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Abstract— This article presents a decentralized conflict res-
olution procedure (CRP) that maintains the flow capacity in
each of two intersecting routes. The main contribution of this
article is the development of CRPs that include the effect of
aircraft, turn dynamics that limits the heading-change rate.

I. INTRODUCTION

This article presents a decentralized, conflict resolution
procedure (CRP), which can be shown to be provably safe,
for enroute Air Traffic Control (ATC), . It is noted that CRPs
tend to be decentralized (spatially-and-temporally) because
of a substantial increase in computational and modeling
complexity with a centralized CRP when the number of
aircraft (and conflicts) increase. Additionally, centralized
controllers become inefficient, over large airspace, because of
the need to handle the uncertainty in aircraft trajectories over
time, e.g., because of ground-speed sensitivity to wind and
temperature [1] that depend on forecasts of dynamic weather
conditions with substantial uncertainties [2]. Therefore, de-
centralized CRPs are needed to resolve conflicts to manage
the complexity and uncertainty in air traffic control. A major
challenge, however, is to ensure that modifications of flight
trajectories, for resolving a conflict, do not lead to a domino
effect; i.e., resolution of a conflict should not lead to new
conflicts, whose resolution leads to additional conflicts, and
so on [3]. Moreover, the procedure should always lead to a
solution of the conflict resolution problem for guaranteeing
safety. Thus, developing provably-safe, decentralized CRPs
remains an important issue in air traffic control, which is
addressed in this article.

Previous works on CRPs range from non-local probabilis-
tic approaches that handle uncertainties [4] to local deter-
ministic approaches that resolve conflicts in a collaborative
manner [5], [6]. Analytical issues such as proving local
safety of conflict resolution were studied in, e.g., Ref. [7].
The problem of guaranteed conflict resolution in a stable
manner remains more challenging for the non-local case.
For example, procedures to resolve conflicts between aircraft
along two intersecting routes might not be stable when
multiple aircraft arrive along the route as shown in Ref. [8].
Conditions for CRP stability were studied, for two and three
intersecting routes, in Refs. [6], [8]. The main difficulty is
that conflict resolution at one routes intersection will interact
with the conflict resolution at the next intersection in the
sequence; stable solutions to the resulting coupled problem
tends to require centralized solutions [8]. In contrast, the
current work seeks decentralized procedures that guarantee
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conflict resolution with multiple conflicts (intersections) by
using decoupled, conflict-resolution procedures — the cost
of this guarantee is time delay in the flow, however, with
known bounds.

Recent work [9] has identified sufficient and necessary
conditions for general decentralized conflict resolution pro-
cedures (CRPs) with guaranteed safety when aircraft are in
pre-specified highway-like routes as in Refs. [10], [11]. The
main idea is to design CRPs that that resolve conflicts while
maintaining in each route: (i) the flow capacity; (ii) the
aircraft sequence; and (iii) the required spacing between
aircraft [9]. This approach decouples the aircraft flow in
each route from the CRP, and therefore, the CRP at the
next intersection (along a route) can be designed independent
of the current CRP. Moreover, since the proposed CRPs do
not require a reduction of the flow capacity, they can aid
in increasing the efficiency of enroute Air Traffic Control
(ATC), e.g., in the design of capacity-maintaining protocols
for adverse weather re-routing as discussed in Ref. [10].
However, the initial design of provably-safe CRP in Ref. [10]
does not limit the rate of heading angle change, i.e., the
heading angle is assumed to change instantly. The main
contribution of the current article is to develop decentralized
CRPs which include the effects of turn dynamics by limiting
the heading-change rate allowed in the CRP. The redesigned
CRP satisfies the decoupling conditions in Ref. [9], and
can therefore be used to develop provably-safe decentralized
CRPs.

II. THE CONFLICT RESOLUTION PROCEDURE (CRP)
A. Airspace and Conflict Description

The conflict resolution procedure is studied for two per-
pendicularly intersecting aircraft routes (R; and Rg), which
are assumed to be at a fixed altitude (planar flight) as
illustrated in Fig 1. A sufficiently-large local region L around
the intersection (conflict point C'P) is assumed to be conflict
free from all other routes in the airspace. The CRP can use
this local region L to resolve conflicts at the intersection
without potentially causing additional conflicts as long as
the rerouting procedures in the CRP are within the local
region L, and the conflict points are sufficiently sparse in
the airspace. Aircraft along the nominal routes (R; and Rs)
arrive into this local region L at arrival points Ay, Ay with
a fixed nominal speed v, and exit at F, Ey as shown in
Fig. 1. It is assumed that aircrafts, arriving at the local region
L are separated by at least distance D at the arrival points
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Aj, Ay, where the minimal arrival spacing D is greater than
the minimum required separation distance D, to avoid
conflicts.

