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Abstract
Knowledgeabout sensory-evokedblood-
ow changesis essential for constraininghemody-
namicresponsemodelsusedto interpret functionalbrain imagingsignals,such asfMRI.
Here,we extracted2-dimensionalblood-
ow and its temporal modulationsfrom high-
resolutionoptical imagingdata in the awake monkey. Optical imagingallows to track
moving red blood cells(RBC) in individualblood vessels.Usingthe structure tensor, we
developed an method to extract the RBCs' motion informationfrom the noisyoptical
signals.

Red Blood Cells' Motion

By enhancingthe contrast in intrinsic optical imagingdata, it is possibleto highlight the
motionof smallclustersof redblood cells(RBC) insidethe vessels.
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Estimatingthe motionof the RCBsinvolvesthe followingsteps:

� Coregistration of data frames,to correctsmallmotionsof the brain.

� Frames prepro cessing: division of each pixel time courseby its averagevalue,
and spatial high-pass�ltering (10px) and anisotropicsmoothing (1 px in the vessels
directions,3 px in the orthogonaldirection).

� Data extraction : time coursesinsidea vesselareput in a 2D array (time x space).

� Prepro cessing of vesseldata: a temporal high-pass�lter removesslow oscillations.

� Lines orien tation detection:their slope represents the inverseof the RBCs'speed.

� Av eraging of the estimatedRBC velocitiesover all the points of the vessel.

Exper imental Setup

� Experiments wereperformedin visualcortexof anawakeadult malemacaquemonkey.

� Data acquisitionsweresynchronizedwith the heartbeat;the monkeyhadto �xate on a
�xation point displayedon a CRT screen.Onehundredtwenty trials wereacquired.

� Simultaneousoptical imaging(illumination at 570nm)and laser-Doppler
owmetry
recordingswereperformed.

Images Coreg istration
Reference frame One frame before correction Same frame after correction

The correctionof the motionsof the vasculature(dueto animalmovement) wasachieved
by �nding the isometry(a rotation plus a translation) that minimizedthe di�erences
betweenvasculatureimages:

(�̂ ; t̂ ) =argmin
� ;t

kI 2 � Tt � R � (I 1)k2:
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Matrix A stores the gradient information The structure tensor !averages" this information in a neighborhood Its eigenvectors give the line directions

The structure tensor describeshow strongthe gradient of an imageis in a smallneighbor-
hood in the di�erent directions,andhenceenablesusto �nd the directionof the lines:

� For a singelpixel (x; t), the informationon the gradient direction(I x; I t) is storedin a
degeneratesymmetricmatrix:
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� The structuretensoris de�nedasthe averageof A in a smallneighborhood:

S(x; t) =
X

(x0;t0)2N (x;t )

A(x0; t0):

� Its two eigenvectorsgivethe directionsalongwhich the gradient is maximalor minimal.

Results

� Cardiac pulsation wasrecoveredat singletrial andaveragelevels.

� The pulsationfrequencywerevalidatedby the simultaneousblood volumeand laser-
Doppler
ow measurements. Di�erencesin phaseindicatedelays in blood transfer.
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� We testedthe ability of RBC-velocity estimation
to producesensory-ev oked responses,by simu-
lating the comparisonbetweentwo conditions(two
randomindependent setof trials wereused).

� The time courseis comparablewith thoseobtained
usingthe laser-Doppleror theblood volumesignals.

Conc lusion
Sinceblood-
ow modulationsby the cardiacpulsationwereclearlydetected,our method
shouldbeapplicableto studyblood-
ow modulationsby neuronalactivity. This is of high
interestsinceit shouldenableusto explorespatio-temporalpatternsof the 
ow response,
whereasstandardmethods(laser-Doppler)provideonly single-point measurements.


