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An Optimal Simulation Model of Aircraft Dynamic
Pushback Control Strategies
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(School of Transportation Science and Engineering, Harbin Institute of Technology., Harbin, 150090, China)

Abstract: The disorder of departure operation in airports leads to long taxi-out waiting time and waste of
fuel burn. In order to reduce the fuel burn cost and pollution, two general forms of aircraft departure
dynamic pushback control strateies, step function (SPC) and nonlinear function (NPC), are proposed.
These strategies manage to control the aircraft pushback rate with not only the taxiway queue length
threshold but also the change of the current taxiway queue length, so that the waiting time on taxiway
with engine is transferred into gate-hold time. The pushback control model based on gate-hold penalty is
built to reduce of departure operation cost. The strategy is analyzed. A Monte Carlo simulation algo-
rithm based on gridding parameter optimization is designed with the precondition of on-time departure.
Departure performance data of Beijing International Airport is used to simulate the departure pushback
process and its results of each dynamic strategy are compared with that of static N-control strategy. The
results show that reasonable choice of the parameters and taxiway queue length threshold could benefit
the efficiency of pushback control strategies and the proposed NPC strategy can curtail the average taxi-
out time, and reduce departure operation cost and fuel burn by 45.52% and 54. 23%, respectively. Al-
though the cost reduction of SPC is higher than that of NPC, the convenient mode of operation can pro-
vide decision support for managers of airports.
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Tab.1 Pushback requests from 7 : 00 am to 7:30 am
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1 7:00 9 7:15 17 7.27

2 7:03 10 7:16 18 7:27

3 7:04 11 7:18 19 7:28

4 7.07 12 7:20 20 7:29

5 7:08 13 7:21 21 7:29

6 7:10 14 7.23 22 7:29

7 7:11 15 7.25

8 7:13 16 726
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Tab. 2 Simulation results of two pushback strategies on each

gate-hold time threshold

i G/ .
N~ Cr/JC W/min G/min
5 W min
15 21 616 635.1 10.13 3.57
20 18 567 257.5 9.62 4.09
SPC 25 15 509 470.6 8. 15 5.58
30 14 499 725.3 7.78 5.95
35 14 499 725.3 7.78 5.95
15 24 552 306.9 8.94 5.22
20 18 533 504.7 8. 80 5.78
NPC 25 30 456 943.7 6.99 7.16
30 23 446 168. 4 6.28 7.87
35 23 446 168. 4 6.28 7.87




780 [

LIPS S

5% 50 %

ML 25 o B[] B0 (L 199 385 KT 9/« B3 G (6 R
30 min B3k 2] Fe L 4K S350 G {E 6 38 3 AR
WAL . 764 30 min B, 75 3] 2 F 5 0 1Y
AL 53000

A n <4
k%k4<n<8

lo. 24 8<n<14

0 n > 14

NPC:Xg{AP<QilN>} n <1

0 n—=>11
PITP SR 1) 25 2 B0 52 LUG 7 B0 3 &% T 47
TE B BE T A S LA i 3 s
147

SPC: /1/2 -

—&—DPC
12F —=—SPC
—4—NPC
IR
‘S 10r
<
8
®
6 L
4

5 lb 1‘5 2‘0 2‘5 3I0
WA K B
PS5 it R M A B Nl 2

Fig. 3 Effect of total cost of each pushback strategy on

N values

Bl 3 [R5 T DPC 3 1 BLAS A2 1k il 42
A K BB AN S T AR i RAE B 3 IRk B
it AT LA H . DPC g SPC 3R i Fil NPC 5K
W XA o P10 J AR B X B 0 NO(E 4 1l 13,14 A
23, Mo SPC 5 1) 5 i BUAS R 47 F DPC 3 s
1M NPC 5 W (1 Je B 4 ) B & £ F DPC 5wk .
Pl 4 il iR T 404 N-control 5 mg 55 4 B 5 s 76 it
THIE T W BRI 26

--------------- DPC i

= 08 ———-SPCHfL i

o) NPCHA |

2 06 [ N-control :

o4 SSw EEE |

N L

0.09 5 10 15
TBATIE AT HE B B

Kl 4 N-control,DPC 5%, SPC %5 % Fl NPC 5% i iy 2%
Fig. 4 Curves of N-control, DPC, SPC and NPC strat-

egies

P A R 3 HE M s il R 0 7 A A 8 g o X
6118 Ny I 1 R ) 1 B ST TR e
SPC FlI NPC fzfJt #h £k 43 51| j& SPC 3 g F1 NPC 3

- 11%) 5 55 428 1l X 43 i 4% (LA N-control # il 5 W& &
Fic 5 0 P A SR o 2 R )l 2k B 5 4R ] X 1)
SRR T DX B I B U A I8 W T R 24 it B
2 E RS 1 73 2 CROIE S 0D I 85 1 UAS T 1R i
T G T (s ) R R G - S0 ML B T AR i T
) o

KB 5 #iARTHE 7.00 am & 7:30 am Bt
DPC %% , SPC 5 BE A1 NPC 5 B B 19 45 fiii 98 455 HL
A7 S8 A o [ia] R T8F A7 E HE A B () 2405

25
—»—DPC
20+ —=—SPC
——NPC_
=15} —Q—E\H’J'IETJ //e//
|
= 10 W L
= MR,
e, e L
0 : et |, T % SERrI ]
123456 78910111213141516171819202122
KHFFI

K5 B DPC,SPC il NPC 0 T H 5L
A7 55 i 6] 8] 55 98 47 1 45 B I 1R) 43 i
Time assignment of gate-hold and sojourn on

taxiway for DPC, SPC and NPC strategies at

Fig. 5

departure peak hours

HT T4 SR 42 A A 2 T A Y I () 43 L i A
3 Tl FHE 4 ) SR A R A9 25 00 BE T AT B
RASA . BT S S Ta] 2k 45 LA S5 155 i 18]
T AT TE A5 B N ) 22 T 2% SR i 2 AT A A AILAL A
o5 B[] SR s iy £ LA b 28 R () il 2R 2 (8] R T A T3
SR A, AN AL 6. 7E 710 HEAT Il AL
L TE 3 FhAE SR W AR T A AL S5 R I ) A
WATEE R E 458 1 min 1 9. 2 min, 2 min
1 8.2 min,3 min 1 7. 2 min, A LIF L ,DPC K
W . SPC g Fl NPC 5 g Xof 452 LAz 55 15 428 1 8OR
T I 5L of RN PR T AT TSR R I ) U 2 o i 02
DAIA 31 AR B e A I RO
3.2 $EHIREEXTLE

SRy T U b W5 2 OGS SR ) S e R
FAAR TR 9 L3738 47 8080 » 2o ) %k e # 4  DPCL SPC
FI NPC SEms #4707 5. 0 L2 5036 3 R .

x3 BEHEMERAESERILL

Tab.3 Comparison of optimal simulation results for each

pushback control strategy

BEHEm Cr/Jt Vi/kg G/min W/min Ry/kg

Tl 819 008.3 — 122 165.5  — 13.70 —

DPC 512533.0 13 68 555.2 6.01 7.69 536 84.8
SPC 499 725.3 14 61 524.0 7.25 6.90 60 716.0

NPC 446 168.4 23 55992.8 7.87 6.28 66 247.2
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