. <
\

Local Region L 1

Fig. 1. Local region L of the airspace around two perpendicularly
intersecting routes. Associated with these two routes R1, Ro are arrival
points A1, Ag, and exit points E1, Ey respectively.

Remark 1: In general, conflict resolution can be achieved
using maneuvers that change the heading, speed and altitude.
However, heading changes are preferred over speed changes,
which require additional fuel for accelerating and decelerat-
ing the aircraft. Similarly, heading changes are preferred over
altitude changes, which tend to incur passenger discomfort
and can cause conflicts in the other altitudes [6].

Remark 2: 1f the intersection angle between two routes
are non-perpendicular, then the routes could be turned to cre-
ate a perpendicular intersection before the current approach
is applied.

B. The Conflict Resolution Problem

This article studies heading-change-based conflict resolu-
tion procedures (CRPs). The requirements on each decen-
tralized CRP, to enable decoupled designs, are stated below.

Definition 1: [CRP Decoupling Conditions] The prob-
lem is to find a conflict resolution procedure (CRP) using
heading change maneuvers (with limits on the rate of heading
change) such that conflicts are avoided between aircraft and
the following CRP-decoupling conditions are satisfied:

1) local intent aircraft on each route (R;, R2) exit along
the same route at the corresponding exit point F, Fo;

2) local liveness aircraft on each route exit the local
region L within a specified bounded maximum time
T < oo;

3) local fairness the passage through the local region
L is on a first-come-first-served (FCFS) basis within
each route; and

4) local exit spacing aircraft exiting the local region L
(at each of the two exit points) are separated by at-least
distance D.

Remark 3: The local liveness and fairness conditions are
not required for safety of the CRPs; however, liveness implies
that aircraft will not be stuck in the airspace (e.g., in a loop)
and fairness enables acceptance of the conflict resolution

procedure. The first-come-first-served (FCFS) scheduling of
aircraft through the airspace is considered as the canonical,
fair schedule in Air Traffic Management [12].

C. Proposed CRP

In general, if the aircraft are closely spaced in each route,
then there is insufficient space to pass the aircraft from the
two routes through a single intersection point. Therefore, the
main route needs to be split (using diverge procedures) into
multiple paths to increase the spacing between aircraft (in
each path). Aircraft in these paths can then intersect without
conflicts (provided the aircraft motions are synchronized as
shown in Refs. [9]); after the intersections, the paths can be
merged back to the main routes.

CRP with a Three Path Split: The proposed conflict
resolution procedure (CRP) is shown in Fig. 2 — it consists
of splitting of each route (R;, R2) into three equal-length
paths and choosing one of the paths for each arriving aircraft.
In particular, the three paths { Ry ;}i=3 for route R; (shown
in Fig. 2) are described by a set of way points (v;):

Rl,l - {Ul,UQ,Ug,U4,’l)5,"U6,U7,'08,’U9}
Riy = {v1,v16,017, V18, V19, V20, V21, V15, U9} (1)
R1,3 = {'U17’U27U1()7'011,’U12,U13,U147'()15,'U9},

and the three paths { Rz ;}i=3 for route Ry are

Ry = {va22,v23, 025,18, V11, Vs, U2g, U31, U33 }
Ryo = {va22,v23,v26, V19, V12, Vs, V29, U2, U33}  (2)
Rys = {v22,v24, V27, V20, V13, Vg, V30, V32, V33 } -

Fig. 2. Overview of actions in the conflict resolution algorithm: (i) syn-
chronize; (ii) diverge; (iii) intersect; and (iv) converge. Way-points v are
numbered along paths R1 1, R1 3, R1,2 for route Ry and then along the
paths for route Ro (from left to right, bottom to top). The paths have the
same lengths

