dynalLYZE—an analysis package for time-series NIRS imaging data

Y. Peil, H. L. Graber'2, Y. Xu!2 and R. L. Barbour!?

Medical Technologies LLC / 15 Cherry Lane / Glen Head, NY 11545 / cschmitz@nirx.net, *Dept. of Pathology / SUNY Downstate Medical Center / 450 Clarkson Ave. Brooklyn,

Models generated by GiD Results obtained from
INTRODUCTION POST-PROCESSIN preprocessor o other mesh Detector Prepracess A CLINICAL EXAMPLE; FUNCTIONAL NEUROIMAGIN

Yo New s il Tonogrpy, DYNOT, e e ol insin o cios sty 1 o 0 o ity ot rsesing o alcion of e s st b v detctor data s, normlized detector dat et generation tools Focal neuronalactiation s expected toproduce an event rlted flow, casing oume with (561 An
s s, i order o nforomtion invalvin s fuction m.m,www d,m,,,wm,“,‘ i response econsrucied image dats st The operatons i he i . Fraguenc Amass. Corraion Ay, el s Rt Al xanpl f o Sl o o s o, e hesdof 0 il (oo o) n espos o box-car fingr pping rdign & shown i Figr 6
i) et S e e e e e I Ao e R L e o e et e LY v Y e ———— Load multiple- Ulusirated fingesapping. Shown i Figure 7 are esits rom a simir cxperiment n
oo e gt VMRS ol ot SN e | i Gelocto progrosesing, kmage ecoustrasion, e i Load pre-computed sets of vavelongth normalized ere the response. obtained when the GLM L with the

iy (5. e ey, gl spuaton e oo and e ). i cach bl e s el 203 ialyston ks St Spareion st i o T st v gt conoe it s sraion s 1, Tt i o 0 Loud FEM model reference-medium detector ® - nctic,
L 2 ey o b g ol s PCA) G o 0. o e bt ol hnd i e sl sempton, s readings, used by the NDM [2] detector data sets and (o he boxear makes s sinifican conrbuton o the verall e it n oty  singi, highy loalze, gion hat slted pprasiaely 0.5-1.0 e below the

lgorithnof Mogedey and Schuser, which oeraes on a use-specified subst o oo T s il operion s gl e small ancillary information files ‘arfac,a fnding i consistent withrsults rom MR
ol (OLYD copaatin 13, i s o e o I i o, s ol b f el e e e GLB
dynal.YZE OVERVIEW M v Y 5 Protocol fo datacollection and analysis:

Insrumentation: A mulichannel continuous wave (CW) e nfared (NIR) opicsl tomograpti imager (DYNOT Systen, NIRx Mecicl Technlogs, LLC.

Gilen Head, NY),

it gl ighanded eyl el
i were colected from 24 channels i

[ o oot 576 i

temporal brain aren.

T Aflr 220 ot of s it ysclosdthe st allted 3 ok s (40 . 1) of it b s st o it

dmal YZE basically supports thece classes of ansysis tools: Tools for pre-proccssing of raw, muliple-vavelength detector dat, image reconstrution (1, 1) from
malized muli-wavelength detctor dta, and posi-processing of the detector/image data. A schematic of thes operations and a flow diagram of ther use is gven in Frequency Analyss calculates Fourir ransforms (Sce Figu
Figure | d

(6) and region-of interest

(31060 of slectd data time seres. Frequency fileing (Fi. 5

Generation of
Inverse system (NDM)

Stz
e T e e e s g

Correlation Analysi, with an intrfacesimilr o that for Frequency Analyss,caculats and displays results of eross-corslation, ross-specral density (Fig Reorganized
or

SVDof v
matrix

Load good_channels.txt and

. . - without bad channels 3 it resting ok
DYNOT Sysem FEM Model ) Wan channels_references.xt files D T
i Post Processing Bt Al i el s s i sl n sl i 5 g st e tntion s Stk Gel generated in Preprocess step Low, s w v<
fet : y " p—— I thebaelne e tevalvere v nsubsqent s
y s mliple vl : ceoding 13 modificd Lambert e, RpR——
e time series (One e 1045 compaing ol verss s, e lioar & quacrutc dernding were crid .
Signal - e Recovery
Separation e —_— Matlab-based 2D time Tnagesof 4, (bsoption coeficen)were rconsircted,forboh waselngis.
p ot i ot e series image view Twowavelengh , mages 3 forms f emosobi ey devey & (ot
o o o 1 e e S Resulting image | ouput [ Oxy-, deoxy-, and toal + PostProcssing: )
CGas AR P - data fles saved Hemoglobin image data sts (2)
Detector | Frequency r . .
Preprocessing Analysis eries vie o
] = Figure 4. Flowchart of Image Recovery Operations
Correlation e —
Analysis 4 | e — s } \
o s N T e— L O S . . oo
- I T A d e
Wavelet ) s o Lo ssieon
Yo i [ fll7===2 [ I e i i e
S normalized T i H H szmons
dtector s for: i [ | I R — i i
L wavelengih 1 2= ekt T
) | r— [ i
3. Hb,,, 2 wavelength 2 Analysis Mmoo [T
T 3. + | e h ure 7. Exch image is a spatal map of the coeficent o the GLM it
, 5.1, . - Lo— T ofthe boxcar made functon o the pixcls’ on-Hb time seres. Too
- i — Time [s] I
5. Hby r - pp———— ey [ 5o
TR i Figur 6. Temporal response ofthe axy-Hb sinal (st principal e 2
N . . i oot | e | o ‘ componci) during inge apping sence espetively. A~ o P = poscio, S = superir
Figure 1. Overview of dynaLYZE software package. 1 | iponcr) during finger-tapping sed P b d

