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LETTER

Effectiveness of information transfer on control quality of CSMA/CA-based
autonomous decentralized control
Kentaro KobayashiA1, a), Ryota Kimura2, and Wataru Chujo A1

Abstract In autonomous decentralized control of mobile agents such
as robots and drones, packet loss that occurs in wireless communication
has a significant impact on control performance. This paper proposes a
simple information transfer method for CSMA/CA(Carrier Sense Multiple
Access with Collision Avoidance)-based autonomous decentralized control
to compensate for information lost due to communication failures. We
evaluate the effectiveness of information transfer on control performance
in two typical classes of autonomous decentralized control, i.e., consensus
control and covered control, by computer simulation, and show that the
improvement of control quality can be achieved regardless of the number
of controlled agents and the contention window size of CSMA/CA.
Keywords: Wireless control, CSMA/CA, autonomous decentralized con-
trol, distributed control, consensus control, coverage control
Classification: Wireless communication technologies

1. Introduction

Autonomous distributed control, where the behavior of an
entire system is determined by the interaction of only lo-
cal autonomous mobile robots and drones (called agents),
has attracted attention in the control field and is expected
to be used in various situations such as agriculture and
building inspection [1]. When the agents exchange state
information via wireless communication, the degradation of
control quality due to communication failure becomes a sig-
nificant problem. Most research has been conducted to de-
sign control methods to reduce the effects of communication
failure [2, 3, 4] assuming a certain probabilistic communi-
cation channel. In autonomous decentralized control using
contention-based medium access such as CSMA/CA(Carrier
Sense Multiple Access with Collision Avoidance), the num-
ber of agents within the communication range changes as the
agents move, resulting in varying probabilities of communi-
cation failure due to packet collisions. To reduce communi-
cation failures in CSMA/CA-based autonomous decentral-
ized control, the methods of adjusting the transmission prob-
ability [5] and the backoff time [6, 7] have been proposed.
However, while these methods have reduced communication
failures, they have not considered compensation for the lost
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information. These studies have focused only on consen-
sus control, which is one of the fundamental problems of
autonomous decentralized control, and their application to
other problems has not been discussed together.

This paper proposes a simple information transfer method
to compensate for the state information lost due to commu-
nication failures. Each agent not only transmits its own
state information to adjacent agents, but also simultaneously
transfers state information received from adjacent agents to
achieve better control input. The concept of the information
transfer itself is similar to packet forwarding in the research
field of ad hoc networks, but has not been well discussed for
autonomous decentralized control. In this paper, two typical
control problems, consensus control and coverage control,
are discussed together to clarify the effectiveness of informa-
tion transfer. Simulation results show that the information
transfer improves the quality of both consensus control and
coverage control.

This paper is organized as follows: Section 2 describes the
control and communication models. Section 3 describes the
details of the proposed information transfer method. Section
4 presents the numerical results of computer simulations.
Section 5 summarizes the conclusions.

2. System model

2.1 Control model
This paper deals with two typical autonomous decentralized
control problems: One is the consensus control problem, in
which multiple autonomous mobile agents move based on
position information obtained from adjacent agents within a
communication range and reach a single consensus position
that is the average of their initial positions; the other is the
coverage control problem, where, as in the consensus control
problem, multiple autonomous mobile agents communicate
and move to reach positions that are the centroids of Voronoi
regions. Examples of the two control problems are shown in
Fig. 1, where the initial positions of the agents are depicted
as gray circles, the converged positions as red circles, and
the movement trajectories as solid lines.

In both cases, the 𝑖-th agent (𝑖 ∈ {0, 1, · · · , 𝑁} and the
number of agents is 𝑁) is assumed to be represented by the
following state equation:

x𝑖 [𝑘 + 1] = x𝑖 [𝑘] + u𝑖 [𝑘] (1)

where x𝑖 [𝑘] and u𝑖 [𝑘] are two-dimensional vectors repre-
senting state information and control input at the 𝑘-th con-
trol period (one control period is 𝑇), respectively. The state
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(a) Consensus control (b) Coverage control

Fig. 1 Considered control problems.

means position in a two-dimensional plane, and each agent
moves linearly at a constant speed not exceeding the max-
imum speed 𝑣max. According to the control period, each
agent periodically broadcasts a packet containing its own
position information x𝑖 [𝑘] to agents within the communica-
tion range defined by radius 𝑅. The communication protocol
follows CSMA/CA as described in 2.2.

