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Abstract. In this paper we present the minedICETM computer archi-
tecture and network comprised of neurological instruments and artifi-
cial intelligence (AI) agents. It’s called minedICE because data that is
“mined” via IntraCortical Electroencephalography (ICE) located deep
inside the human brain procures (mined) knowledge to a Decision Sup-
port System (DSS) that is read by a neurosurgeon located either at the
bedside of the patient or at a geospatially remote location. The DSS
system 1) alerts the neurosurgeon when a severe neurological event is
occurring in the patient and 2) identifies the severe neurological event.
The neurosurgeon may choose to provide feedback to the AI agent which
controls the confidence level of the association rules and thereby teaches
the learning component of minedICE.

1 Introduction

The detection and interpretation of abnormal brain electrical activity in patients
with acute neurological injury remains an area of significant opportunity for tech-
nological advancement. Neurosurgeons know that when a patient arrives in the
emergency room (ER) with a severe head injury, they rely on their intuition
and relatively limited external data to choose the necessary treatment modal-
ity. Aside from the initial injury, the brain tissue in these patients is extremely
susceptible to secondary injury from ongoing abnormal (and preventable) phys-
iological processes. Although a number of invasive neuromonitoring systems ex-
ist, current modalities either provide indirect measurement of brain health (and
are therefore difficult to interpret) or have limited sensitivity and specificity
for accurately identifying critical and deleterious changes in brain health. To
overcome this limitation, Waziri developed Intracortical Electroencephalogra-
phy (ICE) [10] a technique by which specialized multicontact electrodes can be
placed into the cerebral cortex through a burrhole generated at the bedside, as
illustrated in Figure 1. Through the use of ICE, high amplitude and high fidelity
EEG data can be recorded in an otherwise electrically noisy environment.
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Fig. 1. Intracortical Electroencephalograph (ICE) Pin, Side Elevations: ((a) ICE 2 in-
serted through periostem 5, skull 6, arachnoid and pia mater 7 into brain 8 in varying
positions 9. Receiving electrodes 1 encapsulated by brain 8. Electrodes 1 transmit
signals along wire 3 to end 4 where it is connected to computer. (b) Cannula and
internal lumen 2 with drainage hole 4 and sharpened end 8. Electrodes 1 at electrode
region 17 allow insertion through burr hole 5 traversing brain 9. External region 6of
cannula remains outside of skull. Connection conductors 7 combine into a single wire
2. Drainage holes 10 in drainage region 8 provide openings for fluid to flow 4. Support
member inserted through 4 into internal lumen for accurate placement).

1.1 minedICE Architecture

The authors have tested systems on humans and pigs using Weka, Matlab, RSES
and TunedIT to run KDD techniques in the initial interpretation of EEG data.
Herein we present a system that, from a high level, dynamically reads and con-
verts EEGs into the time and frequency domains where it compares them to a
database and then instructs a DSS to tell the neurosurgeon how confident it is
that a particular neurological event is occurring (see Figure 3). If the surgeon
provides feedback, it updates the association rules and confidence algorithms
making it more intelligent for the next patient. The basis of the architecture has
been the author’s work using deterministic finite automata [8], [4], [5], [6]. Now
the authors move on to detecting life threatening neurological events [7].

Figure 2 §(a) represents a single patient-to-neurosurgeon view and §(b) one
of many ways a hospital could link multiple patients to multiple neurosurgeons.
Signals received at the 1st receiving unit 1 are channeled in real time to two ar-
rays, one in time domain and the other in the frequency domain. A discrete finite
automata module segments critical areas for the discretization units autonomous
to each of the two time and frequency streams. A first stream of discretized data
is compared to a database that contains association rules where an identity ζ,
number π located at frequency μ has a confidence of σ. Accordingly, each (ζπ

μ )σ

is passed 1) to update the AI module and 2) to the DSS unit. DSS interpolation:
The plurality of (ζπ

μ )σ are associated with an ontology in the DSS 2 module
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Fig. 2. Architecture: ((a) Local architecture: 1st Receiving Unit 1 DSS 2, 2nd Re-
ceiving Unit 3, AI module 4 central database 5 neurosurgeon 6 and patient 7. DSS
connection to Neurosurgeon 7 and AI receiver from neurosurgeon 8. (b) Hospital WAN:
Plurality of 1st Receiving Units 1 single DSS server2, single 2nd Receiving Unit server
3, AI module 4 central database 5 neurosurgeons 6 and patient 7. DSS connection 7
AI receiver 8 ).

which alerts and tells the neurosurgeon 6 the state and the probability of that
data mined neurological state. The 2nd Receiving Unit 3 receives feedback from
the neurosurgeon which converts various forms of input back to the (ζπ

μ )σ format.
Machine Feedback: Utilizing an unsupervised algorithm by the author illustrated
in [3] the difference in the confidence level of each σ in (ζπ

μ )σ [11], is φ(x) for
each number π ∈ score. It is only at this point the database 5 is updated and
the associated rules relying on the new (ζπ

μ )σ in the 1st receiving unit 1 are
updated.

