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ABSTRACT

As the role of robots expands, flexible task planning methods are attracting attention from various domains. Many task
planning frameworks are introduced to efficiently work in a wide range of areas. In order to work well in a broad region with
multiple robots, various communication conditions should be controlled by task planning frameworks. However, few methods

are proposed. In this paper, we propose mission planning methods according to the communication status of robots. The

proposed method was verified through experiments assuming different communication states with a multi-robot system.
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Fig. 1. Overall concept of hierarchical task planning.
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Fig. 2. Overall concept of hierarchical task planning considering
communication status.
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2.1 Centralized Hierarchical Task Planning
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Fig. 4. Hierarchical task planning framework according to communication status. (a) Centralized task planning (b) Distributed task planning (c) Hybrid task

planning

2.2 Distributed Hierarchical Task Planning
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Table 1. Hybrid hierarchical task planning procedure.

No Procedure description

Automatically decompose a large problem into a set of smaller
problems (sub-goals)

Construct a strategic problem, containing strategic actions for the

2 .
whole mission
3 Execute strategic plans
4 Generate a tactical problem and plan for each sub-goal
5  Execute tactical plans while executing strategic plans
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Fig. 5. Experiment Scenario: Each UAV should monitor 2 UGV which are in
their group.

3. SIMULATION RESULT
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Table 2. Simulation result of centralized hierarchical task planning.
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Table4. Simulation result of hybrid hierarchical task planning.

Planner Sequence of actions Planner Sequence of actions
COop take_off uav01 dockl groud_wp0 sky_wp0 Cop take_off uav01 dockl groud_wp0 sky_wp0
COP take_off uav02 dock2 groud_wp15 sky_wp7 COoP take_off uav02 dock2 groud_wp15 sky_wp7
Cop flyto_waypoint uav0l sky_wp0 sky_wp1l COP complete_mission uav01 mission0
COP observe_ugv uav01 sky_wpl ugv0l ugv02 Groupl flyto_waypoint uav01 sky_wp0 sky_wp1l
COop goto_waypoint ugv01 groud_wp1 ground_wp2 Groupl observe_ugvuav0l sky_wp1 ugv0l ugv02
COP goto_waypoint ugv02 groud_wp7 ground_wp6 Groupl goto_waypoint ugv01 groud_wp1 ground_wp2
COop flyto_waypoint uav02 sky_wp7 sky_wp6 Groupl goto_waypoint ugv02 groud_wp7 ground_wp6
COP observe_ugv uav02 sky_wp6 ugv03 ugv04 COP complete_mission uav02 mission0
COop goto_waypoint ugv03 groud_wp8 ground_wp9 Group2 flyto_waypoint uav02 sky_wp7 sky_wp6
COP goto_waypoint ugv04 groud_wp14 ground_wp13 Group2 observe_ugv uav02 sky_wp6 ugv03 ugv04
COop flyto_waypoint uav0l sky_wpl sky_wp2 Group2 goto_waypoint ugv03 groud_wp8 ground_wp9
(6(0) Y observe_ugvuav01 sky_wp2 ugv01 ugv02 Group2 goto_waypoint ugv04 groud_wp1l4 ground_wp13
Cop goto_waypoint ugv01 groud_wp2 ground_wp3 COP complete_mission uav01 missionl
COP goto_waypoint ugv02 groud_wp6 ground_wp5 Groupl flyto_waypoint uav0l sky_wp1 sky_wp2
COop flyto_waypoint uav02 sky_wp6 sky_wp5 Groupl observe_ugvuav0l sky_wp2 ugv0l ugv02
COP observe_ugv uav02 sky_wp5 ugv03 ugv04 Groupl goto_waypoint ugv0l groud_wp2 ground_wp3
COop goto_waypoint ugv03 groud_wp9 ground_wp10 Groupl goto_waypoint ugv02 groud_wp6 ground_wp5
COP goto_waypoint ugv04 groud_wp13 ground_wp12 COP complete_mission uav02 missionl
COop flyto_waypoint uav0l sky_wp2 sky_wp3 Group2 flyto_waypoint uav02 sky_wp6 sky_wp5
COP observe_ugv uav01 sky_wp3 ugv0l ugv02 Group2 observe_ugv uav02 sky_wp5 ugv03 ugv04
COop goto_waypoint ugv01 groud_wp3 ground_wp4 Group2 goto_waypoint ugv03 groud_wp9 ground_wp10
COP flyto_waypoint uav02 sky_wp5 sky_wp4 Group2 goto_waypoint ugv04 groud_wp13 ground_wp12
Cop observe_ugv uav02 sky_wp4 ugv03 ugv04 COP complete_mission uav01 mission2
COP goto_waypoint ugv03 groud_wp10 ground_wp11 Groupl flyto_waypoint uav0l sky_wp2 sky_wp3
COop land uav01 sky_wp3 dockl ground_wp0 Groupl observe_ugvuav0l sky_wp3 ugv0l ugv02
CcopP land uav02 sky_wp4 dock2 ground_wp15 Groupl goto_waypoint ugv01l groud_wp3 ground_wp4

Table 3. Simulation result of distributed hierarchical task planning.

Planner Sequence of actions

Groupl take_off uav0l dockl groud_wp0 sky_wp0
Groupl flyto_waypoint uav01 sky_wp0 sky_wpl
Groupl observe_ugv uav01 sky_wpl ugv0l ugv02
Groupl goto_waypoint ugv01 groud_wp1 ground_wp2
Groupl goto_waypoint ugv02 groud_wp7 ground_wp6
Groupl flyto_waypoint uav0l sky_wpl sky_wp2
Groupl observe_ugv uav01 sky_wp2 ugv01 ugv02
Groupl goto_waypoint ugv01 groud_wp2 ground_wp3
Groupl goto_waypoint ugv02 groud_wp6 ground_wp5
Groupl flyto_waypoint uav0l sky_wp2 sky_wp3
Groupl observe_ugv uav01 sky_wp3 ugv01 ugv02
Groupl goto_waypoint ugv01 groud_wp3 ground_wp4
Groupl land uav01 sky_wp3 dockl ground_wp0

Group2 take_off uav02 dock2 groud_wp15 sky_wp7

Group?2 flyto_waypoint uav02 sky_wp7 sky_wp6

Group2 observe_ugv uav02 sky_wp6 ugv03 ugv04

Group?2 goto_waypoint ugv03 groud_wp8 ground_wp9

Group2 goto_waypoint ugv04 groud_wp14 ground_wp13

Group?2 flyto_waypoint uav02 sky_wp6 sky_wp5

Group2 observe_ugv uav02 sky_wp5 ugv03 ugv04

Group2 goto_waypoint ugv03 groud_wp9 ground_wp10

Group2 goto_waypoint ugv04 groud_wp13 ground_wp12

Group2 flyto_waypoint uav02 sky_wp5 sky_wp4

Group2 observe_ugv uav02 sky_wp4 ugv03 ugv04

Group2 goto_waypoint ugv03 groud_wp10 ground_wp11

Group2 land uav02 sky_wp4 dock2 ground_wp15
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