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Construction and Visualization of Spatiotemporal Graphs of
Surface Movement Resources in Airport Flight Area
CHANG Xin, CHEN Xiang-qing, YANG Wei-ping

(College of Transportation Science and Engineering, Civil Aviation University of China, Tianjin 300300, China)

[ Abstract] Under the condition of airport autonomous operation, perception of the operational environment is a crucial factor con-
straining the realization of autonomous airport operations. In the process of airport surface traffic operation, understanding the utilization
of surface movement resources is a key step in establishing a comprehensive operational environment. The surface movement process at
airports is first focused on in this study, and an ontology model for airport surface movement processes is constructed. Based on the
structural layout of the airport surface road network , the movement paths were divided, and a "node-edge" model based on the connec-
tion between network nodes was established. Meanwhile, building upon the ontology model, dynamic and static attributes of the surface
road network were defined as the basic properties of network nodes. With network nodes as the research object, various conflict scenarios
existing in aircraft surface movement processes were modeled based on the dynamic attributes of network nodes, thus achieving a dynamic
representation of aircraft movement processes at network nodes. Using speed data generated by aircraft dynamics models as a basis, a vi-
sualization representation of dynamic graphs of surface movement resource utilization in the presence of aircraft conflict scenarios was de-
signed. Experimental results demonstrate that the model effectively represents both conflict and conflict-free scenarios in surface opera-
tions. This enhances the overall perception of surface movement resource utilization among participants in airport surface traffic.

[ Keywords] intelligent transportation system; modeling of operational environments; construction of dynamic graphs; surface con-

flicts; ontological modeling
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Fig. 1  Ontology model of ground traffic operation process
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Fig. 8 Intersection conflict schematic
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Fig. 9 Schematic diagram of conflict area taxiing process
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Fig. 11 Overall process of dynamic taxiing resource
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Table 2 Pseudocode for parameter calculation process

ik

A :L,1,D,wl,w2, mass, engine_thrust, drag_coefficient, frontal _
area, nl, n2, n3, 4, Ds, M
i Xi(t) ,Lo,Lr,Ls,o0l ,02
1 WIS H
2. ) )RR R
3. v(t) = caculate_v(mass, engine_thrust, drag_coefficient,
frontal _area)
43 Xi()
5:Xi(t) = caculate_Xi(t) (v(t),l,L,D)
T8 Lo, Lr,Ls
Lo = caculate_Lo(Xi(t),l,L,D)
Lr = caculate_Lr(t) (Xi(t),l,L,D)
Ls = caculate_Ls(t) (Xi(t),l,L,D)
6 : X 3k 538 e rh 5
7. Compare(nl,n2)
8. while nl =n2 or nl +n2 =0 do
if n1 =n2 then
D1 = caculate_D1( Lol ,Lrl)
D2 = caculate_D2 (Lo2,112)
AD =DI1 -D2
D_Compare( AD, Ds)
If AD < Ds then
BENRUIEN
End
Else nl +n2 =0
D1 = caculate_D1 (L, Lol ,Lrl)
D2 = caculate_D2 (L,Lo2,1L12)
AD =D1 -D2
D_Compare( AD, Ds)
If AD < Ds then
MIPSUIEN
End
End while
9 . 38 X5 A iy
10: Compare(nl, n2, n3, n4)
if nl +n2! =0 orn2 +n3! =0 orn3 +n4! =0 or n4 + nl!
=0
AL1(t) = caculate_ALI (L,1,D,wl ,w2,M,Xi(t))
AL2(t) = caculate_AI2(L,1,D,wl w2 ,M,Xi(t))
ol (t) =caculate_ol (L,1,D,wl,w2,M,Xi(t))
02(t) =caculate_o2 (L,1,D,wl,w2,M,Xi(t))
o(t) = (ALI(t) = AL2(t))/w2%2
if o(t) >0 then
PS T
end if
end if
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Fig. 13 Dynamic taxiing resource network based on gephi
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