2 Experiments

In order to separate and classify each significant portion of the streaming ICE
signal π in terms of the Fast Fourier Transform (FFT) coefficients of the ar-
tifact polluting the signal we extract the features of the ICE 4 times for each
threshold π before using classical KDD tools as illustrated in Figure 4 to iden-
tify each relevant ζπ where π is compared when (π ∈ 1, 2.5, 5....10) for n = 256
and (π ∈ 1, 2.5, 5....10) for n = 2048. Next we divide each signal π of the set
of selected signals Π into equal-sized non-overlapping hops with size 2n sam-
ples Θπ = θ1(π), θ1(π), θ2(π), ..., θr(π) where r is the size of (π)

2n Once this is
repeated for both n = 256 and n = 2048 for each signal π we pick up hops
θi(π)(1 <≤ 1 ≤)r such that s hops for π form the set Γ π (Γ π ⊆ (Θπ(Γ π =
(γ1(π), γ2(π), ..., γr(π)))). Now that we have picked up our significant hops we
perform FFTs on them such that the amplitude of the complex portion is calcu-
lated and stored as a pointer. A simple aggregation loop is them performed at
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Fig. 3. Interim Architecture: I. Learn classifiers between pig / human neurological
states. II. 1st Receiving unit sends discretized signal to AI and DSS. III. minedICE
procures DSS to neurosurgeon. IV. Neurosurgeon provides feedback.
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Fig. 4. Receiving Unit to Classification

each pointer as they turn up in the system. The results are now ready for our
KDD experiments.

To test the feasibility of the various KDD Tools we used C++ DFA1, SVM
Weka/J48, Bayes, DFA, Bratko/Orange and RSETC to build models for each
of 9 Reports, made for the purpose of this test wherein the authors provided 9
test junctures in signals wherein the overall curve of the DFA tree resembled an
arc. These reports were named according to the Power spectrum at each point.
As shown in Figure 5 one sees the Report 11010 etc which acted as the training
data and we chose the J48 decision tree as our classification algorithm. To test
how the Weka instantiated a tree we found that it did break off at 9 leaves with
12 branches. We were not able to get Orange to output a similar tree. Looking
at Figure 5 we see that the Weka /J48 system correlates closest to the training
set’s general arc. It is interesting and certainly cause for investigation why SVM
hsot up, rather than down at Report11011. It is also interesting that DFA, C++
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DFA1, RSES and Bayes are clumped together after Report11011 in the 1,000
to 2,000 range. It is also interesting that at Report 11110, apart from Bayes,
Bratco/Orange, and C++ DFA 1, all the KDD tool nailed it on 2,500 perfectly.

3 Conclusion and Future Work

The system is able to datamine a stream of signals and pickup the correct pat-
terns from within FFT’s. This is the good news. The bad news is that these tools’
results should have been much closer. Our future work will be to analyze why
the disparities of the experiments existed. Also we were not able to match the
data in a form to work with Action Rules as in the past [1], [9]. This may turn
out to be crucial because as the crucial element in minedICE is that the system
must learn [2]. As the system learns and makes new rules some of the form of
Action Rules or TV Trees may be necessary to manipulate the tree for the DFA.
We may find that Weka/J48 is not the best when we correct out possible errors.
We may also find that out methodology of converting the signals into FFTs for
the classification module is inherently flawed. Essentially we need to run these
tests a lot more and make the system more robust. Again though, we know that
as each set of tests are concluded the machine is getting to the point that it will
read actual human data and possible save lives.
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Experiments on Extracting Emotions from Music. In: Proceedings of the IIS 2005
Symposium on Intelligent Information Processing and Web Mining, Advances in
Soft Computing, pp. 395–404. Springer, Gdansk (2005)


	Knowledge Discovery Platform For Neurophysiological Artificial Intelligence
	Introduction
	minedICE Architecture

	Experiments
	Conclusion and Future Work



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /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 800
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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 [595.000 842.000]
>> setpagedevice


