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Scenario
¤ Fleet of N AGVs

¤ Moving along a predefined roadmap
¤ Set of segments (known length and nominal velocity)
¤ One AGV per segment

¤ Centralized coordination system

¤ AGVs move at the nominal velocity
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Ø Given a group of N AGVs
Ø Given a set of M≥N tasks to be accomplished

Assign a task to each AGV in such a 
way that each task can be completed



Proposed method

Constrained optimization problem

¤ Cost function:
¤ minimize travel time

¤ Constraints: 
¤ avoid conflicts
¤ encoded by means of a conflict graph
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Cost function

Cost for assigning task j to AGV i

Length of the shortest path 
(Dijkstra) from the current location 
of AGV i to the position to be 
reached to fulfill task j

Priority of task j
(low gains for high 
priority tasks)



Cost function

¤ Decision variable

if task j is assigned to AGV i

otherwise



Cost function

¤ Decision variable

if task j is assigned to AGV i

otherwise

¤ Cost function



Constraints

¤ Conflicting assignments encoded in a conflict graph

¤ Node      represents assignment of task j to AGV i

¤ An edge from to means that assigning task j
to AGV i prevents from assigning task h to AGV k
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Types of conflicts

Each AGV can
not perform
more than one
task

Each task can
not be assigned
to more than
one AGV

Assignments that generate conflicts in
the path planning can not be
simultaneously performed



Conflicts in the paths
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Conflicts in the paths

¤ Two segments are conflicting if two AGVs traveling 
on such segments can collide

¤ Set of conflicting segments
¤ Contains all the segments that are in conflict with
¤ Can be computed offline, based on the geometric 

characteristics of the roadmap and of the AGVs 

¤ Assumption: AGVs travel at nominal velocity

¤ Shortest path

The AGV arrives in segment      at time
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Conflict graph properties

¤ Unoriented incidence matrix of the conflict graph:

¤ Columns of the unoriented incidence matrix correspond 
to edges in the graph
¤ Column corresponding to edges                      and

have a one in the entries corresponding to       and        , 
zero otherwise 

¤ Each edge corresponds to a conflict

To avoid conflicts encoded in the conflict graph:

Inequality guarantees that both variables can be zero



ILP formulation

¤ Decision variables                   are integer

¤ ILP program

¤ NP-hard problem
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LP formulation
¤ Constraints can be rewritten to obtain a LP 

formulation

¤ Extended conflict graph
¤ For each node      we define an auxiliary node
¤ Decision variables: 
¤ For each edge in the conflict graph, we have 2 edges 

in the extended graph



Extended conflict graph



Extended conflict graph

¤ Bipartite graph



Extended conflict graph

¤ Bipartite graph

¤ Its incidence matrix
is totally 

unimodular



Extended conflict graph

¤ Bipartite graph

¤ Its incidence matrix
is totally 

unimodular

The solution of the LP
relaxation is equivalent to the
solution of the original ILP
problem
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Constraints: new formulation

¤ Decision variables:

¤ Auxiliary decision variables:

To avoid conflicts encoded in the extended 
conflict graph:

(as before)
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Auxiliary variables

Constraint for the auxiliary decision variables:

Constraint for the auxiliary 
decision variables:

Auxiliary graph : 
an edge connects each 
node with the 
corresponding auxiliary 
node

Oriented incidence matrix:

Bipartite graph



LP formulation

¤ LP formulation

¤ Since constraints are given by unimodular matrices 
(bipartite graphs) the solution is guaranteed to be 
integer

¤ Then, the solution is equivalent to the ILP problem

Sabattini et al., «Optimized simultaneous conflict-free task assignment and 
path planning for multi-AGV systems», IROS2017



Implementation

¤ Offline computation
¤ Conflicting segment set for each segment of the 

roadmap
¤ Shortest path between each pair of nodes of the 

roadmap

¤ Online computation
¤ Conflict graph



Evaluation

¤ Simulation on a real industrial roadmap
¤ Nominal size: 30 AGVs

¤ Compared with standard Hungarian algorithm
¤ Automated deadlock resolution
¤ When deadlock could not be solved, AGVs were 

removed for 20 seconds, and re-introduced in the 
same position

¤ Number of AGVs: 15, 30, 57, 95



Results

Completion time per task: 
average and variance

Number of tasks 
accomplished per hour

Computation time

Maximum completion time 
per task

Hungarian

Our method
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¤ Task assignment taking into account path planning
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Conclusions and future works

¤ Task assignment taking into account path planning

¤ Conflicts encoded in a conflict graph

¤ LP formulation

¤ Assumption: a solution exists
¤ Typically satisfied due to the redundancy of the 

roadmap

¤ Future works: remove this assumption
¤ Relaxing constraints
¤ Sub-optimal solutions
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