A New Paradigm to Model Aircraft Operations at Airports:
The Virginia Tech Airport SIMulation Model (VTASIM)

September 8, 2000.

Prepared by

Hojong Baik
Antonio A. Trani



Agenda

1. Background and Purpose of the Model
2. VTASIM is Hybrid-type of Simulation Model
3. Components of VTASIM

 Entities and State Variables

 State Diagrams: represent time dependent behavior of each entity
» Algorithms: define detailed sequences of actions

» Data structures

» Flowcharts

4. Output of VTASIM

5. Findings and Further Research



Introductory Remarks

 Existing microscopic simulation models for airport studies:

- SIMMOD, TAAM: Deal with aircraft both in the airfield and the airspace.
- HERMES, The Airport Machine: Mainly for airfield analysis
- RAMS: Mainly for airspace analysis

» We provide a new microscopic, hybrid type of simulation model called VTASIM

- Capable of describing communication process between flights and
controllers.

- Simulates aircraft operations on the airfield area including gates, taxiways, and
runways.
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VTASIM is a Hybrid Simulation Model

» Discrete-events simulation model

- represents a system by changing the system status at the moments when an event
occurs.

- has benefit from a computational perspective.
» A discrete-time simulation model

- represents a system checking and changing the system status at every step dt.

- is able to describe behaviors of entities in great detail.
eamples. runway exiting process, vehicle following behavior, etc.

o VTASIM: Hybrid-type of simulation model.

- Communication: represented by discrete-event modeling principles.
- Movement: represented by discrete-time simulation principles.
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Components of VTASIM

Entities and State Variables

State Diagrams: represent time dependent behavior of each entity
Algorithms: define detailed sequences of actions

Data structures

Flowcharts
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Entities and State VVariables

» Entities in VTASIM are
1) two types of controllers (i.e., local and ground controllers),
2) two types of flights (i.e., departing and arriving flights), and

3) facilities including gates, taxiways, runways, etc.

 State Variables for each entity include
1) for controllers: controlling state, next communication time,
2) for flights: communication state, next communication time, movement state, next
movement time, speed, acceleration, position, etc.,

3) for gates, taxiways, runways: current flight(s).
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State Diagram: Arriving Aircraft Movement
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State Diagram: Communication (\Voice Channel)
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State Diagram: Communication (Data Link)
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State Diagram: Controller’s Flight Strips
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State Diagram: Communication (Controller point of view)
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Algorithm: Taxiing Route Plan

» Considers time-dependent network n=1
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Algorithm: Taxiing Route Plan
O O

Figure 1: Example of QTDNA.

Table 1: Time-dependent Vehicle Flow

Links
Ti me I—Ol I—10 I—03 I—30 I—12 I—21 I—34 I—43 I—24 I—42 I—2D I—D2 L4D LD4
slices
1 Vi - - - - - - - - - - - - -
2 - - - - Vi - - - - - - - - -
3 - - - - - - - - - - Vi - - -
Table 2. Time-dependent Link Travel Times
Links
Time Loz Lio Los Lso Li> L2 Las Lss Los Ls Lop Lp2 Lo Y
slices
1 t011 0 - - - - - - - - - - - R
2 - - - - t122 00 - - - - - - - _
3 - - - - - - - - - - t2D3 0 - -
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Algorithm: Taxiing Route Plan
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(b) Time-dependent assigned path.
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Algorithm: Aircraft Following Model

Step 1: Decide the desired speed for the following aircraft.

H .
Vi =V (L=
t

Where, Vit ; following aircraft’s desired speed at t+At,

vs . free flow speed,

H; : headway at jam density,

H; : headway between the leading vehicle and the following vehicle at

time t.

Step 2: Decide the following aircraft’s acceleration.

t+At _ d - t+At t+At _
Apyy = (Vt+1 _Vt)/At, if apy > a'max'[hen Ans1 ~ Aax,

. t+At +At _
if an+1 < aminthen an+1 - amin-
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Algorithm: Non-uniform Acceleration Model
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Algorithm: Conflict Detection and Resolution Model
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Algorithm: Others

» Aircraft sequencing optimizer for runway operations:

- using the expected arrival and departure times and generate efficient sequence in
runway operations

- employs heuristic methods.

» Aircraft behavior models on Runways:

- four phases to characterize the landing procedure: flare, free-rolling, braking, and
coasting phases.

