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Abstract. This paper presents the initial steps followed in order to build an on-
tology about robot navigation (including specifically alternative navigation al-
gorithms). Tackling the problem from general to specific, we start analyzing the 
desired behavior for generic mobile robots, in order to get common tasks and 
methods. Then, we fix our attention into the agricultural spraying robot devel-
oped in the University of Almeria by a multidisciplinary team. Because the field 
of robot navigation is consolidated, there are many algorithms (methods) to per-
form same activities (tasks). Our goal is to build an ontology including all this 
alternative methods, applying the dynamic selection of methods to make deci-
sions in real-time depending on the environment conditions. Here we show the 
task-method diagrams with the parameterized description of some of alternative 
methods, using Fitorobot as testing case. 

Keywords: Knowledge management, Ontology, Dynamic selection of methods, 
Path planning, Spraying robots. 

1   Introduction 

For a long time, research centers and universities have been looking how to facilitate 
human work (releasing humans of the most dangerous tasks), applying robotic tech-
niques. In this sense, and given that most of the tasks require human displacements, it 
is required to design robots that incorporate navigation algorithms. One of the main 
income sources of the Province of Almeria is agriculture. In this context, a multidisci-
plinary research group of the University of Almeria is working in the design of a 
mobile robot (called Fitorobot) that permits movement between lines of crop, and the 
performance of several greenhouse tasks such as spraying, pruning, and crop transport 
(see Fig. 1).  

Initially, in order to control the robot navigation we considered two different ap-
proaches: a map-based deliberative technique and a pseudo-reactive technique. These 
approaches could be integrated as a two levels decision tree. At the first level it is 
fixed the task to be performed in order to reach the final objective (when it is required 
this decision). In the second level, it is selected the best method in order to achieve 
the objectives of the task (different methods suppose alternative ways to reach the 
task goal). The general idea is to assemble a navigation model of the mobile robot as  
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Fig. 1. Lateral view and back view of the mobile robot Fitorobot into a greenhouse 

general as possible, deciding between the different navigation alternatives on the fly. 
In order to do this, we must build a general ontology of navigation algorithms (and 
their components), that including all the tasks and methods, would constitute a battery 
of parameterized navigation elements as general and complete as possible. 

2   System Description 

Our testing robot, Fitorobot, has a differential-drive mechanism of locomotion. The 
system is composed of two rubber-tracks, which provide a larger contact surface with 
the soft ground of the greenhouses, making it more robust and stable. This robot has a 
mass of 756 kg (with the spray tank full), and it has appropriate dimensions for the 
typical corridors of greenhouses in south-eastern Spain. It is driven by a 20-hp gaso-
line engine. It also has a low-cost sensor system, including low-distance ultrasonic 
sensors, middle-distance ultrasonic sensors, magnetic compasses, incremental encod-
ers, radars, and security sensors (see Fig. 2a). Furthermore, for spraying control, a 
pressure sensor has been installed. 

About the navigation techniques, it starts evaluating if it is accessible a map of the 
greenhouse; in this case it applies a deliberative method. On the other hand, when 
there is no map, a pseudo-reactive algorithm is used. Moreover, a sensorial map is 
built along the path, to be employed by the deliberative method in later runs. The two 
previous approaches utilize a security layer to avoid collisions; this layer uses on/off 
sensors. Finally, it has a low-level (servo) control layer composed of two PID control-
lers that regulate the speed of the tracks. Fig. 2b shows the navigation strategy schema 
for the mobile robot proposed in [1] by R. González et al. 

Greenhouses are structured environments where the distribution of plants is at least 
partially known. The main obstacle to the movement of mobile robotics in green-
houses is related to the fact that navigation algorithms should take into account unex-
pected events (humans working in the greenhouse). Furthermore, appropriate filters 
for the sensor readings, and robust navigation strategies should be examined. 
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Fig. 2. Fitorobot: a) Sensorial system and b) Navigation strategy implementation (after the 
integration of the different methods, including lower level security) 

3   Methodology 

The knowledge model, about the navigation of mobile robots described in this works, 
was assembled using some elements of the CommonKADS methodology and the 
dynamic selection of methods (DSM). Now, we are going to introduce those tech-
niques and a short resume of the navigation algorithms included in the system. This 
knowledge model, despite it has been developed for Fitorobot, is general. 

3.1   Path-Planning Algorithms (Methods) 

From the highest point of view, planning the movements of a mobile robot can be 
done using two main approaches: global (deliberative) techniques and local (reactive) 
techniques. First group requires the knowledge of the robot environment, second 
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Fig. 3. Common algorithms for path planning (as described in [2]) 
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 group do not. In our work case, as the robot is moving into a given environment, a 
greenhouse, it would be possible to apply the global approach; but, some alterations 
(as a box in the path) force the application of a combination of map based algorithms 
with reactive ones.  

Fig. 3 shows most usual movement planning algorithms, classified following the 
previously given dichotomy: global and local planning algorithms. [2] offers a short 
description of these algorithms with a tool that let us to observe their behavior in 
different situations in a fully interactive way. This way it has been possible to evalu-
ate the suitability of the different methods for the specific situations to be used in the 
process of dynamic selection of planning methods. 

