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Abstract—In this letter, a self-triggered based coordinate con-
trol scheme with low communication requirements is investigated
for a team of unmanned aerial vehicles (UAVs) collaboratively
transporting a suspended payload. In most existing research on
collaborative transportation, the limited communication ability of
physical devices has rarely been studied. Hence, this letter sug-
gests a self-triggered cooperative path-following coordinate control
scheme for UAVs traveling along a given desired path and syn-
chronously carrying out transportation mission. It is proven that
the proposed coordinate control scheme can make communication
discrete, thereby significantly reducing the amount of communi-
cation. The results of outdoor experiments verify the feasibility
of the proposed strategy, and low-frequency communication is
demonstrated.

Index Terms—Aerial systems: applications, multi-robot systems,
field robots, intelligent transportation systems.

I. INTRODUCTION

A. Motivation

UNMANNED aerial vehicles (UAVs) have played an active
role in various aerial cooperative tasks, such as cooperative

search [1], surveillance [2], fixed wing recovery [3]–[4] and
forest firefighting [5]. Collaborative transportation [6]–[12] has
also attracted the interest of many researchers. A team of UAVs
can enlarge the load capacity and manipulate a heavier payload
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than can be handled by an individual UAV. The swinging of the
payload during acceleration can also be prevented, if more than
three UAVs lift the same payload [6].

The communication bandwidth is an important factor in col-
laborative work. An algorithm with low bandwidth can reduce
the requirements of physical communication devices, which is
of great significance to practical engineering applications. The
motivation of this paper is to investigate a coordinate control
scheme with low communication requirements for multi-UAV
collaborative transportation.

B. Related Work

A team of UAVs collaboratively transporting a suspended pay-
load is a complex system. Lee in [6]–[7] analyzed the dynamics
of multiple UAVs tethering a payload, and demonstrated the
high coupling of the motion of the UAVs and the payload. This
high coupling complicates the controller design of the system
[6]–[8].

For outdoor environments, due to the difficulty of obtaining
information about the payload, some researchers [9]–[12] have
simplified collaborative transportation by treating the tension
caused by the payload as external disturbance to UAVs; Klausen
in [10] analyzed the tension disturbance characteristics. In a
constant stable transportation case, the tension disturbance can
be considered a constant bias, and minor disturbance changes
occur when the system acceleration changes.

Cooperative path following (CPF) control [13]–[15] can syn-
chronize the path parameterization variables of each vehicle, and
the vehicles follow the path synchronously. Klausen [12] applied
CPF control to collaborative transportation without considering
communication limitations. However, a low communication ap-
proach is more adaptable to outdoor applications.

It is possible to achieve discrete communication by distributed
event/self-triggered control [16]. Event/self-triggered control
can discretize the control input. If continuous communication
must be avoided, two conditions should be followed: 1) the
calculation of the triggering law must not require continuous in-
formation from neighbor UAVs, and 2) the triggering law should
exclude Zeno behavior [17], which is also a key challenge to the
design of triggering laws. There have been some triggering laws
[18]–[23] proposed, which can exclude Zeno behavior and re-
duce the communication, but these triggering laws require some
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modifications for CPF. Both the author of [19] and [21], consid-
ered a leader-following strategy for an event-triggered bipartite
consensus, but leader-following strategy is not necessary for
CPF. The author in [20] considered measurement noise in event-
triggered bipartite consensus. However, the selection of param-
eters of triggering law is limited and complex in [20] and [21].

Meanwhile, some researchers have successfully applied
event/self-triggered control to CPF [24]–[25]. Inspired by the
work by Fan [22], Jain in [24] addressed a hybrid self-triggered
CPF control scheme for the UAV formation problem, but the
calculation of triggering time is aggressive for actual application.
Due to the estimation method used, the triggering interval may
be very large. The perfection of the physical communication
device is required to support the achievement of consensus.
Therefore, from an engineering perspective, the method in [24]
may not suitable for practical application. Jain in [25] proposed
an event-based CPF for the formation of a team of autonomous
surface vehicles (AUVs), which aims to reduce communication,
but the Zeno behavior was not analyzed.

