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Table 1. Parameter values of flocking control

Symbol Parameter values Symbol Parameter values
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*: [straight section, curved section].

4.1 Simulation Results of PLL-AFG

Fig. 5 shows the position of all α-agents at five differ-
ent time instants on the straight-to-turn maneuver. The
direction of the black arrow shows the α-agent velocity
direction, and the length of the black arrow indicates the
scaled magnitude of the α-agent velocity. As shown at
t = 0 s, the initial positions of all α-agents are randomly
distributed in a region of [0, 15] × [0, 30], with zero initial
speed. At 2 s, each lane has a nearly equal number of α-
agents. The stable formation of the group in the straight
road is found at t = 8 s, where each lane has four α-agents
moving in the middle line, and the elliptical flocking lattice
is formed. On the curved road, all α-agents are almost
uniformly arranged within their respective lanes, as shown
at 12.3 s. After passing the curve, the formation is the same
as that on the straight road except for being rotated 90
degrees clockwise as the road direction. In summary, using
the PLL-AFG, all agents can automatically become a flock
and maintain the elliptical lattice in straight and curved
roads, which is in close agreement with our expectations.

Figure 6 displays the speed results of all α-agents in the
straight and curved roads in the X and Y directions.
The velocity consensus on the straight road is achieved at
t = 6.9 s in theX direction and t = 6.7 s in the Y direction.
During the transition from the curve section to the straight
section, the velocity in the X direction decreased to 0,
while the velocity in the Y direction gradually increased to
8. The velocity consensus is then achieved again at t = 15
s in both directions. On the other hand, Figure 7 shows the
control inputs for all α-agents in the X and Y directions.
The range of control inputs on the curve was much smaller
than that on the straight road.

4.2 Comparison Results Between PLL-AFG and PL

Define the structure deviation of a flock as (17).
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∑

i

∑
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∥

∥qij − qoij
∥

∥ (17)

where qij = ∥qi − qj∥, and qoij is the Euclidean distance
between α-agent i and α-agent j in the straight road in the
stable state. Note that the larger Γ, the larger deviation
of the structure is formed.

To quantify the deviation of α-agents to the reference path,
the off-track error is selected as the indicator,

el = max{∥qi −Ai∥}, i = 1, 2, · · · , N. (18)

During the curved section, the maximum value of Γ and
el, the minimum inter-agent distance (MID), and the
maximum number of agents on the same lane (MNA)
are summarized in Table. 2. The findings illustrate that,
in comparison to the PL method, the PLL-AFG method

Table 2. Performance of flocking control

Control protocol Γmax elmax MID MNA

PL 1144.0 1.5 3.02 6
PLL-AFG 147.9 0.66 3.25 4

demonstrates a reduced degree of structural divergence
and maintains a broader safety distance. Additionally, all
α-agents are capable of remaining within their respective
lanes when transitioning from straight sections to curved
sections.

5. CONCLUSION

In this paper, a novel flocking control protocol for multi-
agent automated vehicles is presented, which is applicable
to both straight and curved driving scenarios. The pro-
posed approach, called PLL-AFG, combines a polyline-
shaped leader and an artificial flow guidance method to
enable the flocking agents to follow a dedicated path
within the lane while in coordinated motion. Simulations
of five-lane roads with both straight and curved sections
are used to demonstrate the effectiveness of PLL-AFG,
and it is compared to a control protocol that uses only
a point-shaped leader (PL). The results show that PLL-
AFG outperforms PL in terms of structure deviation and
off-track errors, as defined in this paper. These findings
reveal that PLL-AFG could be beneficial in complex and
dynamic transportation environments.
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