Path Assignment for each Route: The path assignment
procedure is illustrated in Fig. 3; the procedure is based
on the index k in the scheduled time of arrival (STA) ¢
at the initial way-points (v; or vey along Routes Rp, Ry as
in Fig. 2), which are assumed to be discrete time instants.
Synchronization procedures are needed to achieve the sched-
uled time of arrivals (STAs); however, achieving STAs has
been well studied in the literature, e.g., to schedule arrivals
at airports as in Ref. [12]. Such approaches can be adapted
to achieve STAs at the conflict point [9], and is therefore,
not discussed in this article.
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Definition 2: [Path Assignment Procedure] Let the
scheduled time of arrival (STA) of aircraft at the initial way-
points (v; for route R; and vey for route Ry in Fig. 2) be
at discrete time instants g,

D/2
th = (/> = kT, 3)

Usp

where k is a nonnegative even integer for route R; and a
nonnegative odd integer for route Ro. Then, if STA k is
even (i.e., aircraft is on route R; arriving at way-point v;)
then assign path R; ;1 where j is k/2 modulus 3. If k is
odd (i.e., aircraft is on route o at way-point vao) then assign
path Ry j+1 where j is (k — 1)/2 modulus 3, as illustrated
in Fig. 3.

Ryn Ra2 Ra3 Ra1 Ry Rp3 Ry Rpp Path
Route ‘W‘, ll JS {L t\g ‘7\” tj‘a | Allocation
R2 —C —C—— STAatV,,

o= T

STAatV,
F 0 1 1 [ | Pah

Route [— i — } 0 } i - i
Ry to t2 ty te tg tio ti2 tig
Allocation
Rii Ria Riz Rip Rip Rz Ryp Ry

Fig. 3. Path allocation: each aircraft is assigned a path based on its
scheduled time of arrival ST A.

Remark 4: The time difference, 275 /2 in Eq. (3), be-
tween two scheduled time of arrivals (STAs) on a single
route, corresponds to the time needed to travel (with nominal

speed v,,) the minimum separation distance D between
aircraft arriving in each route.

Remark 5: The path allocation rule is cyclic and repeats
after every six discrete time instants.

D. CRP satisfies Decoupling Conditions

Lemma 1: The CRP satisfies the decoupling conditions
in Definition 1 provided: (i) the aircraft arrival can be
synchronized to the discrete time instants as in Fig. 3; and
(ii) the CRP avoids conflicts.

Proof: The CRP maintains the same aircraft sequence
(local fairness) as at the arrival way-points (v for route R
and vy for route Ry in Fig. 2) since the path lengths are the
same. Since the paths for each route merge back to that route,
local intent is satisfied, and the finiteness of the path length
implies that the time needed to merge back to the route only
takes a finite amount of time (local liveness). The discrete
arrival times implies that the aircraft arrive with a minimal
spacing of D — the spacing is maintained at the exit as the
aircraft merge back at the end of the CRP since the path
lengths are the same and the nominal speed is constant. M

E. CRPs are Decoupled and Maintain Route-Flow Capacity

The CRP does not change the sequence of aircraft in
each route and maintains a minimal separation of D (..,
the route-flow capacity for which the CRP is designed) at
the exit. Therefore, if aircraft in one of the routes (R,
or Ry) reaches another conflict point then the CRP at the
second intersection point does not have to depend on the
procedures used at the first CRP provided the conflict points

are sufficiently separated from each other, i.e., the associated
local regions needed for conflict resolution are disjoint. Thus,
the design of the proposed distributed CRPs (that only used
local information of each route) can be decoupled from each
other, without domino-type stability problems if the conflict
points are sufficiently sparse in the airspace.

III. CONDITIONS FOR CONFLICT AVOIDANCE

The design of the CRP in Fig. 2 to avoid conflict between
aircraft is studied in this section. The section begins with
(1) the diverge procedure and is followed by (ii) the intersect
procedure. It is noted that the converge procedure is the
same as the diverge procedure backwards in time, and hence
shares the same conflict avoidance issues — the issues in
the converge procedure are therefore not discussed to avoid
repetition.

A. Diverge Procedure

The diverge procedure splits the routes into paths (i) with-
out conflicts, and (ii) without losing synchronization in the
different paths, by using equal length maneuvers.