3.2   CommonKADS Methodology 

The CommonKADS methodology was consolidated as a knowledge engineering 
technique to develop knowledge based systems (KBS) at the beginning of the 90’s 
[3]. It includes a kernel set of models, which are summarized in Fig. 4a. In our case, 
we have worked in the knowledge model and specifically in the assembling of tasks, 
methods, inferences and domain knowledge elements, as presented in Fig. 4b. 

 Organizational 
Model 

Task 
Model 

Agent 
Model 

Communication 
Model 

Design 
Model 

Knowledge 
Model 

Knowledge or Experience Model

Domain 
Knowledge 

Inference 
Knowledge 

Task 
Knowledge 

Problem Solving 
Method Knowledge 

 

Fig. 4. CommonKADS models: a) Set of models, b) Knowledge model components 

The most representative tools to model the problem solving mechanisms are the 
Task-Method Diagrams (TMD), that present the relation between one task to be 
 performed and the methods that are suitable to achieve this task, followed by the 
decomposition of these methods in subtasks, transfer functions and inferences (final 
implemented algorithms), as shown in a general way in Fig. 5. The main problem to 
be solved is represented by the highest level task [4]. 

3.3   Dynamic Selection of Methods 

A given task can be achieved by more than one method, and these can be applied 
only in specific environmental conditions. This way, it would be required that the 
robot selects one of the suitable methods on the fly (using data received from its 
sensors).  
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Fig. 5. Simple TMD 

Table 1. Suitability criteria of 4 alternative methods (for path-planning) 

Algorithm Minimum distance Computing time Obstacle proximity 
Wave-Front 1 1 3 
Voronoi Diagram 2 2 1 
Cell Decomposition (Quadtree) 2 2 4 
Irregular Cell Decomposition 1 3 4 

We proposed to assemble a general decision module that, taking account of the 
suitability criteria defined for each alternative method and actual data, would activate 
the most adequate method. These suitability criteria are assigned weights whose val-
ues can be update both manually and automatically [5]. Table 1 shows the main suit-
ability criteria for the methods that compute the most adequate path for the spraying 
task in a partially known greenhouse. The cost function considers the three criteria, 
using a higher weight for the third one (it is the most relevant); when there are near 
obstacles are preferable last two methods, if we have enough computing time. This 
technique was used previously in configurational design of greenhouses and aeronau-
tic conformation pieces as described in [5]. 

4   Modeling the Navigation System 

Modeling the knowledge, we try to explicit all the knowledge implicit in the texts 
written by field experts (in our case, the navigation of mobile robots). Assembling 
these models required of an intensive bibliographical evaluation. 

We propose a generic knowledge model about the navigation of robots, based in 
the CommonKADS methodology (mainly some modeling tools) and the dynamic 
selection of methods, to be used by the navigation subsystems of mobile robots. From 
a general point of view, within this area, we can find a huge casuistic, given different 



 Path Planning Knowledge Modeling for a Generic Autonomous Robot: A Case Study 79 

 

environment characteristics (as the different obstacles) and the kinematic, dynamic 
and sensorial characteristics of the robot. As an extreme example, we could find dif-
ferent types of obstacles less o more “dangerous” for the robot (e.g. a less stable ob-
jects could easily fall on the robot when contacting it, causing different damages). For 
this reason, the knowledge model must include a very detailed specification of each 
one of the elements involved in the navigation tasks, in order to offer the robot the 
most appropriate alternative for each particular situation. 

This model of knowledge starts from a global problem, that it is navigating in its 
specific environment in order to achieve a specific objective (this is therefore the 
main task of our model). Achieving this general objective, under the specific condi-
tions of the system (in this level the availability of a map of the environment, that 
means that it is known or not), can be done activating two initial alternatives: global 
or local methods. First group supposes calculating an efficient path using a specific 
criterion (minimum distance, maximum distance to obstacles,...), rising new tasks 
(second order tasks). The second group of methods may require the application of an 
exploration task (recognition of the environment to generate a map) or the application 
of a task that starts the navigation of the robot detecting and avoiding obstacles on the 
road. If it is explored the environment, generating a map, the global method previ-
ously described would be applicable. As the description of this model is huge, Fig. 6 
shows the higher level elements of the associated TMD. 

The “Traverse-along-a-Path-Segment” task repeats iteratively the two subtasks that 
compose it, the “Planning-of-Path-Segment” and “Tracing-Calculated-Path-Segment” 
tasks, strictly in this order until reaching the goal position or finding that it is unat-
tainable. This iterative execution of a task is represented by an * on the top right of 
the task symbol. 
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Fig. 6. Partial representation of a TMD for mobile robot navigation 
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The Convex-Hull inference evaluates the convex boundary for an obstacle or set of 
obstacles. It is used when the system detects an obstacle or set of obstacles near the 
robot with any concave vertex in its boundary. As shown in the CML description of 
this inference, this algorithm is not executed when the robot is located or must access 
an area inside a concave region of the obstacle (in order to avoid the inclusion of the 
trajectory inside the virtual object. 

