
PATH PLANNING FOR MOBILE ROBOTS BASED ON
COOPERATIVE VISUAL AERIAL SLAM

J.CARLOS TRUJILLO 1, RODRIGO MUNGUÍA 1, EDMUNDO GUERRA 2 AND ANTONI GRAU 2

1DEPARTMENT OF COMPUTER SCIENCE, CUCEI, UNIVERSITY OF GUADALAJARA, GUADALAJARA, MÉXICO
2 DEPARTMENT OF AUTOMATIC CONTROL, TECHNICAL UNIVERSITY OF CATALONIA, SPAIN

INTRODUCTION
• The trajectory planning for ground mobile robots operating in unknown environments can be a difficult task. In many cases, the sensors used

for detecting obstacles only provide information about the immediate surroundings, making difficult to generate an efficient long term path. For
instance, a robot can easily choose to move along a free path that eventually will have a dead end.

• This research is intended to develop a cooperative scheme of visual-based aerial simultaneous localization and mapping (SLAM) that will be used
for generating a safe long-term trajectory for a ground mobile robot.

SIMULATION RESULTS FOR A COOPERATIVE MONOCULAR SLAM SCHEME
• The following simulation results show the advantage of using a co-

operative monocular slam scheme for multi-UAV systems [2].
• For the computer simulations setup, two quadcopters equipped with

an onboard monocular camera are simulated while moving main-
taining a stable flight formation.

• The cooperative monocular slam algorithm is like the one proposed
in [1].

Figure 1 shows the real and estimated trajectory obtained from the coop-
erative system.

Figure 1: Estimated trajectories of the UAVs obtained with the Cooperative
method.

• With the objective of having a good insight into the performance
of the cooperative method, a comparison with a reliable general
method is carried out. In this case, the method chosen is a Monocular
SLAM system (single robot) aided by measurements of the position

given by a GPS and attitude measurements obtained from an IMU
(Monocular SLAM + GPS + IMU).

Table 1 summarizes the Mean Squared Error for the position in the three
axes of the Quad 1 obtained with both configurations.

MSEx(m)MSEx(m)MSEx(m) MSEy(m)MSEy(m)MSEy(m) MSEz(m)MSEz(m)MSEz(m)

Cooperative 0.85 0.23 0.07

Monocular+GPS+IMU 0.01 0.04 0.05

Table 1: Mean Squared Error in the position estimation.

Table 2 provides the performance of both configurations for estimating the
features map. In this case, the total (sum of all) of the Mean Squared Errors
for the estimated position of the landmarks is presented.

MSExm(m)MSExm(m)MSExm(m) MSEym(m)MSEym(m)MSEym(m) MSEzm(m)MSEzm(m)MSEzm(m)

Cooperative 7.84 14.87 6.29

Monocular+ 21.80 30.31 13.27
GPS+IMU

Table 2: Total Mean Squared Error in the position estimation of the landmarks.

ALGORITHM SPECIFICATION
• The general idea is to take advantage of the high-altitude point of view that aerial robots can

inherently have, for obtaining spatial information of a wide area of the surroundings of the
robot.

• Also, taking advantage of the good estimates of the landmarks that a cooperative monocular
slam scheme presents, a high-level global map can be generated for path planning for mobile
robots.

Figure 2: System scheme .
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Figure 3: Algorithm for path planning of mobile robots.

• By means of some heuristic or probabilistic method, it is possible to go from a map based on
features to a map based on occupancy grids, which facilitates the planning of trajectories.

• Furthermore, while the ground robot moves, its onboard sensors will be used for refining the
map and thus for avoiding obstacles that were not detected from the path planning.

CONCLUSIONS
This work presented an algorithm that allows
to generate a global map for path planning for
mobile robots. The map can be generated from
a map based on features obtained by a cooper-
ative monocular SLAM scheme.
Simulation results showed the good perfor-
mance of a cooperative monocular SLAM
scheme.
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