C. Contribution

The main contribution of this paper is the presentation of a
distributed coordinate control scheme for multi-UAV collabora-
tive transportation that has low communication requirements, as
well as the experimental verification of the proposed strategy in
an outdoor environment. In this work, low-frequency communi-
cation is the prime consideration. The tension caused by the pay-
load is treated as disturbance to the UAVs. A self-triggered CPF
control scheme is developed for UAVs synchronously traveling
along a given desired path. The proposed self-triggered control
is proven to exclude Zeno behavior, which guarantees discrete
low-frequency communication between UAVs. Compared with
[12], the communication frequency can be significantly reduced.
Compared with [24], the proposed algorithm is conservative
for safe application and verified by experiments. Moreover,
compared with [25], proposed algorithm is proven the Zeno
behavior will not happen, which theoretically guarantees the
discontinuity of communication.

The remainder of this paper is organized as follows. The
detailed problem is described in Section II. Then, in Section III,
a self-triggered coordinate control scheme with low communi-
cation requirements is addressed, and its stability is analyzed.
The proposed self-triggered coordinate control scheme is proven
without Zeno behavior. Further, in Section IV, a simulation is
done to verify proposed self-triggered coordinate control and
compare with the continuous approach. Finally, the detailed
configuration of the experimental system, the scenario of the
transportation mission, and the experimental results are reported
in Section V.

II. PRELIMINARIES AND PROBLEM STATEMENT

A. Graph Theory

A directed graph G is a pair (V ,E), where V = {v1, . . . , vN}
is a non-empty finite set of nodes and E ⊆ V × V is a set of
ordered pairs of nodes, called edges. An edge (vj , vi) represents

Fig. 1. Three tethered UAVs collaboratively transporting a payload.

the communication path from node vj to node vi meaning the
node vj is one of the neighbors of node vi, and is defined as

aij > 0 ⇔ (vj , vi) ∈ E ,
aij = 0 ⇔ (vj , vi) /∈ E ,

where A = [aij ] ∈ RN×N is the adjacency matrix of
graph G. In general, aii = 0 is defined. The set N i =
{ j ∈ V : (vj , vi) ∈ E } contains all neighbors of node vi.

The degree matrix D of graph G is defined as

D = diag (d1, d2, . . . , dn) ,

di =

n∑
j=1

aij =
∑
j∈Ni

aij .

The Laplacian matrix L = [lij ] ∈ RN×N is defined as:

L = D −A =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

∑
j∈N1

a1j −a12 · · · −a1n

−a21
∑

j∈N2

a2j · · · −a2n

...
...

. . .
...

−an1 −an2 · · · ∑
j∈Nn

anj

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦
.

Lemma 1 ([26]): If a graph is connected, then its Laplacian
matrix L is positive semidefinite. The following inequality
holds:

0 ≤ ρ2 (L)
(
In − 1

n
1n1

T
n

)
≤ L,

where ρ2(L) indicates the minimum positive eigenvalue for L.

B. Problem Description

As shown in Fig. 1, consider n(n ≥ 3) UAVs collaboratively
transporting a payload. A mission path pd

mission(γ) ∈ R3 and
transportation formation rdi (γ) ∈ R3 are given for the team of
UAVs.

The desired path pd
i (γ) of each UAV is

pd
i (γ) = pd

mission (γ) + rdi (γ) . (1)
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Because there is no coordinator in the system, each UAV may
start the mission at different times tistart. Two types of important
times in a transportation mission are subsequently defined.

Definition 1 (Absolute Mission Time): The absolute mission
time t is the same as the usual time in the real world. The assess-
ment of the transportation experimental results is conducted in
absolute mission time.

Definition 2 (Local Mission Time): The local mission time
γi(t) refers to the path-following times of different UAVs.
γi(0) = 0, and γi(t) is defined as

γ̇i (t) =

{
0 t ≤ tistart
μi (t) + υd t > tistart

(2)

where υd = 1 and μi(t) is an extra input used to synchronize
the local mission time γi(t) with those of other UAVs.

Remark 1: In general, in CPF (e.g., [12], [24]–[25]), the path
parameter γi(t) is in charge of a speed υd, as shown in (2).
Becausepd

mission(γ) is usually designed bypd
mission(t), a local

mission time is defined by setting υd = ṫ = 1. A similar setting
was used in the research by [14].

In this paper, the tension caused by the payload is treated
as external disturbance to the UAVs, which can be rejected by
individual UAV position control. The synchronization and coor-
dination of UAVs should be considered as a consensus problem.
Hence, the collaborative transportation problem is separated into
two sub-problems, as following.

