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Motivation 
 The growth of elderly population has called for more home service 

robots for elderly care. 
 Current home service robot prototypes are not yet ready for mass 

deployment into real homes due to the lack of robot intelligence 
that can deal with a changing home environment. 
 One or more object classes in the user’s home environment may 

change due to the changes in the user’s preferences or habits, 
which will cause a degradation in the classification accuracy of the 
robot’s local customized model. 
 The robots that have adapted to the initial environments of other 

users’ homes may have learned some knowledge about the new 
home environment. It is obviously more efficient to transfer 
relevant knowledge learned by other robots to the current robot 
than learning environmental changes from scratch. 
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Overall concept 
The proposed cognition adaptation mechanism involves the use of 
knowledge from other robots through the cloud to adapt the local 
customized model to the changes in the home environment. We 
present the conceptual design of the cloud-assisted robot cognition 
adaptation mechanism which consists mainly of three parts:  
 (1)  a global cloud model; 
 (2)  a change detection procedure; 
 (3)  a cloud–robot knowledge 
       transfer procedure. 
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Cloud model building 
As an intermediary that allows knowledge sharing between robots, 
the global cloud model is trained using a cloud dataset, which is 
collected from the local dataset of a collection of robots to ensure 
that it contains all the knowledge learned by the robots. Only a 
small portion of the robot’s local dataset is uploaded to the cloud 
since uploading the entire local dataset will cause a heavy 
communication burden on the robot. Such a data-uploading 
procedure can be implemented in parallel with the robot’s 
adaptation to its initial home environment; that is, a small fraction of 
the manually labeled data will be sent to the cloud once the manual 
labeling process is completed. 
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Change detection 
We use a data distribution based detection method called the 
semiparametric log likelihood (SPLL) method to detect the concept 
drift (CD) of the user’s home environment without newly labeled 
data. SPLL models the historical and current data distributions as 
two Gaussian mixtures and uses the log-likelihood ratio of these two 
distributions as the detection metric: 
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Cloud–robot knowledge transfer  
 The transferability of features in convolutional neural network (CNN) can 

be categorized into two types, either specific to a particular task or 
general across many tasks. 

 We assume that only the higher-layer parameters of the local customized 
model need to be modified with the help of the corresponding parameters 
of the global cloud model, while the lower-layer parameters can remain 
unchanged. 

 Three model fusion methods are proposed to merge the higher-layer 
parameters of the local customized model and the global cloud model: 
 
 
 

 
 Two key factors that affect the effectiveness of the model fusion methods 

are determined: the boundary between the lower layers and the higher 
layers and the weights of the merge-added fusion method. 

AMerge-random fusion : (L) | A B,M R → +

AMerge-combine fusion : (L) | (H) A B,M MΩ → +
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Experimental settings 
The changes in the user’s home environment are defined as the 
addition of several other child classes to some of the parent 
classes. We focused on one representative robot of the robot 
community to conduct experimental evaluations of the proposed 
cognition adaptation mechanism; the parent–child class pattern of 
the initial home environment for this robot is described as follows:  

r
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Results 

Test results of the three model fusion methods with different high–low 
boundaries under the home environment after (a) and before (b) changes 
in the VGG16 neural network 
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Results 

Test results of the merge–added fusion method with different weight 
settings under the home environment after (a) and before (b) changes in 
the VGG16 neural network 
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Results 

Test results of the merge–added fusion method with different weight 
settings under the home environment after (a) and before (b) changes in 
the VGG19 neural network 
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Conclusions 
 We defined the merge–added fusion method whose weights are 

within a certain range and the boundary is a high layer except the 
penultimate layer of the CNN as the best model fusion method to 
merge the global cloud model with the local customized model, 
since it has better performance under the user’s home 
environment before and after changes. 
 For VGG16, parameters of the first 13 layers, which accounted for 

10.95% of the entire set of CNN parameters, did not need to be 
downloaded from the cloud, which means that 10.95% of the 
communication cost can be reduced compared to directly replacing 
the local customized model with the global cloud model. 
 Similarly, for VGG19, parameters of the first 16 layers accounting 

for 14.34% of the entire set of CNN parameters did not need to be 
downloaded from the cloud, and thus 14.34% of the 
communication cost can be reduced compared to directly replacing 
the local customized model with the global cloud model. 

Front In
form

 Technol E
lectro

n Eng


	Cloud-assisted cognition adaptation for service�robots in changing home environments
	Motivation
	Overall concept
	Cloud model building
	Change detection
	Cloud–robot knowledge transfer
	Experimental settings
	Results
	Results
	Results
	Conclusions


<<

  /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 false

  /CreateJobTicket false

  /DefaultRenderingIntent /Perceptual

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /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 /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /Warning

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 600

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.01667

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /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 300

  /GrayImageMinResolutionPolicy /Warning

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 600

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 2.03333

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /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 1200

  /MonoImageMinResolutionPolicy /Warning

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 2400

  /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 (sRGB IEC61966-2.1)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<





    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /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 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /DEU <>

    /ENU <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

  >>

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice





