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Abstract: This paper introduces a knowledge-driven approach for solving short range conflicts in En-route STCA situa-

tion in order to assist the air traffic controller to handle emergency and ensure the safety. Instead of applying classic con-
flict resolution approach, case-based reasoning theory and technology is used to transfer the controllers” knowledge and
experience to automate conflict resolution. Firstly on the basis of analysis of the controllers’ conflict resolution knowledge

with domain experts, a description of case is well established in a structural framework which has two layers, the first lay-

er with 4 Slot features and the second layer with 19 Side features. Secondly, in case retrieval, the source cases are firstly

filtered against constraint parameters then a nearest neighbor algorithm and global similarity measure based approach is

applied to calculate the degree of similarity between the target case and the source cases. Finally, two scenario tests are

designed to verify the performance of CBR-based conflict resolution model. The results indicate that this method is con-
sistent with the solutions recommended by air traffic control experts and has a good effect in application.
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1. INTRODUCTION

Maintaining the safety, efficiency and orderliness of air
transport is the overall goal of air traffic control (ATC) oper-
ation for civil aviation. Controllers’ conflict resolution skills
are the key to ensure flight safety. Along with steady growth
in traffic flow, there has been a dramatic increase in control-
ler workload, and ATC’s unsafe actions caused by human
errors are occurring more and more frequently. A reliable
and efficient system for resolving conflicts automatically has
been proposed as a key component for the next generation
air traffic control system.

Given the importance of flight conflict resolution, schol-
ars have applied different kinds of approaches to study it,
such as, mathematics, operations research, probability theo-
ry, cybernetics and computational theory [1, 2]. Analyzed the
conflict resolution for aircraft in free flight, under the pre-
condition of not changing the safety level, from the perspec-
tive of lowering fuel consumption [3, 4]. Took into account
the speed uncertainties and allowed the aircraft to fly on di-
rect routes, solved every conflict on a busy day, and gave
each aircraft its requested flight level and departure time [5].
Studied RR3D algorithms for geometric optimization of
flight conflicts [6]. Modeled speed and heading maneuver
dynamics in air traffic conflict resolution on flight level, and
later [7] introduced an algorithm for computing vertical
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resolution maneuver to resolve imminent air traffic conflicts
in which loss of separation could occur within two minutes.

Instead of assuming predefined resolution types, either
horizontal or vertical, the controllers, on the other hand,
choose horizontal, altitude, or speed maneuvers to resolve
conflicts, and adapt their choice based on the characteristics
of the conflict encounter and on other factors. Furthermore,
classic resolution algorithms have been derived on the as-
sumption that both aircraft in conflict are flying at constant
altitude and speed along straight-line paths. However, analy-
sis of actual operations shows that such conflicts constitute
less than half of all conflicts encountered in complex en
route airspace [8].

The Automated Airspace Concept (AAC) launched in
2001 is with two independent systems for conflict detection
and resolution [9]. One element is Autosolver designed to
handle strategic conflicts predicted to occur in 2 to 20
minutes. The other element is TSAFE (Tactical Separation
Assured Flight Environment) designed to handle tactical
separation with times to loss of separation of less than 2
minutes. This system can automatically detect conflict, gen-
erate a conflict resolution strategy and transmit the instruc-
tion to aircraft via data link [10]. TSAFE is different from
TCAS (Traffic Alert and Collision Avoidance System)
which is installed in commercial aircrafts. It will act as a
powerful decision support tool for controllers in near-loss of
separation emergency situation, and at that moment, control-
lers might lose the situational awareness and perform badly
due to heavy stress, even though they have been trained in
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Fig. (1). Conflicts between two aircraft and between multi-aircraft.

the simulator. The algorithm and operational concept in
TSAFE for resolving short-range conflicts showed in [11] is
by avoiding maneuvers consisting of turns in horizon to a
specified heading followed by straight-line flight. On the
other hand, there is usually a Short Term Conflict Alert
(STCA) for controllers when there is a near loss of separa-
tion emergency, and those with experiences and good psy-
chological quality will handle the emergency successfully,
but others may not be in that state. Thus, it is necessary to
save the valuable experience and successful cases to be used
in the future, because these mature methods have played a
positive role in current ATC operation.