Fig. 4. Detail of path Ra 3 in Fig. 2 showing two turns from node va22 to
V24

Potential for Conflicts during Turns: A critical concern is
that the spacing between aircraft along a route could decrease
during a turn (when compared to the arrival spacing D
along each straight route) and result in the loss of minimum
separation. Turns occur during the diverge procedure, for
example, in the path Rj 3, the route segment from vyy to
v94 (diverge) consists of two consecutive turn paths each
with constant radius R, and each curved path results in a
heading angle change of ¢ as shown in Fig. 4. The potential
for reduction in aircraft spacing during a turn places a lower
limit on the initial spacing (D) to achieve a turn ¢ without
conflict. These restrictions can become more stringent when
making consecutive turns, e.g., from way-point vey t0 vay
on route Ry 3 in Fig. 4. Conditions for conflict-free turns
are studied below for two cases: (i) single turn; and (ii)
consecutive turns. This section begins by considering the
restrictions on the rate of heading change.

Restriction on Heading-Change Rate: Although the roll
dynamics is relatively fast and can be ignored in the CRP
path design, the aircraft turn dynamics should be included in
terms of an upper bound on the heading-change rate 6 as in
Ref. [13]. In particular, from the free body diagram of the
aircraft (in the vertical plane) shown in Fig. 5,

L cos(p) = mg; Lsin(u) = m—2 4)
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where 11 represents the bank angle, v, is the nominal speed
m is the aircraft mass and g is the gravitational acceleration.
Then, the turn radius is given by (from Eq. 4)

vZ,
gtan() )
With a bank angle limit of & < e (With fie. = 30° for
passenger safety and comfort in commercial aircraft [13]),
the minimum turn radius R,,;, is given by

U2

g tan(ﬂmam)

Bank Angle

| weight =mg

Fig. 5. Free body of aircraft performing a banked turn; the limit on the
acceptable bank angle limits the maximum heading-change rate.

The above lower bound on the turn radius, i.e., B > R,,in,
leads to an upper bound on the maximum heading-change
rate. Let the aircraft make a heading change of 6 < ¢ in
time ¢ along a circular arc of radius R and length

RO = vgpt,
as shown in Fig. 6. Then, the upper bound on the heading-
change rate is obtained as
9’ — Usp < Usp _ gtan(ﬂmax)
R ~ Run Usp

= QWw,:n . (7)

Note that the rate of heading change 0 can be kept below the
limit of €2,,,4, by choosing a sufficiently large turn radius R,
ie.,

R > Rypin = 22 ®)

- Qmax
Thus, the limit on the acceptable bank angle (in the turn
dynamics) limits the maximum heading-change rate to a
maximum-rate of €,,4z.

Single Turn Analysis: Consider a single turn in a route
where aircraft start from a straight section, then move along
a circular arc of length R¢, and finally continue along a
straight line — both the straight line segments are tangential
to the circular arc and the angle between the two straight
segments correspond to ¢ as shown in Fig. 6.

Lemma 2 (Single Turn): To avoid conflict between
aircraft on the route with the single curved turn (as in
Fig. 6 with R > R,,;,) with a maximum heading change

of ¢ < /2, the minimum separation distance D between
arriving aircraft (on the straight segment) should satisfy

5 Dsep — 2Rsin(%)
¢

cos(%)

. . D
; TR 6<¢ =5 O

and

&
Vv

2R sin™* ([;sg’> it ¢ > ¢" (10)

Fig. 6.

Single curved-turn case.

where the two conditions are equivalent at the critical angle
when ¢ = ¢*. Turn angle ¢ less than ¢* will be referred
to as scenario 1 and turn angle ¢ greater than ¢* will be
referred to as scenario 2 .
Proof: The proof is divided into four steps.

Step 1: Distance decreases during the turn  The distance
between the forward aircraft a; and an aft aircraft as
that were separated by distance D in the straight portion
decreases as aircraft a; starts turning along the circular arc,
while the aft aircraft as is still on the straight path as in
Fig. 6. To show this, consider the distance d, 4, between the
two aircraft when the heading change of ¢ < ¢* is completed
by the first aircraft a; as in Fig. 6 given by

dahaz (¢) =

/(D — Ré + Rsing)? + (R — Reos ¢)?
if ¢<¢"

1D
which follows from the right angled triangle a; Aay because
the length of the arc Ba; is R¢, path distance between the
two aircraft is D due to the constant speed assumption, and
thereby, the distance dp 42 is D — R¢. If the turn angle 6
completed by the aircraft a; satisfies 0 < 6 < ¢ < ¢*, then
the same expression holds with ¢ replaced by 9, i.e.,

duy.as(8) = /(D — R(O — sin9))? + (R — Reos0)? (12)
with the derivative of the distance-squared given by

A day.a,(0))> = —2R(D— RO) (1 — cosb)
< 0 if0<¢p<¢* and ¢ <mw/2
(13)
because D = R¢* > RO — see definition of ¢* in Eq. (9).
Thus, the distance dg, ., between the aircraft is decreasing
as 0 increases until 0 = ¢ < ¢*.