Problem 1 (Path-Following Problem): Each UAV tracks the
desired path pd

i (γi(t)) in the presence of tension and wind
disturbance.

Problem 2 (Local Mission Time Coordination Problem): The
UAVs follow their desired path synchronously, which means the
consensus of the local mission time, |γi(t)− γj(t)| → 0.

Problem 1 is a classical position tracking problem under an
unknown tension and wind disturbance of a UAV. This topic
has been widely studied [28]–[29]. For Problem 2, this paper
suggests a self-triggered coordinate control with low communi-
cation requirement.

III. SELF-TRIGGERED COORDINATE CONTROL DESIGN

This section focuses on Problem 2 defined in Sec II. The de-
sired path pd

i (γi(t)) is only known to the i-th UAV, which starts
the mission at absolute mission time tistart, that γ(tistart) = 0.

If each UAV shares a coincident local mission time, that
γi(t) = γj(t), the UAVs will travel along the given desired path
pd
i (γi(t)) synchronously.
A classical consensus protocol ([27]) for system (2) is given

as follows:

μ (t) = −kcLγ (t) . (3)

It is evident that (3) requires continuous state information
from the neighbor UAVs, but the communication ability of the
physical device is always limited. Thus, a discrete protocol
can be a superior choice. If the i-th UAV only broadcasts its
state information at its triggering time {tik}∞k=1, the discrete

consensus protocol is

μi (t) = −k

n∑
j=1

lij
�

γ j (t), (4)

where k > 0 and
�

γ j (t) = γj

(
tjk

)
+ 1
(
t− tjk

)
t ∈
[
tjk, t

j
k+1

)
.

When i-th UAV starts the mission, the first triggering time is
determined to be ti1 = tistart .Here consider a self-triggered way
to determine the triggering time sequence {tik}∞k=2:

tik+1 = max
r≥tik

{
r : |ei (t)| ≤ α√

lii
e−

β
2 t ∀t ∈ [tik, r)

}
, (5)

where ei(t) =
�

γ i(t)− γi(t), α > 0 and β > 0.
Theorem 1: Under an undirected graphG, consider the system

(2), the local mission time γi(t) of the UAVs will achieve
consensus by the self-triggered control (4) with the triggering
time determined by (5), and no Zeno behavior will happen.

Proof: i). First study the consensus of γi(t).
Consider the average:

γ̄ (t) =
1

n

n∑
i=1

γi (t). (6)

The derivative of γ̄(t) is

˙̄γ (t) =
1

n

n∑
i=1

γ̇i (t) = 1 +
k

n

n∑
i=1

n∑
i=1

lij
�

γ i (t)

= 1 +
k

n

n∑
i=1

n∑
i=1

lijei (t) +
k

n

n∑
i=1

n∑
i=1

lijγi (t) = 1.

(7)

Define

δi (t) = γi (t)− γ̄ (t) . (8)

Consider such a Lyapunov function:

V (γ (t)) =
1

2
γT

(
In − 1

n
1T1

)
γ

=
1

2

n∑
i=1

(γi (t)− γ̄ (t))2

=
1

2

n∑
i=1

δ2i (t). (9)

The derivative of V (γ(t)) along system (2) is

V̇ (γ (t)) =

n∑
i=1

(γi (t)− γ̄ (t)) (γ̇i (t)− ˙̄γ (t))

=

n∑
i=1

(γi (t)− γ̄ (t))

⎛
⎝−k

n∑
j=1

lij
�

γ j (t) + 1− 1

⎞
⎠

= −k

n∑
i=1

γi (t)

n∑
j=1

lij
�

γ j (t).
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Consider the consensus:
n∑

i=1

qi (t) = −
n∑

i=1

1

2

n∑
j∈Ni

lij(γi (t)− γj (t))
2

= γT (t)Lγ (t) . (10)

Then,

V̇ (γ (t)) = −k

n∑
i=1

γi (t)

n∑
j=1

lij
�

γ j (t)

= −k

n∑
i=1

γi (t)

n∑
j=1

lij (γj (t) + ej (t))

= −k
n∑

i=1

qi (t)− k
n∑

i=1

ei (t)
n∑

j=1

lijγj (t)

≤ −k

2

n∑
i=1

qi (t) + k

n∑
i=1

liie
2
i (t).

