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Abstract: Coordinated platooning in unstructured environments requires complex planning to enable
multiple robots to form a group. The planner should maintain safe distances between the robots
while following a planned global path. Additionally, to efficiently deploy missions involving a
leader-follower concept, the planner should schedule the robots to merge onto the desired route
based on their priorities, ensuring they form a coordinated, single-file formation without collisions.
In this paper, we introduce a prioritized velocity planning that enables coordinated multi-robot
platooning. We utilize the Intelligent Driver Model (IDM) as an adaptive cruise control algorithm to
maintain safe distances between multiple robots while they follow a desired speed. By leveraging
IDM’s features, we design the Prioritized IDM (P-IDM) to employ velocity planning with varying
levels of aggressiveness based on each robot’s priority. This allows the multi-robot system to form a
coordinated platoon in unstructured scenarios without the need for centralized scheduling. In our
experiments, a hierarchical framework incorporating our prioritized velocity planner demonstrates
time-efficient and safe platooning in diverse unstructured environment scenarios.
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[Fig. 1] Overview of our Prioritized Intelligent Driver Model
(P-IDM)-based platooning algorithm. The arrows indicate each
robot’s driving characteristics based on its relative priority
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[Table 1] Parameter configurations for the IDM-based algorithm

Parameter Description Foewt | Pagar | Foons
fi
Sues Safe gap 10 | 00 | 20
[m]
Desi
", esired speed 03 04 05
[m/s]
T Time headway 02 0.0 0.1
[s]
G Allowable acheleration 10 40 20
[m/ s7]
by Allowable dcheleration 20 80 40
[m/s*]
) Exponent 2.0
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[Algorithm 1] Multi-agent platooning algorithm based on P-IDM

Algorithm 1 Multi-Agent Platooning with Prioritized IDM

Input: desired speed v, IDM parameters Pyeu;, Fuggrs Peons:
ego robot’s info. Ego, other robots’ info. Others,
Field of View for the IDM oy

Output: target speed v,
1 Vear € Vies
2: idm_activate € []
3 idm_vel €[]
4: Ego.idm.set(Poy¢ )
5: for each Robot in Others do
6. if Robot.id != Ego.id then

7 S, Vper, Yoy € CalcRellnfo(Robot, Ego)
8: if Ego.pricrity > Robot.priority then
9: Ego.idm.set(Fygqr)
10: if Y0 > Yoy then
11: idm_activate.push_back(false)
12: else
13: idm_activate.push_back(true)
14: else if Ego.priority < Robot.priority then
15: Ego.idm.set(P.p,s)
16: idm_activate.push_back(true)
17: else
18: Ego.idm.set(P_neut)
19: idm_activate.push_back(false)
20: a;qr € Ego.idm.calcAccel(s, v¢, v,.op)
21: vﬁﬂr < vt g At
22: idm_vel.push_back(vl,.)

23 vy = min(idm_vel)
24: if all(idm_active) ==

25: Viar < min(']mrv Udes)

false then
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[Table 2] Quantitative performance evaluation among baseline models

Scenario 1 Scenario 2 Scenario 3
Time Driven Gap Time Driven Gap Time Driven Gap
[sec] | [m] | [m] [sec] | [m] | [m] [sec] | [m] (m]
IDM-Vel 39.343.1 13.2+0.8 42+1.8 61.4+3.6 21.5+£3.6 7.6+5.8 71.845.9 27.0+2.7 10.9+7.6
P-IDM 34.3£1.1 11.3+0.3 3.0+0.4 43.3+2.5 14.6+0.8 3.1+0.6 47.9+8.5 15.8+2.1 2.9+1.2
[Table 3] Quantitative performance evaluation in challenging settings
Scenario 1 (Rand) Scenario 4
Time [sec] | Driven [m] | Gap [m] Time [sec] | Driven [m] | Gap [m]
P-IDM 37.3£5.3 12.6£1.9 3.0£0.6 88.6+7.7 17.7£1.6 2.60.1
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