Step 2: Minimum distance for scenario 2 The rate of
change in distance with turn angle (the derivative in Eq. 13)
becomes zero if § = ¢* which can occur if the heading angle
change ¢ desired is greater than ¢*. The minimal distance,
reached when the turn angle becomes § = ¢* is given by
(from Eq. 11)

day.a>(97)

V/(Rsing*)2 + (R — Rcos ¢*)2
V2R2(1 — Rcos ¢*)

= 2Rsin %*
The Lemma’s condition (in Eq. 10) for scenario 2 follows
by setting Dsep < dg, 0, (¢*) in Eq. (14) and rearranging
the terms.

(14)
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Step 3: Location for minimum distance for scenario 1

The following shows that the minimum distance between
two aircraft occurs when both aircraft are on the straight-line
segment, equidistant from the curved path. To show this,
the distance dg,, q,, between aircraft a;; and as; (general
non-equidistant case — see Fig. 7) is compared to the
distance d,,, q,, between aircrafts a2 and ase (symmetric,
equidistant case) where the distance between a2 and point
C as well as a9o and point B are the same length x.

Fig. 7. General distance between aircrafts during single turn when forward
aircraft has passed the curved path of the turn. Distance between the aircraft,
dayy,az,» Tepresents the non-equidistant case, and and distance da,s,a05
represents the symmetric, equidistant case.

By geometry, the angle /CDB (shared by triangles
Aai1Das; and AajsDags) is ™ — ¢ since two of the angles
in the quadrilateral CDBO are /2. Then, the distances
between the aircraft, d,,, q,, (non-equidistant case) and
days,a0, (Symmetric, equidistant case), can be found by using
the law of cosines as shown below.

dgu,am = d%an + d%am - 2dDaudDazl COS(W - (b)
= 2(z+ 2)%(1 + cos(¢)) + 262(1 — cos(¢))
(15)
dilQQZZ = dZDau + d2Da22 - 2dDa12dDa22 COS(’R— - ¢)
= 2(z+ 2)%(1 + cos(e))
(16)

The differences between the two distances, the non-
equidistant case and the symmetric equidistant case, can be
found by subtracting Eq. (15) and Eq. (16) to obtain

d2 —d?

a11,a21 12,022

= 26%(1 — cos ¢) > 0. (17)

Therefore, from Eq. (17) the symmetric, equidistant case has
the smallest distance for aircraft pairs during the single-turn
case under scenario 1. This minimum distance dg,,,q,, can
be found by adding the three distances dg,,,r, dgr, and
dq,, 7, Where distance d,,,g is the same as distance d,,,F
by symmetry.

Step 4: Minimum-distance expression for scenario 1 Note
that the travel distance between a;» and aso is D. Since
the arc length of the turn, between point B and point C' in
Fig. 7, is R¢, distance x is found to be %(E — R¢). Due
to symmetry in geometry, AOEF is an isosceles triangle.
Since ZFOF is the turn angle ¢, the angles Za;2EC, and
/Ea15C are found as m/2—¢/2 and ¢/2, respectively. From

the right-angled triangle AFaq12C,

1 —
dCE :dBF = §tan(¢/2)(D—R¢) (18)
_ _1D-R¢
da12E - da22F - 2 COS(¢/2) . (19)

Since the distances dpc,dop are the turn radius R, from
Eq. (18),

dog =dor =R—-—dcg =R-— %tan(gﬁ/Z)(D — Ro)

(20)
Next, from AOFEF, the distance dgpr between points £ and
F' can be found by using the law of sines as

dgr dog
sing  sin(n/2 — ¢/2)’

Substituting for distance dpg from Eq. (20) into the above
equation leads to

21

(R—1 tan(¢/2)(D—R¢)) sin ¢

dgr = sin(ﬂ/27¢{2 /) (22)
= 2Rsin(¢/2) — 2 %2 (D — R¢)

Then, the minimal spacing between aircraft can be found as
da12ﬁa22 = da12E +dgr + da22F (from Eqgs. 19,22)
d

(D — R¢) cos(¢/2) + 2Rsin(¢/2) (23)

a12,a22

which results in the condition (in Eq. 9) for scenario 1 of
the Lemma by setting d, > Dgep in Eq. (23) and
rearranging the terms.

