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Abstract: A new laser Doppler flowmeter,
based on a personal computer with a digital
signal processor for detecting the blood
perfusion in skeletal muscle has been
designed and evaluated. An infrared laser
diode (750 nm) is feeding a single optical
fibre, 400 pm in diameter, which i s
introduced into the muscle. A PC equipped
with a digital processing unit was used for
emulation of the laser Doppler algorithm and
for presentation of the measurement results.
The graphic user interface supported by the
Labwindows software makes the system easy
to use. The new system was evaluated by
using a flow model as well as a mechanical

model. The system was also tested in
measurements of the blood flow in the
brachioradial muscle.

total signal by a high-pass filter. It is sampled with 25
kHz by the ZPD1008 A/D converter in a PC.

A C-program (Turbo C++ 3.0)

was developed

for

the

host PC. It co-operated with the DSP board by calling
the DSP C-program which controls the A/D converter
and signal processing on the DSP board. The different
signals and results were presented and confrolled by
means of a graphic interface written in LabWindows
software (National Instruments, USA).
The algorithm for flow calculation is used as,
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and (D2 arc the lower and upper cut-off
frequencies of the filter. O is the frequency of the
photocurrent and P (()) is the power spectral density of
where
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INTRODUCTION

the Doppler signals. The algorithm produces an output
proportional to the first moment of the power specfral

.. The single fibre technique introduced by Salerud ard
Oberg [1] increased the possibilities of studying deep
tissue perfusion during various physiological
conditions. But the relatively small, monitored tissue

density of the photocurrent signal and is linear for lower
erythrocyte concentrations and velocities [4].

volume in view of the heterogeneous blood perfusion
of the skeletal muscle is a disadvantage [2] with this
technique. To measure the perfusion in larger tissue
volumes [3] with a better and easier way, we developed
a new optical system based on an infrared laser diode
with a wavelength of 750 nm wavelength which is less
scattered in the tissue than He-Ne light of 632.8 nm
using a digital signal processing (DSP) board running

RESULTS

METHODS

The new system was evaluated by using a flow
model as well as a mechanical model. The model studies
gave linear relations between the particle velocity and
the flow signal in the range of 0--5 mm/s.
The system was also used for continuous recording
of arm muscle microcirculation. A single optical fibre
(@=400 ttm) was innoduced into the brachioradial
muscle 10 cm below the elbow joint via a plastic
cannula after using local anaesthesia of the skin.
Different flux levels were rneasured.

The single fibre laser Doppler flowmeter consists of
two parts. One is the optic module with the laser diode,
launching optics and the photodetector. The other is the

corresponding flow values can be visualized in real-time
on the computer scr@n continuously, and can also be
saved on the hard disk for off-line analyses. The graphic
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user interface makes the system easy to use. Signal
processing and ways to present the signals and results
can be conveniently changed in the software.

on a 486 PC.

The Doppler signal power specftal density

PC with an A./D converter and a DSP board (DSP-

The light source is an infrared laser diode with the
wavelength of 750 nm and 3 mW output. The optic
coupler's centre fibre is isolated from the bundle and
connected to the light source by means of a lens. The
six cored fibre (glass, step-index fibre, h 200 pm) is
used for transmission of the backscattered light to the
photodetector.

These seven fibres are bundled and connected to the
external single fibre which act as the measuring probe
(glass, step-index fibre core/cladding - 4001430 pm). The

AC portion of the scattered signal is separated from the

and

CONCLUSION

We have developed a new optical-digital laser
Doppler flowmeter system which can be used for blood
flow measurements in laboratory and clinical

applications. The full graphic interface and multiwindows to show each step of information makes the
system easy to be used and understood. The system has
in flow- and mechanical

been successfully evaluated

Medical & Biological Engineering & Computing Vol. 34, Supplement 1, Part 1, 1996
The 1Oth Nordic-Baltic Conference on Biomedical Engineering, June 9-13, 1996, Tampere, Finland

273

model studies and used for blood
skeletal muscle.

flow studies in human
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