52 ISSN 1814-4225. PAAIOEJIEKTPOHHI I KOMITI'YOTEPHI CUCTEMMU, 2013, Ne 5 (64)

UDC 656.7.022

A.V.1ZVALOYV, V.N. NEDELKO, S.N. NEDELKO

Kirovograd Flight Academy of the National Aviation University,

Ukraine

VALIDATION OF INPUT DATA FLOW GENERATING ALGORITHM
FOR INTELLIGENT AIR TRAFFIC CONTROL SIMULATOR

Implementation of the automated input data flow generation algorithms for the air traffic control simulator
is likely to help to use the advantages of individual-based training better. The article describes the experi-
ment based on individualized learning that was held to validate the algorithm. In the research with the use
of developed software the exercises were generated and their parameters were compared to the require-
ments. As the deviations appeared to be within the acceptable range, it is possible to use the developed

software for the purpose of professional training.
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Introduction

As the increasing trend of the air traffic intensity
exists nowadays, the requirements to the professional
abilities and skills of the air traffic control (ATC) spe-
cialists are growing. As these skills and abilities result
from the professional training, the requirements to its
quality grow as well.

Individualized learning is considered to be one of
the most effective ways to increase the quality of pro-
fessional training in ATC field [1]. To reach the re-
quired level of professional skills and abilities each
trainee should complete his/her own sequence of tasks
and exercises. Such sequence can be subject to changes
basing on intermediate trainee’s results.

Currently such an approach exists in several ATC
training facilities, but the individualized learning poten-
tial of the intelligent ATC simulator can be dramatically
improved if there exists a possibility to produce high
quantities of appropriate sequences of tasks within a
reasonable amount of time.

At Kirovograd flight academy of the National
Aviation University (KFA NAU) the algorithms of
automated task generation were developed and imple-
mented in the form of software application for the ATC
simulator [2]. To ensure that the automatically gener-
ated tasks will have the appropriate learning value, the
validation of the algorithm was performed.

1. Input data flow of ATC simulator

The intelligent ATC simulator processes several
data flows (fig 1).

Input data, which refers to the air traffic parame-
ters, expected conflicts, simulated events etc;

Simulation data, which refers to the flight parame-

ters of the virtual aircraft, it is changing in the real time;

Trainee’s commands, which affect the simulation
data;

Exercise history, which is the base for the student
performance assessment.

The exercise generation is in fact the generation of
the input data flow. But the requirements to this process
are the parameters of the simulation data. So, the task is
to design the algorithm of generation of such input data
flow which would create the simulation data with the
required parameters, when the exercise is run on the
ATC simulator.
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Fig. 1. Data flows in ATC training
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Such algorithm should fulfill the following re-
quirements:

The deviation of the simulation traffic parameters
from the requirements should be within the appropriate
range (which is the subject to guiding documents in
ATC training).

The standard training exercises should be gener-
ated within a reasonable amount of time, no more than
10 minutes (while the intelligent ATC simulator is pre-
pared for the next session). It must be possible to create
various input data which will lead to the same simula-
tion data traffic parameters (as the same trainee may
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require several tasks with the same learning value but
different traffic patterns).

The main element of the input data flow is the set
of the flight plans (FPLs) F = {f;}. The flight plan has
such properties as the function (L(t)) describing the ex-
pected change of the aircraft’s coordinates with time
and aircraft attributes (A), like it’s type, call sign, radio
language etc.

Over the set F = {f;} the graph K of expected con-
flicts is defined. It’s incidence function returns the value
of True if and only if fulfils

Elr(r IS [TO; T ] A Conf(Li (r), Lj(r)»,
where [T:T;] is the time interval of the simulation,

Conf (Li(r),L j(r)) — the function which defines if there

was the conflict between the aircraft moving along the
trajectories of Li(t) and Li(t) at the moment of 7.

The set of events E= {ei}z {(eti,tei,oei>} is the

next element of the input dataflow, where et; is the i-th
event type (for example, engine failure or icing), et; is
the moment of the i-th event and oe; is the object in the
airspace to which the event is applied.

The complexity of the simulation can be defined as
the function of time

where c(t) is the complexity function of the i-th aircraft
from the F set. It depends on the flight mode, conflicts

involving this aircraft or emergencies on it. The simula-
tion data parameters which define the requirements to
the input data are: graph K, set E and function C(t). As
usual, in the official papers regulating the ATC training
the requirements to the training exercises are defined
using the linguistic or ranged variables instead of the
precise ones (e.g. “gradual complexity growth during
the first half of the exercise”, “1-2 crossing conflicts”,
“total traffic of 40-45 aircraft”, etc) the fuzzy logic can
be used to interpret this data. At the same time, the ac-
ceptable deviations of the simulation data parameters
from the requirements can be defined.

