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Abstract. This paper proposes an adaptive Fuzzy rule based motion prediction 
algorithm for predicting the next instance position of a moving object. The pre-
diction algorithm is tested for real-life bench-marked data sets and compared 
with existing motion prediction techniques. Results of the study indicate  
that the performance of the predictor is comparable to the existing prediction 
methods. 
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1   Introduction 

Short term Object motion prediction in a dynamic Robot navigation environment 
refers to, the prediction of next instance position of a moving object based on the 
previous history of its motion. Research literature has addressed solutions to the short 
term object motion predictions with different methods such as, Curve fitting or Re-
gression methods, Neural network based approaches, Hidden Markov stochastic mod-
els, Bayesian Occupancy Filters, Extended Kalman Filter and Stochastic prediction 
model[1][2][4]6[7]. The design of a navigational model in an automated mobile Ro-
bot system is influenced by its specific applications, the environment in which it op-
erates and the sensory system. Many navigational model representations have been 
proposed, tested and implemented[3].  

Based on the literature survey it is observed that i) The existing models lack flexi-
bility in handling the uncertainties of the real life situations. ii) Probabilistic models 
sometimes fail to model the real-life uncertainties. iii) The existing prediction tech-
niques show poor response time due to their complex algorithmic structure. iv) Most 
of the approaches validate the results with simulated data. 

The present work provides a novel solution for short term motion prediction using 
adaptive Fuzzy prediction technique. History of moving object motion positions are 
captured in the form of Fuzzy rule base and the next instance object position is pre-
dicted using fuzzy inference process. Because of the multi valued nature of fuzzy 
logic this approach enjoys high robustness in dealing with noisy and uncertain data. 



2 V.S. Rajpurohit and M.M. Manohara Pai 

However, direct implementation of the rule base is not suitable for real-life navigation 
systems due to the formation of huge number of rules. To overcome this drawback 
rule-base is optimized by adaptive navigational environment. 

2   Fuzzy Rule Based Object Motion Prediction 

The navigational environment is modeled as Fuzzy World model [3] which can be 
observed in most of the applications. The Fuzzy representation of the environment 
is shown in Figure 1 with numerical notation for each region. 

 

Fig. 1. Division of Navigation Space into Fuzzy subsets of Range and Direction 

In the rule-base formation phase, rules are defined and added to the rulebase using 
real-life data, expert knowledge base and a simulator. At time t1, the position (An-
gle and Range) of the moving object from the Robot is read. Using Fuzzification the 
observed data is converted to Fuzzy value. At time t2 ( t2 > t1 and t2 − t1 > δ, 
where δ is threshold time difference greater than or equal to 1 sec), the sensor reads 
the position of the same object. The read value is converted to Fuzzy value. The same 
process is followed at time t3 ( t3 > t2 and t3 − t2 = t2 − t1) to get the Fuzzy value 
of the location of the same object under observation. A Fuzzy rule with the positions 
of the moving object at time t1 and t2 as the antecedent and the position of the ob-
ject at time t3 as the consequent is formed and added to the rule-base. Each rule in 
the rule-base is represented as 

I F (R1, θ1) and (R2, θ2) T H EN (R3, θ3) 

where R1 and θ1 represent the Range and the Angle respectively of the object at 
time t1 , R2 and θ2 represent the Range and the Angle respectively of the object at 
time t2, and R3 and θ3 represent the Range and the Angle respectively of the object 
at time t3. 
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Similar rules are added to the rule-base for different objects observed at various 
positions in the navigation environment. In the implementation phase of the predic-
tor, the Robot observes the moving object at time t1 and t2 and sends the data to the 
Fuzzy predictor algorithm. With the application of Fuzzy inference process, predic-
tion of the next instance position of the moving object is carried out. The complete 
process of short term motion prediction is represented in Figure 2. 

 

Fig. 2. Short term motion prediction 

3   Rulebase Optimization Using Adaptive Navigational 
Environment 

To enhance the performance of the predictor algorithm, the basic navigation environ-
ment is altered such that at nearer distance only three, at moderate distance five 
 

 

Fig. 3. Adaptive division of navigation space into Fuzzy regions 
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and at the far distance seven Fuzzy membership functions are defined for angular 
subset by merging adjacent members in the angular subset(Fig. 3). By defining Adap-
tive navigational environment, the number of Fuzzy rules can be decreased as well as 
the accuracy of the results can be further improved. 