- two phases to characterize the takeoff procedure: rolling and lift-off.

Virginia Tech Airport Simulation Model (VTASM)- 16



Algorithm: Four phases in landing procedure
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Data Structures

 Data structures play an important role in designing an efficient computer code.

* In VTASIM, two types of data structures are used: lists and queue.

Data structure type Data
_ Array-based list Node, Link
LSt Linked list Flight schedule, Taxiing path
Array of linked list Airport Network
FIFO queue Aircraft on the link
e ?)%rjf)?e?:r?gs d %rueue Shortest path algorithms
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Initialization

M odel Flowchart

/lgenerate network grap, controller, flights

.

‘ sysTime =0 ‘

*

A
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v

‘ call checkNeedToCommunicate ‘

needToComm == True &&

sTime == nextCommEventTime 2 Inner Loop
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v
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!

‘ Movement ‘
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No «
v
Does LC need t0 Yes
ontact any flight?2
NoO «

sysTime == simDuration?
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Example of VTASIM Output: Log File

Current
Acceleration

Total Traveled
Distance

Current
Speed

Current
Move. State

Current Current
Comm. State Permission

Time
(seconds)

Current
Position

320. 000

DEP_1 (4.27860, 7.23847) r eady ToConmmuni cat e cl ear ToTakeOf f rolling 228.557 5.65931 2006 -> 2005 347.582 322.875 8907.85
DEP_2 (3.44770, 3.71363) ready ToConmuni cat e cl ear ToTaxi taxii ngToDepQue 27.3409 0.000000 1031 -> 2018 782.058 727.237 3832.22
DEP_3 (3.65123, 6.51975) ready ToComuni cat e cl ear ToTaxi taxii ngToDepQue 27.3409 0.000000 1011 -> 1014 185.988 107.714 608.929
DEP_4 (3.24660, 6.64350) waitControllerContact waitThere par ki ng 0. 000000 0. 000000 0->0 0 0.000000 0.000000
DEP_5 (3.47540, 6.59730) waitControllerContact waitThere par ki ng 0. 000000 0. 000000 0->0 0 0.000000 0.000000
DEP_6 (3.47540, 6.59730) waitControllerContact waitThere par ki ng 0. 000000 0. 000000 0->0 0 0.000000 0.000000
DEP_7 (3.47540, 6.59730) waitControllerContact waitThere par ki ng 0. 000000 0. 000000 0->0 0 0.000000 0.000000
DEP_8 (3.47540, 6.59730) readyToConmuni cate fil eApproved par ki ng 0. 000000 0. 000000 0->0 0 0.000000 0.000000
DEP_9 (3.47540, 6.59730) readyToConmuni cate fil eApproved par ki ng 0. 000000 0.000000 0->0 0 0.000000 0.000000
DEP_10 (3.33330, 6.32750) readyToConmuni cate fil eApproved par ki ng 0. 000000 0. 000000 0->0 0 0.000000 0.000000
ARR_ 1 (2.80910, 5.01500) readyToCommuni cate cl ear ToTaxi par ki ng 0. 000000 0.000000 0->0 0 0.000000 O0.000000
ARR 2 (2.98857, 4.53792) r eady ToCommuni cat e cl ear ToTaxi t axi i ngToGat e 27.3409 0.000000 1029 -> 1028 233.737 4.76052 6039. 35
ARR 3 (4.13276, 8.73577) r eady ToCommuni cat e cl ear ToTaxi t axi i ngToGat e 16. 3510 4.41148 1003 -> 2003 915.958 24.2862 6123.22
ARR 4 (4.08470, 3.21800) wai t i ngComrand wai t Ther e onFi nal 0. 000000 0. 000000 2021 -> 2019 493.258 0.000000 0.000000
ARR 5 (4.08470, 3.21800) wai t Control | erContact waitThere onFi nal 0. 000000 0. 000000 2021 -> 2019 493.258 0.000000 0.000000
ARR 6 (4.08470, 3.21800) wai t Control | erContact waitThere onFi nal 0. 000000 0. 000000 2021 -> 2019 493.258 0.000000 0.000000
ARR 7 (4.08470, 3.21800) r eady ToCommuni cat e unDeci ded onFi nal 0. 000000 0. 000000 2021 -> 2019 493.258 0.000000 0.000000
ARR 8 (4.08470, 3.21800) r eady ToCommuni cat e unDeci ded onFi nal 0. 000000 0. 000000 2021 -> 2019 493.258 0.000000 0.000000
ARR 9 (4.08470, 3.21800) r eady ToCommuni cat e unDeci ded onFi nal 0. 000000 0. 000000 2021 -> 2019 493.258 0.000000 0.000000
ARR_10 (4.08470, 3.21800) r eady ToCommuni cat e unDeci ded onFi nal 0. 000000 0.000000 2021 -> 2019 493.258 0.000000 0.000000
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Example of Output: Summary File

