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Infrared light, when used in a narrow biological window, can be applied in such a way as to obtain blood flow measurements
in vivo in tissues deeper than skin. When using light as a medium for blood flow measurement, the circulatory system’s
response to a stimulus such as occlusion may be a useful tool to characterize circulatory health. We developed a wireless,
noninvasive device that uses photoplethysmography (PPG) in order to study pulsatile blood volume changes in the finger
in both the skin and bone that occur during post-occlusive reactive hyperemia. We used this device at the top of the
intermediate phalanx of the middle finger to measure a hyperemic response, which was induced mechanically with the use
of a pressure cuff. Our study develops on prior work done by Näslund et al. and J. Mateus which evaluated pulsatile blood
volume changes in bone with near-infrared light1,2.
The custom built wireless reflection-mode PPG system consisted of both a visible light sensor and an infrared sensor to
observe the pulsatile blood volume changes at both the surface of the skin as well as in the bone, respectively. The system
utilized green and infrared LED’s with peak spectral output at 568nm and 810nm. A dedicated visible light phototransistor
detected the green LED light and a near-infrared phototransistor detected the near-infrared light. We specifically chose these
two wavelengths because of their location near the isobestic points of blood as well as their depth of penetration into and
absorption by biological tissues of interest. Each analog front end was comprised of an anti-aliasing filter, a tunable gainstage and high and low pass active filters, which filter the analog signals from the phototransistors and restrict the PPG data
to a bandwidth of .7 Hz to 4.1 Hz, covering the full range of the human pulse. We heuristically tuned the gain stage to yield
a .5V peak to peak PPG waveform from both the green and infrared sensors under normal conditions with no treatments
applied to the subject being studied. A microcontroller sampled data from the green and infrared sensor systems at 50
samples/sec. The device sent the data points for both channels concurrently over a single Bluetooth channel to a PC running
MATLAB by time-division multiplexing the two signals.
The experiment consisted of data collection from the green and infrared PPG sensors for about ten minutes. We collected
PPG data without any treatment being applied for the first two minutes. Around minute two, we inflated a pressure cuff on
the bicep of the arm to 140mmHg for about three minutes in order to induce ischemia in the finger being studied. The
ischemia was characterized by the absence of a pulse at the finger. At around five minutes, we deflated the cuff, inducing a
hyperemic response in the finger.
We recorded eight experimental trials of the setup on one individual in MATLAB. It was not possible to obtain reliable
hyperemic response data for both infrared and green PPG sensors at the same time in any of the eight trials due to the
susceptibility of the sensors to motion artifact noise. Nevertheless, it was possible to obtain hyperemic response data from
the sensors separately in two different trials. We used the findpeaks() and mean() functions to find the difference between
the control signal amplitude recorded in the first two minutes of the trials and the hyperemic peak of the PPG signal.
Comparing the control signal amplitude at the beginning of the trials to the amplitude of the PPG signal during a hyperemic
response, we found that there was a 26% increase in the PPG signal amplitude of the signal from the infrared sensor and a
16% increase in the PPG signal amplitude of the green sensor. We also computed the difference between the amplitude of
baseline PPG signal recorded when the arm was occluded to the amplitude of the PPG signal during a hyperemic response.
We found that there was a 37% increase in PPG signal amplitude from the infrared sensor and a 31% increase in the PPG
signal amplitude from the green sensor. While it is difficult in practice to isolate the infrared light being reflected off of
blood in bone tissue from the light being reflected off of blood in other tissues such as skin, an effort was made to occlude
the skin by holding the infrared sensor firmly to the finger.
We found that it is possible to obtain PPG data on a hyperemic response occurring within the circulatory system of a finger
using both green and infrared-based PPG sensors. Further work to filter out motion artifact noise in PPG signals is needed
to obtain more consistent experimental results and to increase the reliability of the data gathered.

1

J. Näslund, J. Pettersson, T. Lundeberg, D. Linnarsson and L. Lindberg. Non-invasive continuous estimation of blood flow changes in
human patellar bone. Med Biol Eng Comput 44(6), pp. 501-9. 2006.
2
J. Mateus, "Photoplethysmography for non-invasive measurement of bone hemodynamic responses to changes in external
pressure," 2011.

