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Abstract— In this paper, two concurrent assignment and
planning of trajectories for multiple robots (CAPT) algorithms,
namely Centralized-CAPT (C-CAPT) and Decentralized-CAPT
(D-CAPT) are implemented in Matlab. The algorithms are then
verified and analyzed though simulation, with both 2D circular
robots and 3D quadrotors.

I. INTRODUCTION
Many multi-robot applications require the assignment of
robots to tasks at different destinations and the generation
of vehicle plans to enable navigation to these destinations.
In all of these applications, the deployment of a team of
robots requires solving the task assignment or goal assignment problem in which each goal is assigned to a robot,
and the generation of collision-free trajectories that guide
the robots to the assigned goal locations. However, the computational complexity of a decoupled strategy in which the
tasks are first assigned followed by the solution to the trajectory planning problem can be prohibitive in terms of
computational complexity. On the other hand, if the robots
are considered to be homogeneous (in other words, it does
not matter who goes where, or who picks up what part), it
is possible to couple the two subproblems. We call this the
concurrent assignment and planning of trajectories (CAPT).
By definition, the CAPT problem seeks an assignment of
N unlabeled (permutation invariant) robots to M desired
goal locations. The well-known Hungarian Algorithm (Kuhn,
1955; Munkres, 1957) solves the linear assignment problem
with computational complexity bounded polynomially in the
number of robots, O(N 3 ), and is the most efficient known
method to optimally solve the linear task assignment problem. One approach to minimizing complexity is to consider
decentralized solutions to the CAPT problem. A complete
solutions to this problem is given by Matthew Turpin et al.,
2014.
II. PROBLEM OVERVIEW
Assume we have a set of N robots at given start locations that need to complete (navigate to) M tasks at
given goal locations. Further, assume that the robots are
interchangeable, that is, it doesnt matter which robot visits
which goal location, as long as all goal locations are visited.
The problem is to assign robots to goals and then generate
trajectories that will navigate robots to their assigned goals
in an optimal and safe manner.
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III. ALGORITHM DESCRIPTION
A. C-CAPT
C-CAPT seeks to find optimal trajectories γ(t) which minimize a specified cost function subject to Initial Conditions,
Final Conditions, Collision Avoidance, Task Assignment,
FeasibleR trajectories. In this Project, we define the cost funct
tion as t0f [x[4] ]T x[4] dt. According to theorem introduced by
[1], this is equivalent to
• Solve the assignment problem using distance squared
• Use a fifth order polynomial to navigate from start to
finish for each robot.
Furthermore, based on the result derived from the paper, as
long as the initial and goal locations are sparced delta apart:
kxi (t0 ) − xj (t0 )k > ∆,
kgi − gj k > ∆,

i 6= j

i 6= j

kxi (t0 ) − gj k > ∆
√

Where ∆ > 2 2, the trajectory given by the above two
steps will guarantee collision avoidance.
Algorithm 1 C-CAPT with M goal N robots
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while numel(goal)! = 0 do
compute cost matrix mi,j = kxi (t0 ) − gj k2
use Hunagrian Algorithm get optimal
assignment Φ∗
generate quintic staight line trajectory
remove assigned goals
end while

B. D-CAPT
Different from C-CAPT, Decentralized algorithm for
obstacle-free CAPT does not pre-assigned an optimized
collision-free trajectory for each robot. Instead, it assigns
the goals randomly to each agent and adjust the assignment
during run time . A communication mechanism between
robots is introduced. When a robot comes within h, known
as communication or sensing range, of a neighbor, it must
coordinate its actions with its neighbor requiring a partially
centralized solution.[1] In order to avoid collision, h√should
be greater than ∆, which is proved in C-CAPT as 2 2R.
The core idea of D-CAPT is to switch the goal with the
newest neighbor within h, whose current trajectory intersects
with its own. The principle behind that is similar to CCAPT Lemma 3.2 in Turpin’s papaer[1]. Another crucial
condition is real time communication between agents. In

order to simulate D-CAPT on a single terminal, we revised
the original algorithm to enforce latest update. As presented
in Algorithm 2, once after any robot requests a change
in goal, a sweep on all other robots should be followed
for timely update in message receiving. Also, as shown in
the test video, a relatively small communication interval,
or a large transmission frequency, must be guaranteed for
collision-free trajectories. The influence of communication
range h and interval ttransmit to the performance will be
summarized in following section.