< Simulation starts >
system cl ock = 0 second
At 1 sec, DEP 1 is renpved from GC s PENDI NG |i st
At 1 sec, DEP_1 is pushed back to GC' s PROCESSI NG | i st

At 17 sec., DEP_1 got "waitThere".
this flight (ARR_1) is behind the schedul e.
-> scheduled tinme: 17 sysTine: 19
At 19 sec., ARR 1 got "clearTolLand".

system cl ock 7000 second
system cl ock 7200 second
< Sinmul ation ends. >
------------------------------- SUMMARY - - - o e s e e e e e
Flight (Departure DEP_1, B727-100, Gate 1, Runway 36)

Sequenced Del ay
Runway Del ay

ATOT - SsTOT) @ 21
ATOT - NTOT) : 103

Enters into the simulation at 1 sec.
Taxiing Duration . 73 - 217
Taxi i ng Del ay : 2.22827
Nom nal Takeoff Tine (= NTOT) : 186
Sequenced Takeoff Tine (= STOT) : 268
Actual Takeoff Tine (= ATOT) . 289
Runway Cccupancy Tinme (= ROT) . 289 - 328

(:

(:

Tot Taxi i ngDel ay_sec = 47. 9558

Tot RunwayDel ay_sec 6486

Tot Deal y_sec 6533. 96

AvgTaxi i ngDel ay_sec = 2.39779

AvgRunwayDel ay_sec 324.3

AvgDeal y_sec 326. 698

Utilization factor (L/C) = totBusyTineLC (=1234) / first 1 hour (= 3600)
Utilization factor (GC = totBusyTi mneGC (=1188) / first 1 hour (= 3600)

0. 342778
0.33
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Example Output: Departure Profiles
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Example Output: Landing Profiles (1)
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Example Output: Landing Profile (2)

Speed (fps

250

200 A

150 4

100 4

50 -
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VTASM: Example of State Diagram (Arriving Aircraft)
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VTASM: Validation of Simulation Model
(Aircraft-following Profile)
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Object Diagram
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Data Structures (1)

Node Object
A
— ™~
. . Flight*
Index int Id Point Pt (x) FlightinNode_p
0 9981 (34.12,67.212)
1
2
Num.t.J'er of
Nodes
Array-based list for nodes
Acft_Model Object
A
~ N
Char* Id_str Float WingSpan_ft Float
Index - - . MaxAccel_m
0 “B747-100” 110.45 0.5
1
2
Number'c.).f
Acft_Model

Array-based list for aircraft model
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char* Id_str T—>

FleghtzNextFlightInList_p
Flight*

LeadingFlight_p

Flight* FollowingFlight_p
Edge* Taxipath

Data Structures (2)

AA352 > Us987 > NW312 > UA490

(Singly) linked list for edges

TaxiEdge Obj. TaxiEdge Obj. TaxiEdge Obj.
~ —" ~ ~ - ~ ~ —-
Edge* TaxiEdge* Edge* TaxiEdge* Edge* TaxiEdge*
EdgeEle NextTaxiEdge p | EdgeEle NextTaxiEdge _p | EdgeEle | NextTaﬁiEﬁEe_p |
D —

(Singly) linked list for taxiing path

UA093
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Data Structures (3)

Sample network

Edge Edge Edge
AL AL - A
- NexD “ Next\ Next
Node fNode Tnode E_p fNode tNode E_p fNode tNode E_p
0 ——p 0 1 ——| 0 [ 2 ] [ ——m=[ 0o [ 3 ] ——]
1 — - 1 2 — | 1 | 4 ] L — |
2 —— 2 5
3 — - 3 4
4 — 4 5
5

Array of (singly) linked list for the sample network
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Comparison of VVoice-channel and Data-link (Total Delays)
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