4   Experimental Results 

The Fuzzy predictor algorithm is developed in C++ language. The algorithm is 
tested on 1.66 GHz machine in VC++ environment. The tests are carried out for 
real-life benchmarked datasets [5]. Figure 4 represents the movement of the ob-
jects from left to right direction and the corresponding short term motion prediction 
path. Pi and Ai represent the predicted and the actual path traversed by the moving 
object. Pi(G) and Ai(G) represent the predicted goal and the actual goal of the  
object. A1 is the actual path observed and A1(G) is the actual goal reached by the 
object A1. 

 

 

Fig. 4. Prediction graphs showing the few of the path prediction solutions for Short term 
motion prediction 

Table 1. Comparison of Short term predictors 

Short Term Predictor Relative Error Response time 
in seconds 

Neural Network predictor 6-17% 560x 10-3 sec
Bayesian Occupancy Filters 1-10% 100 x 10-3 sec 

Extended Kalman Filter 1-20% 0.1 sec 

Proposed Fuzzy Predictor Algorithm 1-10%  02 x 10-3  sec to  

 05 x 10-3 sec 
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Table 1 compares a few of the well known prediction techniques which are re-
implemented and compared with the developed Fuzzy predictor in respect of response 
time and relative error. From the table it can be observed that the performance of the 
predictor is comparable with regard to relative error but better than the other predic-
tion methods as far as response time is concerned. 

5   Conclusion 

In a dynamic navigation system the Robot has to avoid stationary and moving objects 
to reach the final destination. Short Term motion prediction for moving objects in 
such an environment is a challenging problem. This paper proposes a simplified ap-
proach for predicting the future position of a moving object using fuzzy inference 
rules derived from expert knowledge. Fuzzy based prediction is more flexible, can 
have more real life parameters, comparable to the existing approaches and suited for 
real life situations. The results of the study indicate that, the Fuzzy predictor algo-
rithm gives comparable accuracy with quick response time when compared to existing 
techniques. 
 
Acknowledgments. The authors are thankful to the benchmark dataset provided by 
EC Funded CAVIAR project, CMU Graphics lab and Motion capture web group.  

References 

1. Foka, A., Trahanias, P.E.: Predictive Autonomous Robot navigation. In: Proceedings of the 
2002 IEEE/RSJ International Conference on Intelligent Robots and Systems, EFPL, 
Lausanne, Switzerland, pp. 490–494 (October 2002) 

2. Fayad, C., Web, P.: Optimized Fuzzy logic based algorithm for a mobile robot collision 
avoidance in an unknown environment. In: 7th European Congress on Intelligent Tech-
niques & Soft Computing, Aachen, Germany, September 13-16 (1999) 

3. Angelopoulou, E., Hong, T.-H., Wu, A.Y.: World Model Representa- tion for Mobile Ro-
bots. In: Proceedings of the Intelligent Vehicles 1992 Symposium, pp. 293–297 (1992) 

4. Madhavan, R., Schlenoff, C.: Moving Object Prediction for Off-road Au- tonomous Navi-
gation. In: Proceedings of the SPIE Aerosense Conference, April 21-25 (2003) 

5. Fisher, R., Santos-Victor, J., Crowley, J.: CAVIAR Video Sequence Ground Truth (2001), 
http://homepages.inf.ed.ac.uk/rbf/CAVIAR/ 

6. Zhuang, H.-Z., Du, S.-X., Wu, T. -j.: On-line real-time path planning of mobile Robots in 
dynamic uncertain environment. Journal of Zheing University Science A, 516–524 (2006) 

7. Zhu, Q.: Hidden Markov Model for Dynamic Object Avoidance of Mobile Robot Naviga-
tion. IEEE Transactions on Robotics and Automation, 390–396 (1991) 


	Efficient Object Motion Prediction Using Adaptive Fuzzy Navigational Environment
	Introduction
	Fuzzy Rule Based Object Motion Prediction
	Rulebase Optimization Using Adaptive Navigational Environment
	Experimental Results
	Conclusion
	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
  /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 149
  /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 0.40
    /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 149
  /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 0.40
    /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 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




