
  

  

Abstract— Photoplethysmography is a non-invasive method 
of measuring the blood volume pulse and can be captured using 
a low-cost camera and ambient light. We present a 
proof-of-concept smartphone-based system to detect restricted 
peripheral blood flow in the legs with the aim of characterizing 
symptoms of Peripheral Artery Disease. We designed a novel 
interface to quantify the perfusion signal strength. In initial 
tests we observed differences between affected and non-affected 
limbs. Such a system could considerably simplify screening. 

I. INTRODUCTION 

Peripheral Artery Disease (PAD) affects 12% to 20% of 
Americans over 65 years of age; it is associated with 
significant morbidity and mortality.  Despite its prevalence 
and cardiovascular risk implications, many patients have no 
significant symptoms. Only 20% of patients are on 
recommended antiplatelet therapy or lipid lowering therapy 
[1]. Ankle-Brachial Index (ABI) and Pulse Volume 
Recording (PVR) measurements are the standard of care for 
patients; however these require expensive hardware and 
expert operation. Photoplethysmography (PPG) is a 
non-invasive method of measuring the blood volume pulse 
(BVP) via light reflected from the skin. Recently, it has been 
shown that the PPG signal can be measured remotely using 
just a digital camera and ambient light [2,3]. Smartphones are 
ubiquitous devices that contain the necessary hardware for 
measuring the PPG signal accurately [4]. We designed and 
tested a proof-of-concept smartphone-based system to 
measure peripheral blood flow in patient’s limbs. We have 
obtained preliminary results from seven patients showing 
weaker BVP signals in affected limbs vs. non-affected limbs. 

II. METHODS 

Videos were recorded on an iPhone 5 (resolution: 
568 × 320, frame-rate: 30 frames/s, duration: 40s). We 
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implemented the method presented by Poh et al. [3]. Lateral 
and medial views of the lower legs were captured resulting in 
four videos per participant.  Figure 1 shows an overview of 
our approach. We designed a novel interface that allows the 
user to specify a video, highlight the region of interest, and 
generate the BVP waveform, power spectra and amplified 
video. In addition, we characterize the signal-to-noise ratio 
(SNR) of the waveform by calculating features in the time 
and frequency domains. In future, analysis could be 
performed on the device or in the cloud. Our system uses 
Eulerian Video Magnification [5] to amplify the BVP signal 
within the video. The resulting video allows differences to be 
visible to the unaided eye. 

III. RESULTS AND DISCUSSION 

We recorded videos of the left and right limbs of seven 
individuals with PAD (the limbs covered a range of ABI 
scores from 0.38-0.74). Using our system we recovered the 
BVP signals and amplified videos. The results from the 
initial population are promising and show visible differences 
in the strength of the BVP signal between affected and 
non-affected limbs.  As expected, affected limbs exhibited 
weaker BVP signals (an example is shown in Figure 1 - 4). 
We plan to extend our study to a larger population in order 
to calibrate the measurements against standard ABI scores. 
We believe that this approach has the potential to greatly 
simplify PAD screening and tracking. 
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Figure 1. A smartphone-based tool for measuring peripheral blow flow from video images. 1) Videos are recorded using a smartphone, 2) the skin region of 
interest is segmented, 3) the videos are analyzed to recover the blood volume pulse, 4) a perfusion score is calculated based on the waveform properties. 

 