A. C-CAPT Analysis
Computational time
In order to get a intuitive sight of the computational
complexity of the C-CAPT algorithm, we ran a team of 10,
50, 100, 200, 300, etc. up to 1000 robots navigating to an
equal number of goals, with randomly generated initial and
goal positions. The result is shown in Fig. 1 From the results
we can find that the algorithm runtime trends toward N 3
growth.
•

Algorithm 2 Revised D-CAPT on Single Computer
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for i ∈ N robots do
Assign goals randomly compute trajectory for i
Ui = Ci (t0 )
end for
for t = t0 ; t < tf ; t = t + ttransmit do
for i = 1; i ≤ N ; i = i + 1 do
for j ∈ Ci (tc ) do
if j ∈
/ Ci (tprev ) then
Ui = Ui ∪ j
end if
Ui = Ui ∩ Ci (tc )
end for
for j ∈ Ui do
request xj (tc ) and fi from agent j
if uTij wij < 0 then
send to robot j to change goal to fi
fi ← fj
Ui = Ci (tc )
recompute trajectory
end if
Ui = Ui \ j
end for

Fig. 1: Computational Time
Quadrotor simulation
We then test our C-CAPT algorithm using the quadrotor
dynamic simulator with well-tuned PID parameters to verify
its collision avoidance and its capacity to handle multiple
situations. Results show that the algorithm can deal with all
situations where there are more robots than goals, equals
to goals and less than goals. A more detailed video can be
found on the link in the appendix.
•

for k = 1; k ≤ N ; k = k + 1 do
if robot k receive request from j then
fk ← fj
Uk = Ck (tc )
recompute trajectory
Uk = Uk \ j
end if
end for
end for
end for

IV. RESULTS
We implemented both C-CAPT algorithm and D-CAPT
algorithm in Matlab, verified and analyzed our algorithms
though simulation with both 2D circular robots and 3D
quadrotors. The results are shown as follows.

Fig. 2: 10 quadrotors to 15 goals
When the number of goals is fewer than the number
of robots, the C-CAPT algorithm will assign the quadrotor

based on Hungarian with squared distance as cost function.
And if more goals are equal to or more than robots, the CCAPT algorithm will iterate until all goals are reached by a
quadrotor. However, as number of goals tremendously excceeds number of robots, the benefit of C-CAPT diminishes.
B. D-CAPT Analysis
We have tested D-CAPT algorithm with multiple 2D
circular robots from random start locations to same number
of goals. We came up with three interesting cases to test the
algorithm, below are the results and discussion.
• Interesting case 1: Communication Range
We tested the D-CAPT algorithm with different robot
communication range, h = 2R, h = 3R and h = 15R
respectively. The result are shown in Fig. 3 to Fig. 5.

Fig. 5: h = 15R, similar to C-CAPT

still small, the robot will not collide, but they may change
goals many times, which will result in higher cost and bad
trajectories. As shown in Fig. 5, when the communication
range is big enough (h = 15R), most of the robots would
be able to communicate with each other at the beginning,
thus the generated trajectories will be similar to the C-CAPT
algorithm. However, in this case, it is obviously that there
will be more communications between the robots and the
algorithm will be computational intensive. In conclusion, the
communication range in D-CAPT should be big enough to
avoid collision and generate optimal trajectories, while it
should be small enough to save computation.
•

Fig. 3: h = 2R, collision occurs

Interesting case 2: Communication Frequency

We tested the D-CAPT algorithm in different robot communication frequency, f = 0.5Hz and f = 10Hz respectively. The result are shown in Fig. 6 and Fig. 7.

Fig. 4: h = 3R, no collision
√
As shown in Fig. 3, when h ≤ ∆ = 2 2R, the robots
could collide. As shown in Fig. 4 when h = 3R > ∆ but

Fig. 6: f = 0.5Hz, collision occurs

the environment robot density. For a given environment
and robots amount, the running time depends only on the
communication range and frequency. From the analysis in
case 1 and case 2, we can figure that D-CAPT algorithm is
in fact a trade-off between computation and trajectory cost.
V. CONCLUSIONS
In this paper, we implemented and tested both the CCAPT and D-CAPT algorithm. The effectiveness of the
algorithms are verified. The advantages and disadvantages
algorithms are analyzed. C-CAPT and D-CAPT both have
their strengths and limitations, C-CAPT could guarantee the
minimal trajectory cost but will be computational intensive
with large amount of robots. As a comparison, D-CAPT is
more efficient with large amount of robots but the trajectory
cost depends on the communication range and is generally
higher than C-CAPT.
Fig. 7: f = 10Hz, no collision

As shown in Fig. 6, when f = 0.5Hz, the robots could
collide due to fewer interactions. The communication is too
slow to support robots to exchange information and avoid
collision. When f = 10Hz as shown in Fig. 7, the algorithm
works fine. In fact, the proper communication frequency
depends on the speed of the robots on-board sensor and the
communication range. As the number of robots grows in a
certain area, a higher sensing frequecy should be expected
for better performance.
• Interesting case 3: Robot Amount
We tested the D-CAPT algorithm with different number
of robots, n = 10, 50, 100, 200, 300, 400, etc. up to 1000. In
all the test cases, the D-CAPT algorithm works efficiently
and effectively. The total running time increases linearly as
shown in Fig. 8.

Fig. 8: Computational Time
For each robot in the group, its computational time is
determined by the number of its communications (including
both sending and receiving messages), which is a result
of its communication range, communication frequency and

APPENDIX
Please visit https://youtu.be/-fgimhXBW30 and
https://youtu.be/JvxkUXcowbY to watch our video
demo.
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