Application of artificial intelligence theory and technolo-
gy to transfer the ATC knowledge and experience to auto-
mate conflict resolution already has a good application in the
ATM [12]. Applies a knowledge-based conflict resolution
algorithm for terminal area air traffic control advisory gener-
ation, and it is proved that a knowledge based conflict reso-
lution which uses a knowledge base to solve complex control
problems would be more suitable to generate a resolution of
predicted conflict in a manner consistent with controller
practice, and will be much better to transfer the expert
knowledge to practical application. Rule-based expert sys-
tem is one of the knowledge-based systems, but expert sys-
tem based on rule reasoning is inadequate to accommodate
the complex environment for conflict resolution. Case-based
Reasoning (CBR) is another important knowledge-based
solving and learning method in artificial intelligence (Al).
Unlike decision trees and neutral network, it is not only a
powerful method for computer reasoning but also a perva-
sive behavior in everyday human problem solving, and by
combining with other intelligent computation algorithms it
has been successfully applied to an intelligent fault diagnosis
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[13], diseases prognosis and diagnosis [14], and the health
sciences [15]. Therefore, attempts can be made to apply
CBR technology to automated short range conflict resolution
in order to reduce controller faults in a STCA situation and
improve the level of safety.

This paper presents a case-based reasoning system for
automated en-route short range conflict resolution in a STCA
situation. The study mainly consists of two aspects: case
representation and case retrieval. Firstly, controller’s experi-
ences in resolving conflicts are represented as specific
knowledge organized with case framework and case features
which are carefully analyzed. Secondly, case retrieval is car-
ried out to obtain the best historical case matching the new
case through similarity calculation based on nearest neighbor
algorithm. Finally, a technical test is conducted through sim-
ulation.

2. CONCEPTS OF EN-ROUTE FLIGHT CONFLICT
RESOLUTION

Flight conflict refers to the situation in which the distance
between two or more aircrafts are smaller than the required
separation minimum. The value of the applicable separation
minimum is dependent on multiple factors, including catego-
ry of controlled airspace, mode of surveillance and the rela-
tive position between aircrafts. Under radar control situation,
the minimum horizontal separation for area (en-route) con-
trol is normally 10km in China and the minimum vertical
separation is 300m or 1000m (depending on flight level) in
China. En-route flight conflicts are generally divided into
conflict between a pair aircraft and conflict between more
than two aircrafts, as shown in Fig. (1) respectively.
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Fig. (2). Traditional En-route ATCO flight conflicts resolution model.

Controller workload is likely to remain the main func-
tional limitation on the capacity of the ATM system [16].
Conflict detection and resolution is the most important task
of the controller for ensuring safety of aircraft operation,
thus it is the major component of controller workload. As
illustrated in Fig. (2), the task of conflict detection and reso-
lution starts with identification of potential conflicts during
radar monitoring. Firstly, controllers compare the new case
of potential conflict with memory cases relevant to solving
it, and then map the solution from the most relevant previous
case to the target problem, adapt its solution to fit the new
situation. The typical conflict detection and resolution pro-
cess is shown in Fig. (3). General resolution experience for
avoiding aircraft collision is using level change, speed modi-
fication and heading adjustment, sometimes even holding to
adjust the aircraft’s flight trajectory and assuring aircraft
safety by providing sufficient lateral or longitudinal separa-
tion. In reality, the controller usually uses separation slightly
longer than the separation standard due to the lack of preci-
sion in predicting the future aircraft trajectory and estimating
conflict situation. As the detection of flight conflict and the
choice of avoiding maneuver is closely related to many fac-
tors, such as the surveillance technology, airspace environ-
ment, solving time and human factors, thus in this paper we
presuppose the following assumptions: (1) the study envi-
ronment is radar control; (2) aircraft are in en-route flight
period; (3) applied separation minima is: horizontal separa-
tion of 20km and a vertical separation of 300m; (4) the con-
flict resolution time zone refers to about + 2 minutes around
STCA warning triggering in EUROPECAT system; (5) vari-
ations between displayed altitude and position and actual

altitude and position, due to periodicity of radar scanning,
are not taken into account.