12,022

Consecutive Turn Analysis: A general conflict resolution
algorithm could have multiple consecutive turns; the conflict-
free single turn analysis can be used to show existence of
conflict-free multiple turns provided each turn is sufficiently
separated from each other, as stated below.

Lemma 3 (Decoupled Consecutive Turns): Consider
two consecutive turns of a route as shown in Fig. 4 with the
straight segments tangential to the curved paths. If conditions
of the single turn Lemma 2 are satisfied for each of the turns
inside the consecutive turn maneuver shown in Fig. 4, then
the consecutive turn maneuver is conflict free as long as the
straight segment in between the two turn arcs is sufficiently
large.

Proof: The proof follows by choosing a straight line
segment Up1Ups Of length Dgecoupte > D, which decouples
the conflicts in the two turns into two single turn cases. MW

Remark 6: A large straight line section between the turns
is only used to establish the existence of a conflict-free
solution. In practice, this distance should be chosen as
small as possible to reduce the space needed for the turn
maneuvers.
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B. Flow Intersect Procedure

The following Lemma shows that the splitting of each
route into three paths allows for a conflict-free intersection.

Lemma 4: Aircraft that arrive synchronized do not have
conflicts with each other in the intersection area (marked
by D, in Fig. 2 for Route R;) with the use of the path
assignment procedure in Definition 2 if the path lengths from
the arrival points to the straight line segments are all equal.

Pattern 1

Pattern 2
11 Ris Rz

Pattern 3

i
V3 Vio Viy
Pattern 4 Pattern 5
11 Rz Rip g Ris Rip
rara- N

V3 Vio Viz

Vi Vg Va7 V3 Vo Vi Vi ovio vi7

Fig. 8. All possible positions of aircraft whenever an aircraft arrives at a
start of the straight line segment of the intersection in Fig. 2.

Proof: If the path lengths from the arrival points to
the beginning of the straight line segments (e.g., from v
to vs or from wey to vos in Fig. 2) are all equal, then
all possible positions of other aircraft whenever an aircraft
enters a straight line segment are shown in Fig. 8. Some of
the potential aircraft positions (at the discrete time instants)
shown in Fig. 8 may be empty, i.e., they might not have an
aircraft; however, aircraft cannot occupy any other location
due to (a) arrival synchronization; and (b) equidistant path
lengths to the straight line segments from the arrival points
v1 and vas.

Fig. 9. (a) Relative motion of aircraft a1 with respect to aircraft by for
perpendicularly intersecting flows. (b) Minimum separation dg, between
aircraft to avoid conflict using relative motion of aircraft a1 with respect to
aircraft by

Let two perpendicularly intersecting route [; and Ry
have aircrafts all travel with the same speed as shown in
Fig. 9. Each aircrafts within its flow route are separated
by distance dgpo > Dgep. The relative motion of aircraft
ap relative to by is described as v,1 — vp1, shown in Fig.

9 (a), which is oriented 45 degrees from route Rs (since
all aircrafts travel with the same speed and route R; and
Ry are oriented perpendicular to each other). The relative
motion of the protection circle centered at a; of diameter
Dy, generates the shaded area in Fig. 9(a). Here, there will
be no conflict between the aircrafts if the protective circle
centered around aircraft by, does not intersect this shaded
area, i.e., provided
Dsep

sin(45°)
Splitting each route into three paths can enable the spacing
between aircraft on each path to be increased by three times
(i.e., 3D) which is sufficiently large to develop conflict-free

intersections for the perpendicular paths (say, R; 1 and R ;
in Fig. 8) since

3D > 3Dyep > 2V2Dyep = dgoo.

dgoo = 2( ) == 2\/§Dsep (24)

|

Thus, the above approach develops a CRP that can be

designed in a decentralized manner while accounting for
aircraft turn dynamics.
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