Hsu-Chih HUANG

National llan University

FPGA-Based Hybrid GA-PSO Algorithm and Its Application to
Global Path Planning for Mobile Robots

Abstract. This paper presents an FPGA-based (field-programmable gate array) hybrid metaheuristic GA (genetic algorithm)-PSO (particle swarm
optimization) algorithm for mobile robots to find an optimal path between a starting and ending point in a grid environment. GA has been combined
with PSO in evolving new solutions by applying crossover and mutation operators on solutions constructed by particles. This hybrid algorithm avoids
the premature convergence and time complexity in conventional GA and PSO algorithms. The initial feasible path generated from the hybrid GA-
PSO planner is then smoothed using the cubic B-spline technique, in order to construct a near-optimal collision-free continuous path. Experimental
results are conducted to show the merit of the proposed hybrid GA-PSO path planner for global path planning for mobile robots.

Streszczenie. W artykule zaprezentowano algorytm dla mobilnych robotéw poszukujgcy optymalnej Sciezki miedzy punktem startu i korcowym.
Algorytm wykorzystuje uktady FPGA i bazuje na algorytmach genetycznych i mréwkowych. (Algorytm sterowania mobilnymi robotami
wykorzystujacy ukfady FPGA i bazujacy na algorytmach genetycznych i mréwkowych)
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Introduction

Global path planning is an important problem in many
disciplines, including very large scale integrated circuits
(VLSI) design, global positioning systems (GPS)
applications, and autonomous robot navigation. These
global path planning problems have been solved using
many existing approaches, such as cell decomposition
[1,2], skeleton and potential field [3]. In addition, soft
computing approaches, such as fuzzy logic, neural
networks, and evolutionary algorithm, have been widely
used to solve the global path planning problems [4,5,6] .

GA and PSO are both widely used intelligent
optimization algorithms, they have their own advantages
and disadvantages [7,8]. GA performs crossover and
mutation operations to recombine chromosomes. It has
strong global search capability, but its convergence is slow
because no memory mechanism is used. PSO has much
more powerful intelligent background because the
knowledge of good solutions is retained by particles. It has
constructive cooperation between particles, namely that
particles in the swarm share their searching experiences
[7,8]. This paper presents an FPGA-based hybrid
metaheuristic GA-PSO method to circumvent the problems
in conventional GAs and PSOs for global path planning.
Furthermore, this FPGA implementation algorithm is more
suitable for robot applications in comparison with the PC-
based algorithms.

Although the collision-free path can be easily obtained
from the proposed FPGA-based hybrid GA-PSO algorithm,
the resultant path is composed of a sequence of line
segments. These discontinuous segments are smoothed by
the B-spline modeling [9,10,11] which is one of the most
efficient curve interpolations. The rest of this paper is
organized as follows. In Section II, the hybrid GA-PSO
algorithm is proposed to resolve the global path planning
problem. Section Il elucidates the FPGA implementation of
the GA-PSO algorithm. Section IV conducts several
experiments to show the performance and merit of the
proposed methods. Section V concludes this paper.

Hybrid GA-PSO algorithm for global path planning

To circumvent the problems in conventional GA and
PSO algorithms, the proposed hybrid GA-PSO algorithm
has a standard PSO hybridized with GA operators,
including crossover and mutation operations to generate
new population. In the following, these two algorithms for

global path planning are briefly described and the hybrid
GA-PSO approach is then presented.
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Fig.1. A grid-based environment with obstacles and the planned
collision-free path

A. GA for global path planning

GA is an adaptive and heuristic search method. Its main
idea is to construct a fitness according to the objective
function to evaluate all chromosomes in a population. The
optimal collision-free path is evolved by the genetic
operators [7].

As shown in Fig. 1, a collision-free path (chromosome)
contains a set of the grid points (genes of a chromosome),
including the start point, via-points and the end point. The
length of a chromosome was variable, ranging from two to
maximum length A . A path can be either feasible

(collision-free) or infeasible by evaluating the fitness
function expressed by

A4max
> (d,+aT)

i=1

™) F=

where M is the number of line segments of a path, d, is

the distance of the near two nodes forming the line
segment, T is a constant, ; is given by

) if the ith line segment is feasible
a,

i

= N
Zk if the line segment intersects obstacle(s)
k=1

where N is the number of obstacles that the line segment
intersects.
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B. PSO for global path planning

The PSO algorithm is a population based optimization
method. This algorithm can be applied to solve for the
optimal problems with the multimodal function
f(x)=f(x,,x,,..x,) by using a population of particles
[7,8]. The fitness of each particle is given by the fitness
function f(x). Each particle represents a feasible path
solution of the global path planning problem.