Dynamic selection of methods is applied, for example, in the task of calculation of 
the efficient path. In this case, we show only two alternatives (from the wide set of 
alternatives found) for the achievement of the task goal; these alternatives have been 
assigned a set of suitability criteria and associated weights. These suitability criteria 
and weights let the system to decide which method must be activated. 

As proposed in CommonKADS, the different elements (tasks, methods and infer-
ences) of the previously defined TMD are modelled using CML schemas. These 
schemas formalize all the knowledge associated to each one of these elements. Next, 
we show some relevant parts of an inference used in the diagram. This is used to 
model one process (algorithm) that let the robot to reach some partial goal. 

A simplified description of the Convex-Hull inference would be: 

INFERENCE Convex-Hull; 
OPERATION-TYPE: calculate; 
ROLES: 
INPUT: 
visibility-graph: 
"formal description of a graph, that represents all the 
vertices of the obstacles and the initial and final  
configurations; these vertices are matched according to 
their visibility, ie whether the line that connects them 
do not intersect with any other obstacle"; 

OUTPUT: 
convex-visibility-graph: 
"formal description of the visibility graph, representing 
the obstacles as convex polygons; if the initial or final 
configuration is included into a concave area of an  
obstacle, this inference is not applicable"; 

SPECIFICATION: 
"1. Look for the vertices with higher and lower values of 
x and y (4 vertices). 
2. Order all the vertices by increasing value of x. 
3. Select the vertex with the lower value of x (x

min
). Put 

it in a stack and look for the extremes between vertices 
x
min
 and y

min
. 

a. Compute the slope of all the lines that start from 
the vertex which is at the top of the stack and go to 
all the vertices that are at the left of y

min
 and right 

and below of that located on top of stack. 
b. Select the vertex associated to the line with the 
more negative slope, and put it in the stack. 

4. Repeat step 3 with the new vertex on the stack until 
the vertex corresponding to y

min
 would be put on the stack. 

5. Repeat steps 3 and 4 drawing the lines between the y
min
 

and x
max
 vertices, looking for the vertices on the right of 

y
min
 and on the left and down of x

max
 with minimum positive 

slope. 
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6. Repeat steps 3 and 4 drawing the lines between the x
max 

and y
max
 vertices, looking for the vertices over x

max
 and 

right and down of y
max
 one, with maximum negative slope. 

7. Repeat steps 3 and 4 drawing the lines between the y
max
 

and x
min
 vertices, looking for vertices down of y

max
 and on 

the right and over the x
min
 one, with minimum positive 

slope" 
END INFERENCE Convex-Hull; 
 
This way, the CML schemas of all the elements (task, methods, inferences and trans-
fer functions), that configure the TMD for robot navigation, are assembled. 

5   Conclusions and Future Works 

Main objective of this work was to present a dynamic mechanism to order the differ-
ent/alternative algorithms for robot navigation. Main advantages were to facilitate 
further addition of new algorithm that could be developed in the future, and the capac-
ity of deciding on the fly the most adequate to be used in specific conditions (in a 
general way). We present a general planning system that would decide the most ade-
quate algorithm to be used, selecting one method from our repository of well param-
eterized methods. 

In order to evaluate the proposed mechanisms of dynamic selection of methods in 
robotics, actually we are preparing the use of these techniques in the field of social (or 
sociable) robots, where there are much more application opportunities with wider and 
more complex alternatives. 

References 

1. González, R., Rodríguez, F., Sánchez-Hermosilla, J., Donaire, J.G.: Navigation Techniques 
for Mobile Robots in Greenhouses. Applied Engineering in Agriculture 25(2), 153–165 
(2009) 

2. Guzmán, J.L., López, O., Berenguel, M., Rodríguez, F., Dormido, S., Piguet, Y.: MRIT: 
Mobile Robotics Interactive Tool. In: Internet Based Control Education IBCE 2004, Greno-
ble (2004) 

3. Schreiber, G., Akkermans, H., Anjewierden, A., de Hoog, R., Shadbolt, N., Van de Velde, 
W., Wielinga, B.: Knowledge Engineering and Management. The CommonKADS Method-
ology. MIT Press, Cambridge (1999) 

4. Bienvenido, J.F.: Selección dinámica de métodos y reutilización de elementos de cono-
cimiento: Una extensión a CommonKADS aplicada a problemas de diseño. PhD, University 
of Murcia (1999) 

5. Bienvenido, J.F., Flores-Parra, I., Guirado, R., Marín, R.: Knowledge Based Modeling of 
the Design Process as a Base of Design Tools. In: Moreno-Díaz Jr., R., Buchberger, B., 
Freire, J.-L. (eds.) EUROCAST 2001. LNCS, vol. 2178, pp. 209–222. Springer, Heidelberg 
(2001) 

 


	Path Planning Knowledge Modeling for a Generic Autonomous Robot: A Case Study
	Introduction
	System Description
	Methodology
	Path-Planning Algorithms (Methods)
	CommonKADS Methodology
	Dynamic Selection of Methods

	Modeling the Navigation System
	Conclusions and Future Works
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




