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Abstract. In this paper we present five algorithms for the detection of spatial 
relationships within an image: above/below, adjacent to, occlusion, between, 
and close to. 
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The use of spatial relations has importance in understanding what people take away 
from diagrams, and the generation of scene descriptions. 

We present five computational spatial-relation detectors intended to functionally 
model human perceptions corresponding to English words: above/below, adjacent_to, 
occlusion, between, and close_to. We model them after high-level representations 
found in language.  

According to [1], spatial terms parse the space around some reference object(s) 
into regions, with some regions being more prototypical characterizations than others. 
Fuzzy logic captures this vagueness, describing the truth value of a spatial proposition 
with a real number between 0 and 1. 

We use image data from an online game called Peekaboom [2], which consists of 
labels associated with point clouds in images. That is, we know “where” the label is in 
each image. For every pair of labels our system uses the detectors to generate spatial 
propositions with corresponding fuzzy values. For example, if a cup is above a table, 
our system might output a fact such as (cup above-below table .9). 

Above/Below. The computations we use are based on Bloch’s [3] fuzzy approach. 
The target object is assigned a status of ‘above’ or ‘below’ the reference object 

based on whether its centroid’s y-axis has a lesser or greater value than that of the 
reference object’s y-axis value. A slope is then found for a line connecting the target 
and reference object’s centroids using the rise and run. If the run equals 0 then the line 
is perfectly vertical and the relationship receives a belief score of 1.0. Otherwise,  
an angle of deviation is calculated by taking the arctangent of the line slope; this 
represents the angle between the line and the horizon. We calculate the truth value by 
applying: the vertical trigometric, sin^2, function of the arctangent (sin^2(angle)). 

Adjacenct_to. People intuitively see two objects as adjacent if some edge of object A 
is near, or touches, some edge of object B [4]. Additionally, we hypothesize another 
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relevant factor: that object area in relation to the shortest straight line that can be 
drawn between the facing edges of the objects. Intuitively we may judge two very 
small objects as not adjacent if the distance between them is much larger than the area 
of one or both of the objects. 

If the objects overlap, or if there is an object between the target and reference, the 
truth value returned is 0.0. If the shortest distance between the objects is <= 1 (pixels), 
a truth value of 1.0. A percentage is then derived from a ratio of minimum distance 
between the objects over the size of the target object. A truth value is then returned as 
such (ratio to truth value): <2.0 to 1.0, <6.0 to 0.8, <12.0 to 0.5, <18.0 to 0.2, and 
>20.0 to a value of 0.0. 

Occlusion. A contour junction in occlusion is where two contours meet and one of 
them appears to abruptly end. Most contour junctions are called T-junctions, where 
the stem is the occluded contour and the crossbar is the occluding contour [5]. Closure 
is when the continuation of a stem from one junction closes off a region by connect-
ing to the stem of another junction; non-closure is when the stems do not close off a 
region [6]. 

There are three cases of occlusion to account for: A) where a smaller object oc-
cludes a larger object, and the smaller object is completely contained within the larger 
object's convex hull, resulting in no contour junctions. If one of the objects has all of 
its coordinates located within the convex hull of the other, it is returned as the occlud-
ing object. B) is when occlusion occurs but neither object is completely contained 
within the other. Lines of the convex hulls are checked to determine whether they 
partially share line functions – if so, the algorithm looks to find a line that forms a 
junction with the shared line. The object with the line that forms a junction with the 
shared line is returned as the occluded and the other as the occluding. C) is somewhat 
similar to Case B, however it deals with instances of closure, where the occluded lines 
of an object are perceived to (or do) meet at a point. 

Truth values are then output based on the percentage of the occluded object’s area 
that the occluding object occupies. Example: 90% = 0.9, 80% = 0.8, etc. 

Between. The algorithm finds the centroid and area for all three objects. If the target 
hull overlaps either reference object by 50% the algorithm returns a truth value of 0.0. 
Otherwise, the convex hull of betweenness (βCH) is generated - defined as per [7]. 
This joins the reference objects’ hulls together and then returns a hull representing the 
space between them. If the target object has no overlap with either reference object 
and its centroid falls within βCH, a truth value of 1.0 is returned. 