According to (5) and Lemma 1, we have

V̇ (γ (t)) = −k

2
γT (t)Lγ (t) + k

n∑
i=1

liie
2
i (t)

≤ −k

2
ρ2 (L)V (γ (t)) + nkα2e−βt

≤ −κV (γ (t)) + C, (11)

where κ = k
2ρ2(L) > 0 and C = nkα2 > 0.

This implies that system (2) will reach consensus under the
discrete protocol (4) with the triggering time sequence deter-
mined by (5).

Remark 2: (11) implies γi(t) will converge to the neighbor-
hood of γ̄(t), and the size of the neighborhood is related to
nkα2e−βt.k and the parametersα andβ of triggering law (5) can
impact the performance of proposed self-triggered control (4).
On the other hand, the continuous protocol (3) will converge to
γ̄(t), which implies the continuous protocol will certainly have a
better performance than self-triggered control. Hence, as a cost
of convergence performance, communication requirement can
be reduced under proposed self-triggered control. For users, the
parameters should be adjusted according to the allowable con-
vergence neighborhood. A trade-off between communication
reduction and convergence performance should be considered.

ii). Next, Zeno behavior will be analyzed. The lower bound
of triggering intervals will be proved to be a positive constant.

Solve (11), we have

V (γ (t)) ≤ c1e
−κt + c2e

−βt, (12)

where,

c1 =

{
V (γ (0))− nα2

κ−β κ �= β

V (γ (0)) κ = β
,

c2 =

{
nα2

κ−β κ �= β

nα2t κ = β
.

Notice

γi (t)− γj (t) = (γi (t)− γ̄ (t))− (γj (t)− γ̄ (t))

= δi (t)− δj (t) .

Now estimate the upper bound of |μi(t)|,

|μi (t)| =
∣∣∣∣∣∣k

n∑
j∈Ni

�

γ j (t)

∣∣∣∣∣∣ =
∣∣∣∣∣∣k

n∑
j∈Ni

(δj (t)− ej (t))

∣∣∣∣∣∣
≤
∣∣∣∣∣∣k

n∑
j∈Ni

δj (t)

∣∣∣∣∣∣+
∣∣∣∣∣∣k

n∑
j∈Ni

ej (t)

∣∣∣∣∣∣ .
According to (12), there exist a finite constant M =

supt>0(V (γ(t))).
Consider∣∣∣∣∣∣k

n∑
j∈Ni

δj (t)

∣∣∣∣∣∣ ≤
∣∣∣∣∣∣k

n∑
j=1

δj (t)

∣∣∣∣∣∣ ≤
√

k
∑n

i=1 δ
2
i (t)

n
≤
√

2kM

n
.

According to (5), we have∣∣∣∣∣∣k
n∑

j∈Ni

ej (t)

∣∣∣∣∣∣ ≤ kα
√
liie

− β
2 t ≤ kα

√
lii.

Thus,

|μi (t)| ≤
∣∣∣∣∣∣k

n∑
j∈Ni

δj (t)

∣∣∣∣∣∣+
∣∣∣∣∣∣k

n∑
j∈Ni

ej (t)

∣∣∣∣∣∣
≤
√

2kM

n
+ kα

√
lii = μsup.

Consider any triggering time of ith-UAV tik > 0. The lower
bound of the error |ei(t)| is

|ei (t)| =
∣∣�γ i (t)− γi (t)

∣∣
=

∣∣∣∣∣−
∫ t

tik

μi (t) dt

∣∣∣∣∣ ≤ (t− tik
)
μsup. (13)

According to (5) and (13), Consider any triggering interval
τ = (t− tik),

τ ≥ |ei (t)|
μsup

≥ α

μsup

√
lii

e−
β
2 τ . (14)

According to the increase and decrease of exponential func-
tion and first order function. There exist an unique positive
constant solution τinf > 0 for (14). This solution τinf also is the
lower bound of triggering intervals, which means Zeno behavior
will not happen.

Remark 3: As shown in Fig. 2. Proposed self-triggered coordi-
nate control is the only component that requires communication.
UAVs only send their states to their neighbors at their triggering
time sequence determined by (5). Because (5) only depends on
i-th UAV’s own states, proposed coordinate control scheme is
called self-triggered.
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Fig. 2. Communication Data flow of the system.