In the consensus control, u𝑖 [𝑘] of the 𝑖-th agent is given
by (2) using its own position x𝑖 [𝑘] and the position x 𝑗 [𝑘]
received from adjacent agents within the current control
period.

u𝑖 [𝑘] = −
1

|N𝑖 [𝑘] | + 1

∑
𝑗∈N𝑖 [𝑘 ]

(x𝑖 [𝑘] − x 𝑗 [𝑘]) (2)

where N𝑖 [𝑘] is the set of adjacent agents whose packet was
successfully received within the control period, and |N𝑖 [𝑘] |
is the number of the adjacent agents. Consensus can be
achieved by determining its own control input for each con-
trol period, and from arbitrary initial positions, the all agents’
positions converge to the average of the initial positions.

In the coverage control, u𝑖 [𝑘] of the 𝑖-th agent is given
by (3) using its own position x𝑖 [𝑘] and the centroid of a
Voronoi region constructed by x𝑖 [𝑘] and x 𝑗 [𝑘] received
from adjacent agents within the current control period.

u𝑖 [𝑘] = −𝐾
(
x𝑖 [𝑘] − 𝐶𝑖 ({x𝑖 [𝑘], x 𝑗 [𝑘] | 𝑗 ∈ N𝑖 [𝑘]})

)
(3)

where 𝐾 is an arbitrary gain and is set to 1/2, and 𝐶𝑖 (·) is
the centroid of the Voronoi region to which the 𝑖-th agent
belongs. Coverage can be achieved by determining its own
control input for each control period, and from arbitrary
initial positions, the position of each agent converges to the
centroid of the Voronoi region to which it belongs.

2.2 Communication model
According to the control period, each agent periodically
broadcasts a packet containing position information once
per control periodto agents within the communication range
defined by radius 𝑅. For simplicity, it is assumed that the
packet can reach up to the communication range.

The agents transmit and receive position information to
and from adjacent agents using broadcast communication
with CSMA/CA based on IEEE802.11DCF. First, carrier
sensing is performed, and if no signal is detected in the
communication range (i.e., the channel is idle) for a DIFS
duration, the agent transmits the position information packet
after a backoff time has elapsed. This backoff time is given

Fig. 2 Proposed information transfer method.

by 𝑅𝑎𝑛𝑑𝑜𝑚 × SlotTime, where 𝑅𝑎𝑛𝑑𝑜𝑚 is an integer uni-
form random number within [0, 𝐶𝑊] and𝐶𝑊 is a contention
window value. The backoff stops when the channel is de-
tected as busy and resumes when the channel is detected
as idle again for the DIFS duration. The agent is ready
to receive packets except when it is transmitting its own
packet, and the switch between transmitting and receiving
is assumed to be instantaneous. Each agent can detect the
packet transmission in the communication range and can
know the positions of its adjacent agents only if the packet
was received correctly. If the backoff exceeds the control
period due to many transmitting agents in the communica-
tion range, the packet will be discarded. Also, if packet
collisions occur due to the same backoff or the hidden termi-
nals whose communication cannot be detected, the packet
cannot be received. Since the agent performs one-to-many
broadcast communication, it does not return ACK/NACK as
specified in IEEE802.11DCF. Note that in both consensus
control and covering control, it is irrelevant to the agent’s
own control whether its own position information has been
correctly received or not.