If the overlap of the target convex hull with a reference object is between 0-50%, 
the detector returns a value calculated by the formula: 1 - (greatest overlap ratio/2). 
The greatest overlap refers to the greatest ratio of a reference object’s convex hull 
which is overlapped by that of the target object. 

If the target centroid does not fall within βCH, the algorithm: (i) calculates the pro-
portion of the target hull that overlaps with βCH to obtain overlapConvexBetween, and  (ii) 
draws a circular field of betweenness, βCirc, between the reference objects, and deter-
mines the proportion of the target hull that overlaps with βCirc to obtain overlapCircBe-

tween. The diameter of βCirc is the shortest distance, x, between the reference objects, 
and its centroid is the midpoint of x. The truth value is the greater of overlapConvexBe-

tween and overlapCircBetween. 
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Close_to. We propose two hypotheses for ‘close to’ detection: The ad hoc unit scal-
ing hypothesis and the framed space comparison hypothesis. 

The ad hoc unit scaling hypothesis states that the distance between object A and 
object B is judged by estimating how many copies of A fit in the space between the 
objects (Robert Thomson, personal communication, February 13, 2009). This predicts 
that the order of presentation of the objects will affect the distance judgment. This is 
important when the two objects vary largely in size. 

The framed space comparison hypothesis states that while objects remain the same 
distance apart in absolute terms, the larger the image frame, the closer the objects 
appear to each other. 

First, an ad hoc unit scale judgement is made by finding the closest points between 
the target and reference. The line between these points is then extended through the 
target object to find the ad hoc unit. This unit is compared to the distance between the 
objects by finding a distance to ad hoc unit ratio. A belief value is then assigned from 
the ratio. Example (ratio to truth value): <=1.0 to 1.0, <2.0 to 0.9, <2.9 to 0.8, <3.1 to 
0.5, <4.1 to 0.2, and otherwise a 0.0 truth value. 

The second function makes a frame-space comparison judgement. It finds the area 
between the objects and calculates a ratio of the area to the overall area of the image. 
This ratio is then assigned to a truth value. Example (ratio to truth value): <0.020 to 
1.0, <0.025 to 0.8, <0.033 to 0.5, <0.05 to 0.2, and otherwise a value of 0.0.  

The two judgements are united using a function which takes the belief value of 
each judgement, assigns a weight to them, and then outputs their combined belief 
value. 

By modeling spatial relationships after spatial terms in natural language we are 
able to capture linguistic parameters associated with different spatial relations as well 
as some of the perceptual mechanisms behind them.  

References 

1. Hayward, W.G., Tarr, M.J.: Spatial Language and Spatial Representation. Cognition 55, 
39–84 (1995) 

2. von Ahn, L., Liu, R., Bloom, M.: Peekaboom: a Game for Locating Objects in Images. In: 
Proceedings of the Special Interest Group on Computer-Human Interaction Conference on 
Human Factors in Computing Systems, pp. 55–64. Association for Computing Machinery, 
Montreal QC (2006) 

3. Bloch, I.: Fuzzy Spatial Relationships for Image Processing and Interpretation: a Review. 
Image Vision and Computing 23, 89–110 (2005) 

4. Rosenfeld, A., Klette, R.: Degree of Adjacency or Surroundedness. Pattern Recogni-
tion 18(2), 169–177 (1985) 

5. Sedgwick, H.A.: Visual Space Perception. In: Goldstein, E.B. (ed.) Blackwell Handbook of 
Perception. Blackwell Publishers Ltd., Massachusetts (2001) 

6. Boselie, F., Wouterlood, D.: A Good-Continuation Model of Some Occlusion Phenomena. 
Psychological Research 54, 267–277 (1992) 

7. Bloch, I., Colliot, O., Cesar Jr., R.M.: On the Ternary Spatial Relation “Between”. IEEE 
Transactions on Systems, Man, and Cybernetics - Part B: Cybernetics 36, 312–327 (2006) 


	Modelling English Spatial Preposition Detectors
	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