Fig. 3. Communication topology of the UAVs.

Fig. 4. Comparison between self-triggered and continuous approach.

Remark 4: It is proven that Zeno behavior will not happen.
Hence, the triggering time sequence is proven to be discretized.
Further, continuous communication is also avoided.

IV. SIMULATION

In this section, a simulation was conducted to verify proposed
self-triggered coordinate control in Sec III. For a same consensus
problem, the continuous method and the proposed self-triggered
method were used.

The parameters of continuous control (3) was kc = 0.5. The
parameters of proposed self-triggered control (4) and (5) were
selected as k = 0.5 , α = 0.5 and β = 2.

The communication topology of the three UAVs is presented
in Fig. 3.

In simulation, the start time of three UAVs are set as t1start =
2 s, t2start = 4 s and t3start = 7 s. Fig. 4 showed the results
of two kinds of method. The convergence process of the two
methods was similar, and both can achieve consensus.

Fig. 5. Triggering times in simulation.

Fig. 4 also presented the details performance of the consensus
phase (20 s∼30 s). The continuous method was better than self-
triggered. The theoretical analysis of causes has been addressed
in Remark 2. As shown in Fig. 5, in 30 seconds of simulation,
three UAVs only broadcasted their local mission time γi(t) 18,
18 and 12 times, respectively. The amount of communications
was evidently reduced under proposed self-triggered control,
and an acceptable consensus was also achieved.

Hence, According to the comparison results, it can be con-
cluded that the proposed self-triggered method can also achieve
the similar performance of continuous method. And proposed
self-triggered control can effectively reduce the amount of com-
munications.

V. EXPERIMENTAL RESULTS

Experiments were performed to investigate the effectiveness
of the approach proposed in Sec III.

The control parameters in Sec III were selected as k = 0.5,
α = 0.5 and β = 2.

A. Experimental System Description

The utilized UAVs were DJI Matrice 2101 (M210). M210 is a
powerful aerial platform, which equipped with external distur-
bance rejection ability. DJI Technology Co. provides the Mobile

1.https://www.dji.com/cn/matrice-200-series
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Fig. 6. Experimental system and data flow in physical devices.

SDK2 (MSDK) for developers to control the M210. When
developers use MSDK, the control input is the desired velocity of
M210, and M210 will track the inputted desired velocity under
external disturbance. A feedback control is designed for UAV
position tracking (Problem 1).

Corresponding to Fig. 2, Fig. 6 presents the information flow
of the practical experiment. The control program was installed
on Android control Pads. To achieve the consensus of the local
mission time γi(t) (Problem 2), the Pads communicated with
each other via wireless local area networks (WLANs). Addi-
tionally, by transferring via remote control, each control Pad
could obtain the flight data of the UAV and send command to
achieve path-following (Problem 1). Besides, there was a Pad
utilized for global measurement in absolute mission time. This
Pad did not participate in the mission, and only collected control
and flight data for the analysis of the results in unified absolute
mission time.

B. Transportation Mission Scenario

The transportation mission scenario was three UAVs collab-
oratively transporting a 1.7kg payload along the mission path
with a fixed formation. Different UAVs started the mission at
different absolute mission times.

Each UAV was connected to the payload by a cable of length
14m. Due to the length of tethered cable were same, we just gave
a regular triangle on the horizontal plane with a side length of

2.https://developer.dji.com/mobile-sdk

Fig. 7. The derivative of the mission path.

12m formation to UAVs.

⎧⎪⎨
⎪⎩

rd1 =
[
0 6

√
3 0
]T

rd2 =
[−6 −3

√
3 0
]T

rd3 =
[
6 −3

√
3 0
]T

As shown in Fig. 3, the communication topology of UAVs in
experiment is same as configuration of simulation in Section IV.

Synchronization is very important in UAVs collaborative
transportation. If one UAV had risen ahead of others, accident
might occur due to the tethered cable. Hence, for safety reasons,
a period of low altitude hovering was consider in transportation
mission path pd

mission(γ) design for waiting the reduction of
consensus error of local mission time.

The mission path is designed as a continuous smooth and
bounded.

