=timew(w) (i,j))EA [ EHN

+z Z (ZXLJtW+El|t|W>
w 1&€DN((w,i)

FCTOT

=z z ﬁw,t( z time; i X jcw + z Ei,t,w)
(i,j))EA

w t=timew(w) I EHN

-|-Z Z VWL<ZXLJtW+El|tIW>VW € wd_ctot

w i€DN(w,i)
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2.2. Taxi Planning Model (2/5)

» Flow conservation constraints at general nodes
Eit—1w+ Z Xiit—time(w = Eitw + z Xijtw Vit > timew(w)

JEA jeA
Eit—qw+ Z Xjit—time(w = Eitw + z Xijtw Vit > timew(w)
JEA jeA

» Flow conservation constraints at origin nodes

Ei,t,W + 2 Xj,i,t,w =1Vie ON(W, l) Vit= timQW(W)
JEA
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2.2. Taxi Planning Model (3/5)

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

2 Eiw < capnh(HN) Vi € HN
w

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

Z env(w) * E; ., < capne(HN) Vi € HN
w

» flowcapexit(i,t,w):. Flow capacity constraints at ordinary
and exit runway nodes
Eiew=0Vt<|T|Vi€NWN
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2.2. Taxi Planning Model (4/5)

» flowcappark (i, t). Flow capacity constraints at parking and
access runway nodes

> JwEitw <1V i €SCN

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

) Zw Ei,t,w + Zw ZjeA Xj,i,t—timeplus(j,SCN),w <1VieSCN

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

)2 EltW—
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2.2. Taxi Planning Model (5/5)

» Separation time between takeoffs

Z {z Z Kijtw = Z Z z Xi,j,t,w\

iENC \wd (i,j)eA wd (i,j)€A te[t,t+6(wd)] )

5(wd) = z cdep(wd, wd")

wd
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AM

3. Computational Results

AM Output to

Origin Runway

Optimal Arrival Queue
Star Landing Time
Completion Landing Time

TP Output to DM

*  Optimal sequence taxi

*  Optimal start taxi Time

*  Optimal Completion taxi
Time

DM Output to TP
Destination Runway
Optimal Departure Queue
Star Takeoff Time
Completion Takeoff Time
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3. Computational Results

J5 N4 » El ; » NC1 P1 Take-off runway i
A A R |
N1 e - HoON2 | — - N3 [ E2 4 =St |
A Y A ' i
P2 landing !
v A 4 i runway i
ER1 ER3 L i
A
ER2
Pla P1lb Plc P1d P3a P3b P3c P3d
P2a P2b P2c P2d
Parking: Pla, P1b, Plc, P1d, P2a, P2b, P2c, P2d, P3a, P3b, P3c, P3d
Output Parking: ER1, ER2, ER3
Reguar: N1, N2, N3, N4
Wait: El, E2
Runway Header: NC1
Output from Runway: S1
Fictitious: N3->N2, N2->N1
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3. Computational Results

JO : NC1 Pista P1 despegue i
N4 > El <‘EII_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_‘_‘_‘_‘_‘_‘j
Y A ' '
: NC2 Pista P2 despegue i
i s1 Pista P3 Aterrizaje i
A ,’“““““‘I
NI - »oOoN2 | —a-— N3 [« E2 | H s4 |
A A A | :
| PistaP2 |
v v | Aterrizaje |
ER1 ER3 i i
\ 4 | '
ER? . |
Pla Plb Plc P1d P3a P3b P3c P3d
P2a P2b P2c P2d
Parking: Pla, P1b, Plc, P1d, P2a, P2b, P2c, P2d, P3a, P3b, P3c, P3d
Output Parking: ER1, ER2, ER3
Reguar: N1, N2, N3, N4
Wait: El, E2
Runway Header: NC1, NC2
Output from Runway: S1,S81
Fictitious: N3->N2, N2->N1
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3. Computational Results

RW PLT optQ sAM iAM cAM ON DN sTP tTP Itp tdr TP
wal 51 20,16 8,00 20,16 0,00 22,16(51 Pla 22,00 8,00 0,00 0,00 30,00
wa2 52 20,16 7,00 20,16 0,00 21,66(S2 P1b 22,00 8,00 2,00 0,00 32,00
wa3 51 28,80 9,00 28,80 0,00 30,80(S1 Pic 31,00 8,00 0,00 0,00 39,00
wad 51 11,52 3,00 11,52 0,00 13,52[s1 P2a 14,00 6,00 0,00 0,00 20,00
wa5 51 11,52 5,00 11,52 0,00 13,52[s1 P2b 14,00 6,00 2,00 0,00 22,00
wab 52 5,76 2,00 5,76 0,00 7,26/52 P2c 7,00 6,00 1,00 0,00 14,00
wa7 51 5,76 1,00 5,76 0,00 7,2651 P3a 7,00 4,00 0,00 0,00 11,00
was 51 17,28 6,00 17,28 0,00 19,28[s1 P3b 19,00 4,00 0,00 0,00 23,00
wa9 52 14,40 4,00 14,40 0,00 15,90(S2 P3c 16,00 4,00 1,00 0,00 21,00
3 0,00 151,36 6,00 371,00
ON DN STP tTP Itp tdr TP RW optQ sDM iDM cDM
wd1 Pla 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 Pic 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
3 6,00 371,00 0,00 175,00
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3. Computatlonal Results

28/11/2016

Guinet Bianco FCFS Guinet Bianco FCFES

wal 2,67 0,00 0,00 wal 3,00 3,00 3,00
wa?2 0,00 2,00 2,00 wa?2 5,02 5,02 5,02
wa3 0,00 0,00 7,00 wa3 0,00 0,00 1,00
wa4 4,25 0,00 3,53 wad 0,25 0,00 0,00
wab 0,00 2,00 0,00 wab 0,00 0,00 0,00
wab 0,00 1,00 0,00 wab 0,00 0,22 0,22
wa7 1,00 0,00 2,83 wa’? 0,22 0,00 0,00
wa8 2,02 0,00 0,00 wa8 0,00 0,12 0,12
wa9 0,00 1,00 0,00 wa9 0,00 1,14 1,14
wd1 0,00 0,00 0,00 wd1l 1,53 0,00 0,00
wd2 0,00 0,00 0,00 wd?2 0,00 2,00 2,50
wd3 0,00 0,00 0,00 wd3 0,00 0,00 0,00
wd4 0,53 0,00 0,00 wd4 0,53 0,00 0,00
wd5 0,00 0,00 0,00 wd5 1,31 0,16 0,16
wd6 0,00 0,00 0,00 wd6 0,00 0,00 0,38
wd7 0,00 0,00 0,00 wd7 0,00 2,39 2,89
wd8 0,71 0,00 0,00 wd8 0,00 0,00 0,00
wd9 1,53 0 0,00 wd9 /0..% 0,05 0,55

5 12,71 6,00) 15,36 (11,91} 14,20[ 16,98

N—r N—?




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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