According to the analysis mentioned above, the study ap-
proach adopted in this paper is organized as follows. Sup-
pose the conflict between aircraft i and aircraft j is a con-

flict pair expressed by C, . The time of C, detected by the

controller is t; , and the time of loss of the separation is Z;

Then, the time available for the controller to solve the con-
flict C is T'=¢ ¢!
y ) )

i Tl.j“ reflects the degree of urgency
for conflict resolution. With respect to multiple flight con-

flicts involving ” aircraft, this global problem may be di-
vided into a set of pairwise problems {C;,C;,C;,...,C;}

which are prioritized according to the value of T, .j“ . Follow-

ing this approach, the problem of multiple flight conflicts in
en-route flights under a complex environment is simplified
by a rolling strategy into the study of cyclic resolution of
individual conflict pair.

When the first conflict is identified, we begin to search
the most relevant case in the case library by a specific case
retrieval algorithm, and then the best candidate case is found
through assessment. After that, we adapt or adjust its solu-
tion to the new conflict situation. In this process, one aircraft
trajectory is modified and then a new trajectory is generated
by adopting conflict resolution strategy either in level
change, speed change or heading change. After that, we
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Fig. (3). Research approach of multi-aircraft conflicts resolution via Case-based Reasoning.

continue to detect other new conflicts with other aircrafts.
The research approach is shown in Fig. (3).

3. MODELLING OF EN-ROUTE FLIGHT CONFLICT
RESOLUTION VIA CASE-BASED REASONING

Unlike most problem solving methodologies in artificial
intelligences (AI), CBR is a memory based and from cogni-
tive science research on human memory, thus reflecting hu-
man use of remembered problems and solutions can be re-
garded as a starting point for new problem solving.

Solving a problem by CBR involves obtaining a problem
description, measuring the similarity of the current problem
to previous problems stored in a case base (or memory) with
their known solutions, retrieving one or more similar cases,
and attempting to reuse the solution of one of the retrieved
cases, possibly after adapting it to account for differences in
problem descriptions. The solution proposed by the system is
then evaluated by being applied to the initial problem or as-
sessed by a domain expert. Following revision of the pro-
posed solution if required in light of its evaluation, the prob-
lem description and its solution can then be retained as a new
case, and the system has learned to solve a new problem
[17]. In [18] classic model of the problem solving cycle in
CBR consists of four individual tasks separated as retrieve,
reuse, revise and retain known as the 4 REs.

3.1. Representation of Conflict Resolution Knowledge

In this paper, representation of conflict resolution case is
the key to realizing the conflict resolution via case-based
reasoning. In order to describe a suitable conflict resolution
case knowledge, the case features should be identified and
the relations between these features should be established
properly. Here, we adopt a framework-based method for
representing the case knowledge.

The framework representation method was firstly pro-
posed by American artificial intelligence scholar Minsky in
1975. It is a method for structured representation of
knowledge developed on the basis of framework theory and
is applicable to represent multiple types of knowledge. A
basic view of framework theory is that the human brain has
stored a large number of typical situations, and when con-
fronted with a new situation, the brain will select from the
memory a basic knowledge structure called framework,
whose content varies with the new situation, forms an under-
standing of the new situation and stores it into the memory.
The basic structure of a framework consists of a number of
"slots", and each slot may, depending on the actual require-
ments, be divided into a number of "sides". The slot is used
for description of features of the object while a side is used
for description of one property of the features. The values in
slot and a side are called slot value and side value respective-
ly.

As the controllers normally handle a flight conflict based
on the separation standard, it is adequate to proceed from
separation minima and ATC procedures during the study of
case framework. Therefore, we followed a long-term com-
munication with experts from the area control center of Cen-
tral and South China ATM Bureau (CATMB-CS), and firstly
summed up experts’ experiences based on the method of
rules extraction. Besides, as conflict resolution is closely
linked to the aircraft’s operation tendency, a static analytical
method based on rule-based reasoning is inadequate. There-
fore, the intention of flight is incorporated into representa-
tion of case knowledge. Finally, the framework structure for
case representation is shown in Table 1 by inference based
on domain knowledge. The features and properties of an en-
route conflict pair mainly are the relative track angle be-
tween two aircrafts named ¢ and ? , relative distance, cur-
rent flight state like level, speed, type of aircraft and track
change intention. Besides, we take some environment like
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Table 1. Case description based on the frame structure.
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Slot Side Description
Al wind, thunderstorm etc. (1-yes, 0-no)
Environment
A2 temporary flight activities, like SAR etc. (1-yes, 0-no)
Relative Angle A3 Relative Angle between aircraft @ and b (°)
A4 horizontal distance from a to first common point p (km)
AS horizontal distance from & to first common point p (km)
Relative Distance