In PSO algorithm, x,(¢) denote the position of particle i
in the search space at discrete time steps t. The position of
the particle is changed by adding a velocity, v,(¢) to the

current position, given by
(3) x,(t+D)=x,)+v,(t+1)

with a initial position x;(0) . The velocity vector drives the

PSO optimization process and reflects both the
experimental knowledge of the particle and socially
exchanged information from the particle’s neighborhood.
The best position reached by the single particle (gbest)
is responsible for the former type of attraction. On the other
hand, the best location found by the rest of the swarm
(pbest) is the second factor, which indicates the influence of
the swarm on the single particle. Each particle i moves
around the search space, and renew its velocity using its
past experience and the population’s experience given by

(4) V,'j(t + 1) =wy; (t) +ap, (pbesr —X; (t)) + C2¢2(gbest - xj/'(t))

where v, (?) is the velocity of particle j in dimension j at
time step £, x, (¢) is the position of particle i in dimension j
attime step t, ¢, and c¢, are positive acceleration constants
used to respectively scale the contribution of the cognitive

and social components. ¢, and ¢, are uniform random

numbers. These two random values introduce a stochastic
element to the PSO algorithm. w is called inertia weight
which control the momentum of the particle by weighting the
contribution of the previous velocity.

C. Hybrid GA-PSO algorithm for global path planning

This subsection aims to employ the GA-PSO hybrid
algorithm to design an optimal path planner for mobile
robots. Each PSO particle is composed of the point
sequence, including starting point, via point and ending
point. The optimal feasible path will be evolved by the
efficient GA-PSO hybrid algorithm described by the
following steps.

Step 1: Initialize the swarm size, neighbourhood size,
search space, acceleration coefficients, and number
of iterations.

Step 2: Randomly generates particles and initialize the

position and velocity of the particles.

Step 3: Calculate the fitness value for all the particles.

Step 4: GA crossover and mutation operations are
executed after all particles have constructed a
solution.

Step 5: (1) Search of personal best population.

(2) Search of global best population.

Step 6: (1)Update the velocity using (4).
(2)Update the position using (3).

Step 7: Check the stop criterion. If the stop criterion is not
matched, go to Step 3 and set ¢ =¢+1, otherwise,
output the optimal path and its corresponding
feasible path and stop the algorithm.
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FPGA implementation

This section presents the FPGA implementation of the
proposed GA-PSO using hardware/software co-design
technique. Fig. 2 depicts the architecture of the FPGA
implementation for the proposed GA-PSO. The user IP
cores (custom logic) for this GA-PSO operators have been
developed by VHDL (VHSIC Hardware Description
Language), including random number generator (RNG)
module, particle updating module, GA operations, and
fitness module. Note that the soft-core processor Nios Il is
embedded as path smoother to smooth the discontinuous
path from the GA-PSO path planner. The software-based
path smoother and hardware-based custom logics for the
GA-PSO are connected to the system interconnect fabric
via Avalon memory-mapped interface in one FPGA chip.

GA-PSO Algorithm based on Altera FPGA (EP1S10F780C6)
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Fig. 2. FPGA implementation of the proposed hybrid GA-PSO
algorithm for global path planning

In VHDL GA-PSO processor, the particle position and
velocity are continuously updated according to the p, and

Dou information, thereby moving the particles toward the

optimal solution. The update process can be implemented
by using a simple adder and a multiplier to update the
position and velocity of the particles in the proposed GA-
PSO algorithm. This high-performance hardware module is
implemented by VHDL to efficiently update the particles.

The two random numbers, ¢, and ¢, are generated from

the linear feedback shift register (LSFR) RNG module. The
initial particle data stored in the swarm memory is also
obtained from the LSFR-based RNG module.

As mentioned above, the fitness function can be defined
for its corresponding optimal problem. The purpose of this
fitness evaluation module is to evaluate the particles after
position and velocity update and find out the Dy @Nd oot in

the GA-PSO algorithm. By taking the advantage of high-
performance of hardware implementation, the fitness
evaluation module has been efficiently implemented by
VHDL, thus significantly improving the execution
performance. After the evaluation process, the p, —and

g, for the PSO algorithm will be stored in the swarm

memory. The FPGA-based GA-PSO for solving the global
path planning problem with the fitness function in (1) is
described by the following steps.

Step 1: Use the LSFR-based RNG to randomly generate
the initial particles from the start to the goal.

Step 2: In the VHDL-based GA-PSO, execute the
procedure of particle updating and also check
whether new particles are acceptable. If the new
particles do not satisfy the requirement, repeat this
procedure until acceptable particles are obtained.
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Step 3: Evaluate the fitness values of the particles.

Step 4: Check the stopping conditions. If the stopping
criterion is not met, go to Step 2.

Step 5: Smooth the discontinuous path using B-spline.
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Fig. 3. Experimental results of the proposed GA-PSO and GA path
planning in a complex environment
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Fig.4. Fitness values of the GA-PSO and GA planners to achieve
path planning in a complex environment

Experimental results

The following experiments are conducted to illustrate the
feasibility and merit of the proposed hybrid GA-PSO path
planner together with the B-spline path smoother in different
environments. In addition, the resultant fithess values are
presented for illustration of effectiveness of the proposed
GA-PSO path planner. These simulations are performed
with the parameters: w=0.8, c1=c¢2=1.5. The crossover
probability is 0.7, and the mutation probability is 0.1. Worthy
of mention is that the fitness values of hardware-based GA-
PSO are obtained from the FPGA.