2. Algorithm validation

The algorithm of automated task generation was
described in [3]. The software developed has three input
modes: manual (fig. 2), visual and that from the data
file.

For the validating experiment, N=30 sets of re-
quirements were composed basing on the guiding
documents. For each set of the requirements R; M=100
times the automated exercise generator was run. The
intelligent ATC simulator in the speed-up mode ran
each of the exercises Xj and calculated the simulation
data parameters Py. The differences Dj between these
parameters P and the requirements R; were calculated.
The conditions for the differences to be within the re-
quired range were checked.
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Fig. 2. Manual input screen for the requirements to the ATC exercise
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The parameters which were included into the set of
the differences and which defined the exercise fitness
for training were the following:

G Ac — standard deviation of the number of aircraft

controlled (nac(t)) in the exercise Xj from the respected
function in the requirements R;. M(nac) — maximum
absolute deviation of nac(t) in Xjj from that of Rj;

¢ and M(C) — the respected parameters of the

complexity function C(t) of the created simulation data;
AK - the deviation of the set of conflicts in the
simulation data from the graph K of the requirements. It

is a matrix, the elements of which AK! are the differ-

ences of the number of conflicts of i-th type during the
t-th phase of the exercise in the actual simulation data

from the requirements;

Loop variable
1=1
Wrong results counter
wi=0

Select re-
quirements R;

no

Analyze the errors
to find the ways
of algorithm im-

provement

Generating
algorithm
is valid

AE; - the absolute difference of moments of the

events of i-th type (if the event of some time hadn’t
been generated this difference is considered to be an
infinity).

The ranges for these parameters were established:

oac < 1.5, M(na) <2, o <3.5, M(C)<5, ‘AK}‘ <1,

D AK}{ =0, AE; <5 min.
t

The structure of the input data flow generating al-
gorithm ensures the exact equality of the sets of con-
flicts and events in the created exercise and in the re-

quirements. That’s why the limiting values of AKit and
AE; are so strict. The structure of the validating ex-

periment is shown in fig.3.
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Fig. 3. Algorithm of the validating experiment

The experiment proved that the algorithm is
valid and the software is able to generate the exer-
cises with the exact numbers of conflicts and events
of given type.

The parameters 6 ¢, M(nac), oc and M(C) re-
mained within the required ranges. Their mean values
throughout all the 3000 of the created exercises were:

OAC =0.76, MnAC =1.57,
Gac =232, M(C)=3.74.

The example of the required C(t) and the complex-
ity of the simulation data flow is shown in fig. 4.

3. Visual exercise
construction interface

The software developed was implemented into
the ATC training process in KFA NAU. For the pur-
pose of quick editing already created exercises and
designing the exercises in the visual mode, the inter-
face shown on fig.5 was developed. The judgement
of the ATC training centre supervisors was taken into
account. The interface elements are: (1) — main menu
which enables to carry out save/load and automatic
exercise generation functions, (2) — ATC sector map
where the currently added FPLs and expected con-
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flicts between them can be viewed, as well as the
planned events. This element is also used to
add/remove/edit the parameters of FPL using drag-
and-drop technique. (3) — time trackbar, it makes
possible to see the expected state of the simulation
data at any certain moment. (4) — list of all FPLs, (5)
— list of points of the selected FPL’s track. They are
used to edit the FPL’s properties using the keyboard

input. (6) — planned and actual complexity graphs.
The latter element lets the designer control the work-
load caused by the currently developed exercise. (7) —
visual representation of dependency between the
flight parameters of the selected/added FPL and the
presence of the certain-type conflict. As the designer
moves the mouse over the red cell, the place of the
future conflict is highlighted on the map (2).
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Fig. 4. Examples of target (a) and actual (b) complexity functions of the simulation data flow
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Fig. 5. Interface for visual exercise design and editing

Conclusion

The algorithm developed to generate automatically
the input data flow for the ATC simulator was imple-
mented as the software application. The validating ex-
periment showed that the deviations of the simulation
data flow parameters from the requirements were within
the ranges defined by the guiding documents in the field
of ATC training.

The parameters taken into account were the stan-

dard and maximal absolute deviations of the number of
aircraft and traffic complexity. Also the conflicts and
events like emergencies were taken into consideration.
Thus, all the groups of professional abilities and skills
were covered.