A6 difference between Sides A4 and A5(m)

A7 difference of levels between a and b (m)

A8 current track angle of a (°)

A9 track change intention of a (°)
Al0 current level of a (m)

Flight State of Aircraft a
All level change intention of a (m)
Al2 airspeed of a (Knot)
Al3 type of aircraft a (1-L, 2-M, 3-H, 4-S)
Al4 current track angle of b (°)
Al5 track change intention of & (°)
Al6 current level of b (m)
Flight State of Aircraft b

Al7 level change intention of b (m)
Al8 airspeed of & (Knt)
Al19 type of aircraft b (1-L,2-M, 3-H, 4-S)

D the aircraft that should firstly take action (1-a ,2- b))

Solution a Action maneuver intention taken by a , including (level, heading and 1/c or r/d)
b Action maneuver intention taken by b , including (level, heading and 1/c or r/d)

weather and temporary activities like SAR in consideration.
We collected 33 stored cases in the library after careful pre-
selection by experienced air traffic controllers with an expe-
rience of more than 8 years.

3.2. Case Retrieval and Similarity Assessment

Because of the central role of retrieval in the CBR cycle,
a considerable amount of research has focused on retrieval
and similarity assessment [17]. Case retrieval is the process
of searching the previous cases in the case library that can be
used to solve the target problem. A retrieval distance R is
defined to reflect the similarity between the input problem
description and a stored problem description. Commonly
used similarity-based retrieval approaches are Nearest
neighbor algorithm, Inductive method and Template retriev-
al.

In this paper, a Nearest neighbor algorithm and global
similarity measure based case retrieval approach is selected
due to the small size of the case library available for flight
conflict cases. We adopt hierarchical retrieval to increase
retrieval speed. The source cases are filtered against con-
straint parameters before nearest neighbor algorithm is ap-
plied to calculate the degree of similarity between the target
case and the source cases.

(1) Case filtering

For the purpose of reducing complexity and improving
calculation efficiency, during the process of case retrieval we
firstly look at Al, A2 and filter those previous cases which
were influenced by specific environmental conditions like
severe weather or temporary flight activities.
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(2) Similarity measure

Similarity measure between the target case and the previ-
ously stored cases in the library includes local similarity and
global similarity measure. In our paper, each case represent-
ed a set of attribute-value features as 43, 44,..., 419, thus a
local similarity measure is defined for each attribute of
A3,44,...,A19 . While global similarity measure computed
as a weighted average of the local similarities. The weights
assigned to case attributes allow them to have varying de-
grees of importance and may be selected by a domain expert
or user, or other methods. In this paper the weights are ini-
tially determined by the domain expert.

The detailed process of similarity assessment is described
as follows.

Step 1. Calculate local similarity.

As the local attribute features 43, 44,...,A419 are classi-
fied by determinate features and indeterminate features, a
pre-treatment is needed to make them in the same environ-
ment before calculating the global similarity.

With respect to an enumerated features such as A13 and
A19, namely the type of aircraft, according to the level of
wake turbulence such as Super Heavy, Heavy, Medium and
Light. we give the degree of similarity by function as fol-
lows.

1 if type of aircraft is same
sim(L,,X,)=4 0.5
0  others

if type of aircraft is near (1

Here, X, is the value of feature & of the target case X', L,

is the value of feature k£ of the previous case L in the stored
case library, and sim(L,,X,) means the local similarity be-

tween L, and Xk .

With respect to numerical features, the following func-
tion is defined as follows.

L — X, |

Sim(Lk’Xk):l_m
ko< k

2

here, the max(L,,X,) is X, or L, , whichever is greater.