A. Path planning in a complex environment

The first experiment was conducted to present the path
planning and smoothing results for mobile robots in a
complex environment. Fig. 3 depicts the discontinuous
feasible path from the proposed hybrid GA-PSO algorithm
and the smooth collision-free path using the B-spline
modelling. Fig. 4 presents the fithess value of the GA-PSO
for solving the global path planning problem. In order to
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exploit the merit of the proposed hybrid GA-PSO, the
conventional GA used to solve the same problem is also
presented in Fig. 4. As shown in Fig. 4, the hybrid GA-PSO
has better convergence behaviour than GA does.

B. Path planning in a double U-shape environment

Fig. 5 presents the path planning result for mobile
robots in a double U-shape environment. This result has
shown that the proposed GA-PSO is capable of evolving
optimal collision-free path in this environment. Fig. 6 depicts
fitness values for solving the global path planning in a
double U-shape environment using the proposed GA-PSO
and conventional GA. As shown in Fig. 6, the proposed GA-
PSO algorithm converges to the optimal collision-free path
with better fitness value, namely that the proposed GA-PSO
outperforms conventional GA to solve the optimal problem.
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Fig.5. Experimental results of the proposed GA-PSO and GA path
planning in a double U-shape environment
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Fig.6. Fitness values of the GA-PSO and GA planners to achieve
path planning in a double U-shape environment

Conclusion

This paper presents an FPGA-based hybrid
metaheuristic GA -PSO algorithm for mobile robot to find an
optimal path between a starting and ending point in a grid
environment. The proposed GA-PSO has been efficiently
resolved for the global path planning problems in a structure
environment with obstacles. In order to smooth the planned
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paths from the proposed GA-PSO planner, the path
smoother has been proposed using the B-spline smoothing
technique. Through experimental results, the proposed GA-
PSO has been shown to find the feasible paths in different
environments. These experimental results clearly indicate
that the proposed FPGA-based GA-PSO outperforms
conventional GAs.

Acknowledgments

The authors gratefully acknowledge financial support
from the National Science Council, Taiwan, R.O.C., under
grant NSC100-2221-E-197-032.

REFERENCES

[11  A. Hourtash and M. Tarokh. Manipulator path planning by
decomposition: algorithm and analysis. IEEE Transactions on
Robotics and Automation, 17(6)(2001) 842-856.

[2] C. Cai and S. Ferrari. Information-driven sensor path
planning by approximate cell decomposition. |EEE
Transactions on System, Man, and Cybernetics-Part B:
Cybernetics, 39(3)(2009) 672-689.

[3] E. Rimon and D. Koditschek. Exact robot navigation using
artificial potential functions. IEEE Transactions on Robotics
and Automation, 8(5)(1992) 501-518.

[4] I. K. Jung, K. B. Hong, S. K. Hong, S. C. Hong. Path
planning of mobile robot using neural network. Proceedings
of the IEEE International Symposium on Industrial
Electronics, 3(1999) 979-983.

284

(3]

6]

(71

(8]

9]

(10]

(1]

H. Surmann, J. Huser, J. Wehking. Path planning for fuzzy
controlled autonomous mobile robot.  International
Conference on Fuzzy Systems, 3(1996) 1660-1665.

C. Hocaoglu, A. C. Sanderson. Planning multiple paths with
evolutionary speciation. IEEE Transactions on Evolutionary
Computation, 5(3)(2001) 169-191.

R. Nie, J. Yue. A GA and particle swarm optimization based
hybrid algorithm. |EEE Congress on Evolutionary
Computation, (2008) 1047-1050.

S. W. Chen, J. S. Chiou, Y. C. Hu, K. Y. Wang, M. Y.
Shieh. Application of the GA-PSO with the fuzzy controller to
the robot soccer. Proceedings of SICE Annual Conference,
(2010). 2083-2087

C. G. Johnson and D. Marsh. Modelling robot manipulators
with multivariate B-splines. Robotica, 17(3)(1999) 239-247.

Q. Huang, S. Hu. and R. Matin. Fast degree elevation and
knot insertion for B spline curve. Computer Aided Geometric
Design, 22(2)(2005) 183-197.

Z. Wu, H. S. Seah and M. Zhou. Skeleton based parametric
solid models: ball b-spline surfaces. IEEE International
Conference on Computer-Aided Design and Computer
Graphics, (2007) 47-52.

Hsu-Chih Huang: Assistant Professor, Department of Electrical

Engineering,

National  llan  University,  Taiwan, E-mail:

hchuang@niu.edu.tw.

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 88 NR 7b/2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


