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r I d o | The communication continues in the merged membrane Sr to exchange infor- P f R l |
IltI'O UCtlon mation among the elementary membranes §; that will be formed in the next step. criormance csSu ts
) ’ During the merge process, each subpopulation i1s maintained, and the worst individ- ’
In this work, a parallel implementation on the NVIDIA Jetson TX2 of the uals (a portion of the subpopulation) will be replaced by a copy of the best individu- The experiments were P
membrane evolutionary artificial potential field (memEAPF) algorithm for als to improve the subpopulation in each elementary membrane. achieved using the 570
mobile robot path planning is presented. The memEAPF algorithm proposed Third, the process 1s repeated to refine the sets of parameters to be able to per- NVIDIA Jetson TX2 thatis  gss
in [1] is employed to achieve feasible paths, considering minimum path form an optimal or close-to-optimal path planning. Inside of each elementary mem- an embedded system-on- £
length, safety, and smoothness. brane 5; the evolution process is performed by the EAPF. The EAPF starts with the module (SoM) with dual-core &
The memEAPF algorithm combines membrane computing [2] with a genet- creation of a random population of individuals P(?), each individual (solution) is NVIDIA Denver2 + quad- g
ic algorithm, in specific a membrane-inspired evolutionary algorithm with a codified with the values of the proportional gains, attraction &, and repulsion £, re- core ARM Cortex-A57, 8GB &+
one-level membrane structure and the artificial potential field method [3] to quired to generate the path. | | 128-bit LPDDR4 and inte- - e
find the parameters to solve efficiently the robot path planning problem. For the parallel evaluation on GPU, where each path 1s evaluated. First, the total grated 256-core Pascal GPU. \‘”
The path planning problem in mobile robots is one of the most computa- potential field Ui(q) computation 1s performed, The software installed is 0 w0 a0 B0 s oo
tionally intensive tasks, in that sense, heterogeneous computing helps to gain . | 1 Ubuntu 18.04, JetPack 4.2.2 B
performance. Employing GPUs 1s possible to process data-intensive tasks ef- Utotat(q) = 5 | ka(g = ar)” + kr (5 ~ E) ] with CUDA 10.0.
ficiently, in this work the evaluation of solution paths. To evaluate the perfor- 3500
Then, the potential force Fi.;.;(q) which 1s employed to drive the mobile robot 1s mance of the parallel path 3000
[ . | computed, computation on GPU versus =z,
memEAPF alg() l‘lthm Frotal(q) = =VUiorar(q) the s%quential path computa- §
‘ * | | | tion on CPU, we carried out £
The memEAPF algorithm for path planning consists of a cell-like P system Last, for the parallel path evaluation on GPU, each path 1s evaluated using independently thirty tests for i 1500

that evolves a set of parameters required for the artificial potential field (APF) o Z P each number of total evalua-
method. These parameters are the attractive proportional gain &, and the repul- e tions. 500
sive proportional gain £,.

: : : : After the parallel path evaluation on GPU, the selection, crossover and mutation °
The memEAPF algorithm employs a dynamic structure p with active mem- P L P Vi S ‘ S 3200 T amber o otal evaluadtone toathel
S : operators are applied to evolve the individuals 1n P(z). All the path planning 1s en-
branes and rules, such as membrane merger and division, as can be seen 1n the : . . . . . e sequential . P —a—parallelGPU
: : . closed 1n an 1iterative process until the maximum number of generations has been
below figure. The membrane merger is helpful to enhance the information ~chieved

communication among individuals (set of parameters, k£, and k,), and the
membrane division 1s beneficial to improve the search capability.

Conclusions

o
skin membrane7 elementary membrane; [ Path Plannlng ReSUItS ) . In this Work, we have presented the parallel path COIIlpUtatiOn on GPU for
So, - N S, N So,- N mobile robot navigation using the memEAPF programmed in C++/CUDA.
S Sy 51 Ty The performance results show that the parallel path computation on GPU
) NNNNNNNNNNNN VYV Vbbb . .
EAFF J il [ EAEF NSNSV NNV a Y] accelerates the process by a factor of 7.4x for the biggest population tested
s, s, ] NN PR 3 o A in comparison with sequential path evaluation on CPU.
. ] [ . j . s T SRS . We can see the advantage of using the parallel path computation on GPU,
merge communication | || divide o] N =t sobstacles 2 ¢ iR =z 2 2oz zas as well as we can see that this advantage applies to onboard computers like
- - . OSSR fffii&'f ” o the Jetson TX2.
. . 204 < . Il gt N LI . The memEAPF algorithm 1s highly scalable and can be implemented on
Sm Sm 0 -~~~-~~~~~~~~Q/—----~--- . . .
e - S .| S other Jetson Platforms like AGX Xaxier Series or the compact Jetson
N y T 2 CCCIIIIIIIIiiiiiiiiiiiils Nano
- / N / s ~ N R AR R R R R R R R R . The memEAPF algorithm could be useful to many applications in mobile
= o[]1; [2J2s - - » [m]m]o = [o[F]Flo w=[o[t)us [2]2s -+ » [m)m]o 2 NV 8 10 robots for global and local path planning, including industrial and domestic
| | | APF surface Path planning mobile robots, unmanned aerial vehicles, autonomous underwater vehicles,
The qomputatlonal process outlined by the above figure consists of thyee o e exploration vehicles, and self-driving cars.
steps: First, each elementary membrane S;, composed of an evolutionary artifi- RN NERREERERE A EEY
cial potential field (EAPF) evolves the individuals. Each individual 1s codified A NN R S R R RS [1] U. Orozco-Rosas, O. Montiel, and R. Sepulveda, “Mobile robot path planning using
with a set of parameters. The purpose of this first stage is to find the best indi- B e MR SEES RS RS L. membrane evolutionary artificial potential field,” Applied Soft Computing, vol. 77,
vidual in each elementary membrane S. . I NN R R pp. 236 — 251, 2019. https://doi.org/10.1016/j.as0¢.2019.01.036
Second, all the elementary membranes S;, merge into one membrane Sy, N b e e OB  iC [2] G. Paun, “Computing with membranes, Jo.urnal of Computer and System Sciences,
(i 1 the individuals. C i 1 lied. which first TIIT : | goal - vol. 61, no. 1, pp. 108—143, 2000. https://do1.org/10.1006/j¢css.1999.1693
contdining all the mmdividuals. LOmMmunication 1uies are app-ed, whicil Hrs G- @ 3] O. Khatib, “Real-time obstacle avoidance for manipulators and mobile robots,” The
P
separate the best individual of each elementary membrane with the purpose of International Journal of Robotics Research, vol. 5, no. 1, pp. 90-98, 1986.

finding the global best individual (%, and £%,), and further send out into the skin
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membrane S, a copy of this global best individual to preserve the current 5 T
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