Step 2. Calculate global similarity.

We use function (3) to calculate the global similarity.

zn’(wk xmax(L,,X,))
sim(L, X) =+ 3)

n
Zwk
k=1

in which w, is the weight of feature & , and #n is the number

of features.
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Calculation of weight w, is very important. In this pa-

per, the initial weights of a Slot are determined by the do-

main expert through an order relation analysis method. Sup-
pose there are a set of features a,,a,,...,a,, here m is the
number of Slot features. Firstly, the domain experts deter-

mine the most important feature marked as a]* , and then

choose the second most important one marked as a; . Follow
this principle, after n—1 times of selection, finally it comes
out an order ofa, >a, > a; >...>a, . Secondly, experts de-

termine the relative importance between a;:_ and a;:, and

1
this can be labeled as », with a relation defined by function

(4), and the value of 7, is referred to in Table 2.

Table (2). Reference value of 7, .

re Meaning

0 X, is the same important with x,_,
2 X, is slightly important with x,_,
4 X, is more important with x,_,

6 x, is largely important with x,_|
8 X, is extremely important with x,_,

Table 3. Initial weights of Slot.

Features Weight
Relative Distance 0.2756
Relative Angel 0.3307
Flight State of Aircraft a 0.1969
Flight State of Aircraft b 0.1969
Wk—] —
raa @

here k=m,m—-1,m-2,...,3,2.

The weight of x, is the less important one, it is deter-
mined by function (5).

W, :(Hiﬁ@] )
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Table 4. Ten test cases of aircraft test scenario data.
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Caseid | A3 | A4 | AS | A6 A7 A8 A9 A10 All Al2 Al13 Al4 | Al5 Al6 Al17 Al18 Al19
T1 55 35 20 15 600 90 0 10100 -600 840 2 130 0 9500 600 790 2
T2 50 35 20 15 0 90 0 10100 840 2 130 0 10100 0 790 2
T3 47 35 20 15 1200 90 0 10100 -600 840 2 130 0 8900 1200 790 2
T4 46 35 35 0 -450 90 0 9500 950 3 130 0 9950 -1050 790 2
T5 45 35 35 0 -1050 90 0 8900 950 3 130 0 9950 -1050 790 2
T6 40 40 40 0 0 90 0 9500 950 3 130 0 9500 0 790 2
T7 30 42 24 18 600 180 0 5700 690 2 180 0 5100 0 650 2
T8 20 42 24 18 200 180 60 5100 650 2 180 0 4900 200 640 2
T9 10 25 7 18 1320 180 60 6300 650 2 180 0 4980 120 640 2
T10 0 42 24 18 720 180 0 5700 650 2 240 -60 4980 120 640 2

We know the w,_and a set of r,, then we know other

w, by function (6)

Wit = B XW, (6)

here, k=m,m—-1,K ,3,2.

We distributed the questionnaires to ten experts, eight of
which is valid. After calculation through the order relation
analysis method it can be found that the suggested weight of
each features tend to be stable after the number of expert is
bigger than five, and finally the initial weights of Slot fea-
tures are shown in Table 3.

4. SIMULATION AND RESULT

In order to test the performance of the proposed CBR-
based conflict resolution model, to see whether it can pro-
duce the solution adapting to the reality, a specification of 10
synthetic traffic scenarios has been designed as Table 4, and
33 aircrafts scenarios were successfully executed by the con-
trollers in the en-route control center of CATM-CS are
stored in the case library. In this test, we suppose that the
influence of environment is not considered and each Side
feature has the same contribution to the upward Slot feature.
The results of case retrieval are shown by Table 5. The best
matching case is marked by an underline. For T4 and TS5,
there are two best matching source cases; the reason is be-
cause we don’t take the features Al and A2 into considera-
tion in this test. The result is well accepted by the air traffic
controller.