ṗd
mission (γ) =

[
ẋd
mission (γ) ẏ

d
mission (γ) ż

d
mission (γ)

]T
,

ẋd
mission (γ) = v (γ) cos

(− ∫ γ

0 v (τ) dτ

30

)
,

ẏdmission (γ) = v (γ) sin

(− ∫ γ

0 v (τ) dτ

30

)
,

żdmission (γ) =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

0 γ ∈ [0, 5) ∪ [22,+∞)

1− cos
(

2(γ−5)
π

)
γ ∈ [5, 10)

2 γ ∈ [10, 17)

1 + cos
(

2(γ−17)
π

)
γ ∈ [17, 22)

,

v (γ) =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

0 γ∈ [0, 15)∪[105,+∞)

1− cos
(

2(γ−15)
π

)
γ ∈ [15, 20)

2 γ ∈ [20, 100)

1 + cos
(

2(γ−100)
π

)
γ ∈ [100, 105)

.

Note that ẋd
mission(γ) and ẏdmission(γ) are components of

v(γ), and the horizontal motion speed of mission path is deter-
mined by v(γ), holding

√(
ẋd
mission (γ)

)2
+
(
ẏdmission (γ)

)2
= v (γ) .

The derivative of the mission path is shown in Fig. 7, and the
entire path is presented in Fig. 8.
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Fig. 8. Path of collaborative transportation.

Fig. 9. Consensus of local mission times γi.

Fig. 10. Local mission times γi.

C. Experimental Results Analysis

The experimental results were collected and recorded by the
global measurement Pad (shown in Fig. 6) in unified absolute
mission time.

As determined from the experimental results, three UAVs
respectively started mission at 37.4 s, 43.5 s and 49.7 s, and
all UAVs finished the transportation mission path at 160 s.

The overall transportation mission path is presented in Fig. 8.
UAVs first rose and then entered a circular transportation path.
For most of the transportation mission time, UAVs traveled
synchronously. Fig. 13 presented the formation keeping error
also remained within a small range during the mission, which
was due to the well synchronization of the UAVs, and which
also ensured the safety of transportation. The consensus of the
local mission times was shown in Fig. 9 and Fig. 10. After all

Fig. 11. Input of self-triggered coordinate control μi.

TABLE I
COMPARISON OF SELF-TRIGGERED AND CONTINUOUS APPROACHES

Fig. 12. Triggering times of UAVs.

UAVs started the mission, γi soon reached and maintained in
consensus. From 37 s to 60 s, as shown in Fig. 10 and Fig. 11,
the input μi made a significant contribution to the consensus.
UAVs adjusted the speed of their local mission time γ̇i by (2).
After consensus was achieved,μi tended to zero. Compared with
the simulation in Section IV, the consensus performance was
inferior for the reason of network communication time delay.
According to the test, delay of WIFI network is generally around
100 ms. Small WIFI delay has limited impact on consensus. The
synchronization of UAVs still held good enough performance,
which can be seen in the video. However, from a theoretical
point of view, time delay is a problem worth exploring. We will
do some work in this theme on the future.

The running period of the control program in the Android
Pads was 0.1s and the coordinate control (4)–(5) period was also
0.1s. For continuous approach, each Android Pad will broadcast
its local mission time γi every control period. As exhibited in
Table I, the UAV durations of mission are 110.3 s, 116.5 s and
122.6 s, respectively. Therefore, theoretically, the amount of
data broadcast required by the continuous approach is more than
1000 times. However, Fig. 12 presented the proposed discrete
communication in experiment. Three UAVs broadcasted data
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Fig. 13. Formation keeping error.

only 41, 54 and 62 times, respectively. Compared with the
continuous approach, the communication requirement was re-
duced by more than 94% via the proposed discrete self-triggered
algorithm.

VI. CONCLUSION

In this work, a self-triggered cooperative path-following co-
ordinate control scheme for collaborative transportation by a
team of tethered UAVs was developed. The proposed method
can discretize the communication between UAVs, which greatly
reduces the burden on physical communication devices. An
outdoor experiment was conducted to validate the effectiveness
of the proposed method, and the results demonstrated that the
UAVs could collaborative transport a payload along the given
mission path synchronously. Additionally, the communication
requirement was found to be reduced by more than 94% as
compared with the continuous approach.

The time delay and pocket lost problem in self-triggered CPF
may be studied in future work. It would also be interesting to
investigate a control approach with low communication require-
ments without a pre-defined mission path.
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