3. Proposed method

In both consensus control and coverage control, it is impor-
tant to obtain the position information of adjacent agents.
However, due to the backoff and hidden terminal problem in
CSMA/CA communication, not all the position information
can be obtained. In the proposed method, to compensate
for the lost position information, each agent not only trans-
mits its own position information, but also simultaneously
transfers position information received from adjacent agents
within the previous control period. Figure 2 shows an op-
eration of the proposed information method. It is drawn
focusing on the transfer operation by Agent 1 at time index
𝑘 . Note that Agents 2 and 3 also perform the transfer opera-
tion at 𝑘−1 if they received position information at 𝑘−2, but
the position information at 𝑘 − 2 is irrelevant to the transfer
operation at 𝑘 . Thus, each agent simultaneously transmits
x𝑖 [𝑘] and the positions {x 𝑗 [𝑘 −1] | 𝑗 ∈ N𝑖 [𝑘 −1]}. This al-
lows the agent to receive not only current position x 𝑗 [𝑘] but
also transferred positions {x𝑙 [𝑘 − 1] | 𝑙 ∈ N 𝑗 [𝑘 − 1]} from
its adjacent agent 𝑗 . As shown in Fig. 2, even if the current
position information of an adjacent agent is not received,
it can be compensated by receiving the transferred position
information from the other adjacent agents. The proposed
method differs from a simple single-hop network in the MAC
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layer in that it aggregates the position information received
at each control period and transmits it together with its own
position information in a single packet. Since the received
packets themselves are not transferred, the proposed method
does not increase the number of transmitted packets at all.

The agent uses not only x 𝑗 [𝑘] but also {x𝑙 [𝑘 − 1] | 𝑙 ∈

N 𝑗 [𝑘 − 1]} to obtain better control input. However, the
transferred position information may contain older position
information than that currently received from the same ad-
jacent agents. It may also contain its own previously trans-
mitted position information, and it may contain the position
information of the same agent from multiple adjacent agents.
In the proposed method, after removing these older position
information and duplicates, the agent uses the transferred
position information in the same way as the received current
position information to compute the control input. That is,
the control input u𝑖 [𝑘] in the proposed method is given as
(4) for the consensus control and (5) for the coverage control.

u𝑖 [𝑘] = −
1

|N𝑖 [𝑘] ∪ M𝑖 [𝑘] | + 1

( ∑
𝑗∈N𝑖 [𝑘 ]

(x𝑖 [𝑘] − x 𝑗 [𝑘])

+
∑

𝑙∈M𝑖 [𝑘 ]

(x𝑖 [𝑘] − x𝑙 [𝑘 − 1])

)
(4)

u𝑖 [𝑘] = −𝐾
(
x𝑖 [𝑘] − 𝐶𝑖 ({x𝑖 [𝑘], x 𝑗 [𝑘], x𝑙 [𝑘 − 1] |

𝑗 ∈ N𝑖 [𝑘], 𝑙 ∈ M𝑖 [𝑘]})
)

(5)

where M𝑖 [𝑘] is the set of agents whose packet is transferred
but does not contain the same agent in N𝑖 [𝑘] and the 𝑖-th
agent itself, and can be represented as follows:

M𝑖 [𝑘] =

( ⋃
𝑗∈N𝑖 [𝑘 ]

N 𝑗 [𝑘 − 1]

)
\ (N𝑖 [𝑘] ∪ {𝑖}) (6)

The convergence in the proposed method will be slower
compared to the ideal case with the current position informa-
tion. Although the transferred position information is from
one control period ago, the position of each agent gradu-
ally converges so that the discrepancy between the current
and previous positions becomes negligible. The informa-
tion transfer method has the advantage of compensating for
the lost position information, but has the disadvantage of
increasing the payload length because the transferred po-
sition information is included in the packet. If the pay-
load length of position information without the information
transfer is 𝐷, the payload length in the proposed method is
(1 + |N𝑖 [𝑘 − 1] |)𝐷 and at most 𝑁𝐷.

4. Numerical results

The effectiveness of the information transfer method was
evaluated by computer simulation. The simulation param-
eters are listed in Table I. The CSMA/CA parameters are
based on the IEEE802.11 standard. Different from the pre-
vious studies [6, 7], this study does not aim to improve the
performance by adjusting the CW, so a fixed CW is used. To
clarify the influence of contention, the comparison is made
with different values of fixed CW. The agents are initially

Table I Simulation parameters.