To test the performance of the proposed CBR-based con-
flict resolution model in the presence of increment of the
number of stored cases, we designed another trial. A new
case is designed as a target case with a set of features

A3,44,...,419 valued by {40 25 5 20 800 90 0 10300 -800

840 2 130 0 9500 0 790 2}. In a target case, two aircrafts
will converge at the same point, one’s call-sign is RITAO1
which is from flight level 10300m descending to 9500m with
a heading of 090, the other’s call-sign is RITA02 which is
maintaining its flight level 9500m with a heading of 130.
RITAO1is Skm away from the crossing point and RITA02 is
25km away from the crossing point, see Fig. (4), then, the 1
to 32 cases in the case library will be separately chosen as
stored cases by 4 times in an increment of 8 cases. Matlab is
used for programming and calculation. The results of the
trial are shown in Table 6. We can see that along with the
increase in the number of cases in the case library, the num-
ber of found cases increases, the value of maximum similari-
ty sim also increases. For the target case, through reasoning
by CBR, it has the greatest similarity with the 11" case situa-
tion in the case library, so the recommended strategy of con-
flict resolution for target case is: to instruct RITAO1 to stop
descent immediately and turn left 90 degrees and then in-
struct RITA02 to descend to 8900m. The resolution strategy
is illustrated in Fig. (4).

CONCLUSIONS

On the basis of analyzing conflict resolution strategy op-
erated by controllers from the cognitive perspective, this
paper proposes a knowledge-driven approach for resolving
en-route conflict in En-route STCA situation. By means of
the rolling strategy, the problem of multiple conflicts among
en-route aircraft under a complex environment is simplified
into a set of sub-problem of pairwise conflicts. Instead of
rule-based reasoning, the CBR technique from Al is applied,
the study is not limited to getting descriptive success experi-
ence. Instead, it abstracts controllers’ successful experiences,
extracts rules and scenarios from the controllers’ conflict
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Table 5. Results of global similarity assessment.

The Open Automation and Control Systems Journal, 2015, Volume 7 91

Case id T1 T2 T3 T4 TS5 T6 T7 T8 T9 T10
S1 0.50 0.53 0.51 0.46 0.45 0.50 0.85 0.89 0.81 0.95
S2 0.50 0.51 0.49 0.42 0.41 0.45 0.79 0.86 0.90 0.85
S3 0.52 0.53 0.52 0.46 0.45 0.50 0.85 0.93 0.84 0.91
S4 0.54 0.56 0.53 0.49 0.48 0.53 0.87 0.90 0.82 0.92
S5 0.78 0.80 0.77 0.91 0.89 0.97 0.58 0.57 0.49 0.51
S6 0.77 0.79 0.77 0.96 0.93 0.92 0.57 0.55 0.50 0.50
S7 0.77 0.79 0.77 0.96 0.93 0.92 0.57 0.55 0.50 0.50
S8 0.92 0.87 0.95 0.77 0.76 0.78 0.68 0.62 0.65 0.62
S9 0.94 0.97 0.91 0.83 0.80 0.82 0.65 0.64 0.58 0.58
S10 0.97 0.93 0.94 0.81 0.79 0.80 0.68 0.64 0.61 0.61
S11 0.90 0.85 0.88 0.75 0.73 0.74 0.63 0.58 0.65 0.57
S33 0.36 0.40 0.34 0.35 0.33 0.35 0.18 0.19 0.17 0.18

RITA02
0948=0950 079
7777 A319

‘RITA02 descend to 8900m
Skm

P

RITA 01
1024v0950 084
7777 A320

Label illustratation

Callsign

I 40°

25km

Present FL| tendency target| FL Ground speed (*10)
Destination code| type of aircraft

Fig. (4). Automated conflict resolution scenario based on CBR.
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Table 6. Results of the test under different number of stored cases.
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Test id No. of Stored Cases No. of Found Cases Max. of sim Elapsed Time (s)
1 8 1 0.8464 0.005912
2 16 7 0.9366 0.007909
3 24 7 0.9679 0.008880
4 34 13 0.9791 0.010006

resolution strategies, and applies them to scientific reason-
ing.

In the present of STCA, controllers are easily losing situ-
ation awareness, especially those who never had such emer-
gency experiences before. An automated conflict resolution
can help them to handle the strict emergency in a short range
time, which can greatly improve the safety level at the front
line. Further research should concentrate on reducing the
unnecessary features in the Side level by using a Rough-set
theory, so as to reduce the case search volume and increase
the searching speed.
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