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Abstract, Both laser apeckle and baser Doppler fechnlques can b ussd to mesns human
blood Mows, bul thelr inderrelasdbon is sl unclenr, This paper studies their diffecences,
elemilarkies, and relstions in tve maving rough surface and particle Mow models, which sre
summarized in the table. The dominance of either speckle fluctuntons or Doppler effecis
depends malaly on the coherence condition, paniele concentraiion, and velogty dlstribodon,

1 Introduction

Laser speckle and laser Doppler techniques are both based on dynamic light
ecaltering phenomena, However, what [s detecied is orlginally different due 1o thair
different principles: the former is random intensity fluctuations and the later is
periodic beat signals, In spite of this, the terma “speckles fuctuntions” and “Doppler
effects” are carelessly mingled when they are applied 10 blood flow measuréments.
In fect, we have alesady reporied blo-speckle Nowmetry [1,2] for blood fow
measurements, which is based on the speckle iechnique but very often it is
condidered 10 be the Doppler lschniqus. The (wo techniques have been well
established, but their interrélation l8 stll upelear [3.4) We discussed their
differences, similarities, and rutual relations in the moving rough surface and
particle Mow models, and saommarized resulis in toe wable,

2 Single Particle and Rough Surface Models

2.1 Slagle Particle

For the case of a single particle or very dilute pariicle suspension with a constant
moving velocity, the laser Doppler technique works quite well. When the coherence
condition is satisfied, the heterodyne mixing produces truly periodie anplu beat
signals with a Oausslan envelope due to the tansit Ume 7y, There ls no speckle
produced in this case becauss of a single or very few scoltering cendars,

2.2 Rough Surface

Siogle Beam Wumination. A moving rough surface illuminaied by a single
laser beam produces time-varying speckle fluciuations in the both diffrection and
imaging fiedds, But, all the scattered waves from the surface are Doppler-shified by
different frequencies each other. Mo use of a reference beam means conventionally



“homodyne mixing™ which shows a monotonically decreasing spectrum. Thus,
detected signals are itruly speckle Muciualions and can be possibly considered
hamodyae componemis.

Dual Beam Numination. When the differential-iype Doppler arrangement is
applied to & moving rough surface [5), detected componenis are Doppler beat
signals with an envelope of speckle fluctuations. Then, the Doppler effects and
speckle Muctuations coexist, but are mol equivalent because of different frequency
components, When the intersection apghe 8 of the two beams is reduced 1o rero
degree, the Doppler belsrodyne beat component disappears but the spackle
Poctuation &6l remaing,

Michelson Inferferometer. Bolers' model [4) using the Michalson
interferometer in which one of reflecting mirrors is replaced by a rough surface
moving aleng the optical axis corresponds (o axscily the case of "Dual Beam
Hlumination™ with 8 = %0 (deg). Thus, detscied signals are again the Doppler
heteradyne beal with the speckle Muctuntion envelope. The in-plane movemant n
this moded ylalds no Deppler effect and no heterodyne beat sven with the reference
beamn, Dietected signals are truly speckle flucluations which are very similar to
homedyne signala.

3 Particle Flow Models

3.1 Bingle-Beam Doppler Veloelmoley (LDY)

Moderate Concentration. [n the single-baam Doppler technigue studied by
Riva et al[G], the Doppler-shifted wave from a moving red blood cell is heterodyned
with the non-shified wove reflecied back from the vessel wall, Moderale
concentration of particles may produce tene-varying speckle fluctustions while it
maintains dominent Doppler componsnts, Thus, detected signals are possibly
Doppler beat with the speckle fuctuation snvelope, Flgure I{a) shows & typical
recorded signal and the corresponding power spectrum mensursd for 1-pm diam
aerylie particles Nowlng with water (L% concentratlon) In & evlindrical glass nabe
under He-Me laser beam illumination. The signal shows periodic beat components
with the envelope of speckle-like random fuoctustions, and the power spectrum
demonstrates the heterodyne cul-off characteristics with some broadening as we
cxpecied,

Recelving Cone Angle Enlarged & Flow in Orthogonal Direction. When the
recelving cone nngle ks enlarged, the coherance conditlon tends to be corrupted due
to range of scatlering angles. Thus, the heterodyne components are degraded and
speckle Muciustions become dominant, When the illumindlion and deteclion ane
both made in the direction arthogonal to the fow, no Dopplar effec is produced.
Then, speckle Muctuation components only remaln and make the broadened
specirum eentered al the zoro frequency, which may be referred to as the homodype
SPECinwm,
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3.2 High Concentration and Bio-Speckle Flowmetry

Increased concentration of particles causes multiple scatlering, correspending 1o the
case of blood flow messurements. In fact, bic-speckle fowmelry has been
developed for this case. Numerous random directions of illuminating and scattered
waves and random velocity distribution cause randomly disiributed Doppler-shified
frequencies. Random positions of particles resuli in the randomness of optical path
length for scattering waves. All of these effects randomiza the phases and,
therefore, the phass-consisient lime or Lhe speckle cormelatlon lme is significandy
shariemed. Bio-speckle flowmetry employs both the extended illuminating spot and
the enlarged receiving cone angle which enhance the speckle fluctuations. The
Doppler heterodyne componens are degraded significantly and finally wiped out
by speckle fluctustions. -

Figure I(b) shows o (ypical signal and its power spectrum measured for 10%
concentration of panticles in water. The signal shows random speckls fuctuations,
and the power spectrum demonstrates monodonically decreasing components,
which wiped out the helerodyne cut-off charscteristics. The mizing of various

r-shifted waves with themselves may also be interpreied as the homodyne,
andl possibly be referred to as the intensity correlution (or fuctuatlon) speqlroscapy
{ICS or IFS), light beating speciroscopy (LBS), and pholwon correlation
spocirossopy (PCS).

4 Conclusion

The relations of speckle fluctuations and Doppler effecis were discussed and resulis
are briefly summasized in Table 1. Surely the two phensmena kre nol equivalant,
bul in some situations they coexist or are mixed. The homodyne components are
quite similar 1o the speckle fuctuations. Whether the luser Doppler velocimeter



covers only the heterodyns techrigue or also the homodyne techniques is a problem
of terminalogy and probably due 1o o difference of Interpretation.
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