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Real-time Motion Simulation of Moving Targets in Civil Aviation Airport

SONG Yun-Xue, ZHANG Ying
(College of Aeronautical Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: A data association model and a mathematical motion simulation model are built for the real-time motion
process of ground moving targets in ground support of airports. The simulation program is improved on the basis of the
GIS geographic data, graphics device interface (GDI+), multithreading technology, and concurrent synchronization
mechanisms. In the simulation process, the improved A* algorithm is used to determine the best driving path of moving
targets at airports, and the moving states of the targets are monitored in real time using data visualization technology.
Finally, the repetition method is employed to carry out multiple tests for statistical analysisl"of the simulations. The
simulation model has been applied to many fields, such as the deduction of the gréund support process of airports, airport
emergency plan verification, and flight transportation decision-makiﬁg. It is of great significance to improve the ability of
airports to support flight transit. |
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{7 EHE B, A SO T AR IS 3 H ARG 20 R, 454
U ook B9 T % i B2 AR 22 A HL . 2 ke
VI B AT S0, T2 T T L % U PR B 20
VB35 BEL S, 15 R 5 A A AR [ i
SRR %A, VA ST 5 T IR FER O B L JiE
R e e BELE R P R 0 ELAR R AR b
BB T 07 EUME B, JFURAE T M NE A B AR R %
4ett.

H BN (R AT 55 10 % 47 2 R B
5, BRI LAY F BRI 2 A5 AR5 7 2
R IEH 81T, Wit a2 SimulateTimerTask S2IL %

AAFHLI B [ B 52 B2 AT 55 %3

EEAFEUTREE MR S

-

%5  SimulateTimerTask Fe 8 I 1 A

&P/ T i . Thpe 41
Class SimulateTimer() Timerd} 3, L4 SLFRH] 4 k6 4L,
DestroyTimer() 4% simulate Timer
RunTimer() F AT simulate Timer
ModelnfoCalculate() W¥%iz sh B A7z 3015 5 58 R 4L

AddModelTask(ModelName) i 3E 5 8] W 7R INAE 55 1B #8%
RemoveModelTask(ModelName) Model{s 1EIZZ R AT 55 11 25

N T AEB AR BR A RIHLI732 3 B b 1) 5E R
1 55 ) DR UE B A2 1 22 4 0] L, 72 28 P4 00 ok 7 L B
P B i) SimulateTimer, [F]—> Model 1] %€ I L4575
sy 23800 Simulate Timer F99E A CEL, A2 FIR
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SR A T I 2 R 51, RIS AN RS B I 55
bR b A L BL R ORAIE 2R AR 22 42, IRINALIZ i 3 B is
SEAE 55 8 DA RS Uk

readonly object dicLock;

Dictionary<Modelname, SimulateTimer> timerDic;
AddModelTask(ModelName) {

lock (dicLock)

{

if (timerDic != null)

isCreateTimer = true;

if (timerDic.ContainsKey(ModelName))

{ \- ’
SimulateTimer tarj‘irﬂer = timerDic[ModelName];
tarTimer.callGoun%H-;.

isCrezli‘téeTimer = false;

}

if (isCreateTimer)

{

timerDic.Remove(ModelName);

newTimer = new SimulateTimer(ModelName);
newTimer.timerCallBack += Timercallback;
newTimer.callCount = 1;

timerDic.Add( newTimer);
newTimer.RunTimer();

}

}

S P B3I SRR It 2 0 50 S A
FELIFTR, [ 11 5 10 SOlbEiR 4 R L, 31
FUS R 09 R B B AT MOk T B B B HU
SR b L TP AR R AL AT (25
ftgTE.

Tooltype Now_X Now_Y  Now_Time

Tools 1785 1322 2021-12-09 05:47:32.000
Tools 1779 1327 2021-12-09 05:47:36.000
Tools 1774 1331 2021-12-09 05:47:40.000
Tools 1769 1336 2021-12-09 05:47:44.000
Tools 1764 1341 2021-12-09 05:47:48.000
Tools 1759 1345 2021-12-09 05:47:52.000

K11 St e F AR SR )R

X7 FL REREAT AR SCEL, ML £ R I 8] B
RIEZESAT ISR HUBATE R . A A2 ) 5
S 4RO ORI E 12, B 13 BioR, SR 7 (A
HAC 3% 2 AT BRI (AR AL, S 7 R R s N
ZI L H bR et iz 2R
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AR IE 25: 2021/12/9 6:14:48
A [ 2021/12/9 5:00:00 4
ZEI [F): 2021/12/11 5:00:00

@RI QB A 2 25 @ Wi I B A f B84

K12 Hlzizsh B brseit iz s Fod fE R

TR

==

I 3 40

15 TR SRR A 2021/12/9 7:33:52
) L 2021/12/9 5:00:00 1L
— LB 2021/12/11 $00:00 "I
T 2R 40 @HROR N A EE R 2% © Wi/ 1k By HE SRR IER S 50 TR AR B3 SRR IR iR

K13 Hlizizash B brseit iz s i SOl e R

5 PiERA R
A SO R EE NS AL 1 R SR BT 4475
Pi AR5, Hliziash B bs sk R e AT #2 A0 TR NT
(K9, SR FHAR A B R0 40 26 AF AU RV ) H AR I8 3h 800 &
SRR BEAT N T B, BRI FOS AT A5 R X R AN IE
S AT HIBENLAR &, FENLAZ X A EO:

a™)
1 N
EX)=— X +Tn_ S2(N)/N 13
(X) NZ] N-1a/2 S 2(N)/ (13)
—_
,\':F‘, \ N *
A

N

WEDY

1 N
P
i=1 i=1

AR I8 77 58, AR [ R L 37 S Bt i
TR R s 7 OB, B 2 Uil DA TR 2
I 161 [6] o AT () 6 A0 2 0 R AT O ORRADL. WM 7 LA
IR E X2 ENARS, X Eidigghd R E R i
ATRE PP HE I RAE 50-80 K, Dyt G Ak Uik B8 5 Hz AT
RS 45 R R R, R T R T R s AT
JEGE— BN 100 ms/ G 10 3R A 7] 1 B 23 AAS ]

2
/(N=1) (14)

i BB KNS BN AAR AR KA IBATI A
FRE A FR AR, 45630 (13) MK (14), W HR %
B3 O AN B AR AT 0 BT T B, AR 0 SR A
TR RA g B, Wl 14, B 1S fos, Bl
18y 9-17. 1824 LK 5 A M2 B A 5 AL
FL M 2R BN 164 17 18 2, i HL45 Ryt
TR

i AR SCHF 72 47 BB R Gt AT Bk 56, o
14 9% IR B R R 16-18 IO L B A
1ﬁﬁﬁ&'f%%fﬁ@i%%&ﬁ%-§t R L S0 A5
B A P, 45 AR 7SR 1714 s S5 IV B PO B 22 Ml 4
?EIJE\O.SO% DA e o P 2 B 0, 47 AR 22 E
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FLENEE Y A FOP K BEAE 4-10 s VB A A X RE
AT R4 1 3 i 0 SR L B A 1R 22 5 AR BB L Y,
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16 N i S
14 + o
212} 0.4 z\:
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! =
02 @
AW LK
| | o
A "H N oL =
0 nﬂ | 0
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30 16
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