@

MAIN FEATURES
Gemers g2 L .

Pulldowen windows commands oo The L V28 pcage

CONCLUS[O\'S

data analy These allow wiers
4 by DYNOT sysem mre m\m,mcmly and ey The ack ags will b frtor

e M L ] e
. Temporal signal/image ROI analysis. H i surface and volume rend "”"‘4* ? ""‘“‘
+ Special point-and-click signal/image analysis i i

Image Recovery Figure 2. dynaLYZE GUIs 1 REFERENCES

Visualizatior o N 31Y. P, 1. L. ar R. Barbour, “A fast reconsiruction algorithm for - mvyv\umm ation of time-scries DC ummw \mmu!‘rvh\ mnm-w Tomography and Spectroscopy of Tissue V.
S H 3 L Bt ekon Y. i, . Mo, -Sgl s sy e clon 3 sl f i et e oot

1 Thampson, nd Ao "5 vt comparisenofsmulaneos BOLD.(MRI and NI rcordings durig il e acivaio,

]
3

516

Analyss tools ) - ‘good_channels.txt T T e - " IR B i Prinies and Techniees, Prs, Canbedye, (2002
- wavelt ana coberence) Load data CV caleulation chanels_references.txt f .
+ Tumecorrelaton amlysis (uocorelation,coss-corrlation) o - e
5 i L GLM), o g ] ACKNOWLEDGMENT
+ Rateamlysis (slopearlysi, crve g and nervalamlysis K HE Thi esarch was suppot i art by the Natonl Instites ofHealt (NIH) undke Grants R21-HLGT387, R21-DKS3692 ad R81-CAO6102 nd by the US Arny under
Conversi Normalize by a L Grant DAMDOI7-03-C-0015.
hemoglobin state o e
DETECTOR PREPROCESS estimates (3) i A
The opertions sl inder the Detetor Preprocesscude module e used o deal with ra detecto data esprodcd by DYNOT scar, Thic i fuctions a my

pertomed. it e rw i o cachsorce oo P n chame arconcted o uation i e pover.Sesondcchcamel' s sz 1 e G

e 5. Esnis o s post i cpstons e i Y25 D i S s et Fom n i el o
st cane, e Sl

o oo v T oy i hohis ot f fepeoy P s (e of raon o of cout

A Tlowehartof the sequence of Detector Preprocess operations i shown allow user 1o view

derivd fom . W e
s s st s e drvd fom e e s ol o oo wlome) v ot s A e i) e Llook to THE DIFFUSION OF LIGHT and education s the resource
vy bt g, S0 ot = s e (000543 1) e . s, bt row - mplitad f the ormer carvs” T howing loner 1o be relied on for ameliorating the condition, promoting the virtue, and

nto Median filter, and
baseline mean label channel as
intensities (2) suspect
deoxy. Normalize by
 of variation Save results files, reference-channel

intensities (1)

in Figure 3
= results

Pt sl oo o e e et o ot of wmmmm””'Jlﬂ,l’i@\"‘" Smar g amplinde o advancing the happiness of man.
IMAGE RECOVERY e T b e b 1 T s ot e ow e 1 e s s el bcopncons g o e

warnings”
il

Label channel a
suspect

s gt o e e oo e et o T s o i, S, e, o s o s S61 p - on s .4 1) el b o~ e — Thomas Jefferson (1822)0
ime seres from muliple wing 8 I i g s R compao, dn.rm\ugm\r\wh(mmnHhuhmumcx(sn.rmyvm\mle!\v ) o ey connl et i

sl il ascd orand rolem model 10 G weihtof Jocbian i
of normalized diference method (NDM) [3] and several saling techniques, (svD) e for

i st Second, i converts the ge data oxy-, deoxy-, and total A Nlowehartof the
Scquenceof g Recovery opeions  shown n Figur .

Figure 3. Flowchart of Detector Preprocess Operations “





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