Besides the automatic exercise generation the vis-
ual exercise design is enabled. The exercises developed
both in the automatic and the manual modes are exten-
sively used in training, self-training and professional
competitions of ATC controllers held in the academy.
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BAJIIALIS AITOPUTMY TEHEPAIII BXITHUX JAHUX
JJIA IHTEJIEKTYAJIBHOT'O TPEHAYKEPY ABIA/IUCIIETYEPA

O.B. I3¢anoe, B.M. Heodinvko, C.M. Hedinvko

BripoBapkeHHsT anropuTMiB aBTOMATHYHOI I'eHepallil BXiJHOro iH(pOpMaIiiiHOro MOTOKY Ul TpeHaKkepa aBia-
JcneTdepa J03BOJIUThH Kpallle BAKOPUCTOBYBATH TIEpEBAry iHAUBIYyaIbHOTO MiIX0Qy A0 HaBYaHHs. CTaTTs OMucye
€KCIIEPUMEHT, sIKUil 0a3yeThbcsl Ha 1HMBINyaJbHOMY HaBYaHHI, SIKi OYJI0 MPOBEJCHO 3 METOIO Ballifallil aJlrOPUTMIB.
VY mocnimpkeHHi 3a TOTIOMOT0I0 PO3POOJICHOr0 IPOrPAMHOT0 3aC00Y B aBTOMATHYHOMY PEKHUMI BUKOHYBAJIACS TeHE-
pallis BIIpaB 1 NOPIBHSHHS iX HMapaMeTpiB 3 IUTLOBUMH. BiIXuIeHHS ONMHUINCS B AOMYCTUMHX MeXKaX, [0 J03BO-
JIsi€ BUKOPUCTOBYBATH PO3POOJICHNH MPOrpaMHui 3aci0 y HaB4aIbHOMY MPOIIECi.

Karou4osi ciioBa: TpeHaxkep aBiaaucrieTdepa, BXiJHUH iHpoOpMaIiiHUA MOTIK, aBTOMAaTHYHA TeHEpallisl BIPaB,
BaJIialifHUi eKCIIEpUMEHT, BiIXHICHHS IapaMeTpiB, iHTepdeiic iHcTpyKTOpa, iHANBIya bHE HABYAHHS

BAIMIALIUA AJITOPUTMA 'EHEPAIIU BXOJHBIX TAHHBIX
JIJISI AHTEJUIEKTY AJIBHOI'O TPEHAXKEPA ABUAJIMCIIETYEPA

A.B. H3eanoe, B.H. Heoenvro, C.H. Hedenvko

BHenpeHue aaropuTMOB aBTOMATHYECKON T'eHEpaIMH BXOMHOIO MH(pOPMAIMOHHOIO MMOTOKA JUIS TpeHaxEpa
aBUAIUCIIETYEPa MO3BOJIUT JIYUILE UCIIOIB30BATh IPEUMYIIECTBA HHANBUIYAIBHOIO MoAX0aa K 00ydenuio. CTaThs
OITUCHIBAET IKCIIEPUMEHT, Oa3UPYIOIIUICSA Ha MHAMBUIYATIHHOM O0YJYEHHH, KOTOPBIE ObLI IPOBEIEH C IIENbI0 BaJIH-
JIAIU aJIrOPUTMOB. B HCCIeI0BaHUN NP MTOMOIIHM Pa3pabOTaAHHOIO MPOrPAMMHOIO CPEACTBA B aBTOMATHYECKOM
PEKUMeE BBIMOIHSAIACH T€HEPAIUs YIPAKHEHUIA U CpaBHEHUE MX [APaMETPOB ¢ IiejieBbIMH. OTKIIOHEHHUS OKa3aIucCh
B JIONYCTUMBIX TPaHMUIIAX, YTO MO3BOJSET MCIONB30BaTh Pa3pabOTaHHOE MPOrPAMMHOE CPEACTBO B YIEOHOM IPO-
recce.

KarwueBbie cjioBa: TpeHaXEP aBUaIMCIIETUYEPa, BXOIHON MH(OPMAIIHOHHBIN MOTOK, aBTOMAaTHYECKask TeHepa-
IUsl YIIPAKHEHHUM, BATUIAIIMOHHBIN SKCIEPUMEHT, OTKIIOHEHHS TapaMeTpoB, HHTepdec IHCTPYKTOpa, UHIUBUIY-
aJbHOE 00yUYCHHE.
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