Parameter Value
Field size 300[m] × 300[m]

Control period (𝑇) 0.1[s]
Maximum speed (𝑣max) 30[km/h]

Convergence threshold (𝜎) 1[m]
Communication range (𝑅) 100[m]
Length of position info (𝐷) 64[byte]

Length of packet header 24[byte]
Length of packet FCS 4[byte]

SlotTime 9[𝜇s]
DIFS 34[𝜇s]

Data rate 6[Mbps]

uniformly distributed in the given square field, but cases
where one of the agents is not within the communication
range of any other agent at all are excluded. The positions
of the agents are updated every 0.01[s] and are assumed to
be stationary within this time step for ease of simulation. In
the consensus control, convergence is defined as when the
positions of all agents converge within a distance 𝜎 (called
the convergence threshold). In the coverage control, conver-
gence is defined as when the positions of all agents converge
within 𝜎 from the centroid of their own Voronoi region.

In both consensus control and covering control, the most
important metric is the possibility of convergence of agents’
positions. The second most important metric is the speed of
convergence when all agents’ positions converge. Therefore,
we evaluate the control quality using both metrics simulta-
neously. To evaluate the control quality, the convergence
rate is defined by the ratio of the number of simulations that
achieved convergence to the total number of simulations,
and the convergence time is defined by the time at which
convergence is first achieved in each simulation. The aver-
age number of receiving position information is defined by
the average number of position information received by each
agent in one control period over all agents and all control
periods. The duration of each simulation is limited to 60[s],
and 105 simulations were performed.

Figure 3 shows the convergence rate, the average of con-
vergence time, and the average number of received positions
in the consensus control with 𝑁 = 20 and 50. The conver-
gence rate and the average convergence time are plotted on
the same graph, where the bars indicate the convergence rate
and the lines indicate the average convergence time.

The number of received positions indicates the number of
positions received directly from adjacent agents within the
communication range and positions received through the
information transfer. The CW has the greatest effect on the
performance of CSMA/CA, and the larger the CW, the better
the convergence rate in this simulation. This is because
packet collisions are reduced, as indicated by the number
of received positions. It can be seen that the convergence
rate is greatly improved by the information transfer. This
is because the number of received positions has increased
by the information transfer. The average convergence time
is almost unchanged, but this is because it depends on the
movement time of the agent farthest from the convergence
position. Comparing (a) and (b) in Fig. 3, it can be seen that
the larger the number of agents, the larger the effect of the

3



IEICE Communications Express, Vol.12, No.1, 1–4

(a) 𝑁 = 20

(b) 𝑁 = 50

Fig. 3 Convergence rate/time and average number of received positions
in the consensus control.

information transfer. This is due to the fact that the number
of positions obtained by the transfer increases.

Figure 4 shows the convergence rate, the average of con-
vergence time, and the average number of received positions
in the coverage control with 𝑁 = 20 and 50. As with the
consensus control, the larger the CW, the better the conver-
gence rate in this simulation. This is also because packet
collisions are reduced, as indicated by the number of re-
ceived positions. It can be seen that the convergence rate is
improved and the average convergence time is reduced by the
information transfer. This is because the number of received
positions has increased by the information transfer. In con-
trast to the consensus control case, the coverage control case
has the disadvantage that the number of positions received
directly from adjacent agents is reduced due to the increased
packet length, because packet collisions caused by hidden
terminals occur more frequently as the agents move away
from each other. However, the increase in the number of
received positions due to the transfer overcomes this disad-
vantage and improves the control performance. Comparing
(a) and (b) in Figure 4, it can be seen that convergence is more
difficult when the CW is small. This is because packet colli-
sions increase due to the hidden terminal problem. However,
the effect of information transfer is significant even when the
number of agents is large.

5. Conclusion

A simple information transfer method is proposed to com-
pensate for the state information lost due to communication
failures in CSMA/CA-based autonomous decentralized con-
trol, and its application to two typical control problems, con-
sensus control and coverage control, is discussed together.
Numerical results show that the control quality can be im-
proved in both consensus control and coverage control re-
gardless of the number of controlled agents and the con-

(a) 𝑁 = 20

(b) 𝑁 = 50

Fig. 4 Convergence rate/time and average number of received positions
in the coverage control.

tention window size of CSMA/CA. Although the proposed
method has the disadvantage of increasing the packet length,
which increases contention and could result in performance
degradation, the advantage of obtaining more state informa-
tion through the information transfer is much greater.
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