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Abstract— Time resolved detection and analysis of the 
skin back-scattered optical signals (reflection photople-
thysmography or contact PPG) provide rich information 
on skin blood volume pulsations and can serve for car-
diovascular assessment. The widely used contact PPG 
technique has many limitations, like high sensitivity to 
sensor movement etc. The newly developed non-contact 
PPG technique has been developed in this work. Poten-
tial of the new technique for express-assessment of hu-
man cardio-vascular condition has been demonstrated. 
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I. INTRODUCTION  

Photoplethysmography (PPG) is a non-invasive method 

for studies of the blood volume pulsations by detection and 

temporal analysis of the tissue back-scattered or transmitted 

optical radiation. Blood pumping and transport dynamics 

can be monitored at different body locations - fingertip, 

earlobe, forehead, forearm, etc. – with relatively simple and 

convenient PPG contact probes. The AC-component of 

back-scattered PPG signals reliably reflects skin blood vo-

lume pulsations, therefore PPG technique has good potential 

to become a routine tool for express diagnostics and early 

screening of cardio-vascular pathologies, for self-

monitoring at home and in public facilities, as well as and 

for the tele-diagnostics via Internet or LAN. 

Recently a new measurement technique for acquiring the 

blood pulsations was developed using simple and not ex-

pensive video recorder equipment. 

II. CONCEPT OF NON-CONTACT MEASUREMENTS 

Fig. 1. illustrates its basic concept of the technique – to 

provide PPG data flow from the body simultaneously using 

a camcorder. Such measurement scheme looks promising 

for fast detection and/or monitoring of PPG signal wave-

form changes, as the blood flows from the heart to every 

location of the body [1-5]. 

 

Fig. 1 The non-contact PPG monitoring concept. 

Sony HDR-SR1 AVC HD Handycam® Camcorder was 

used in experiments. As a source of light battery light or 

Sun light was used.  

HI Definition digital camcorder provides video shooting 

with picture resolution of 1440x1080 pixels. For minimiz-

ing the influence of automatic settings, Super Steady Shot 

(electronic image stabilization) system was switched off, 

white balance and exposure were in manual mode. Smooth 

Slow Motion mode was used. This feature allows increasing 

the record rate from 25 frames per second (fps) to 100 fps 

for 3 seconds of fast motion and playing the video back in 

12 seconds, as a result of increasing sample rate of PPG 

signal. 

Video processing. 

Video content (1440x1080, 100fps, 3 seconds) was ex-

ported from camcorder to computer. After that, AVC HD 

format video was converted to more convenient AVI format 

video and video resolution was downsampled to 360x288 

pixels, due to computer program limitations. 

 

Matlab 7 (Mathworks, USA) software was used for video 

processing. The computer program was performing follow-

ing main tasks: 

 

1. Loading of video content into a matrix of image cube 

W x H x F x C, 

where W is a width of video frame, H is a height of 

video frame, F is a frame counts included in video clip, 
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b) 

a) 

c) 

C is a color component of RGB (red-green-blue) chan-

nel; 

2. The evaluation of light intensity in the time domain for 

each pixel of video frame. This process was performed 

for all pixels; 

3. Removing of the DC and noise (>15 Hz) components 

of the light intensity in the time domain (Savitsky-

Golay filter was used), for every pixel of video frame. 

This process was performed for all pixels; 

4. The normalizing of image cube that the values must be 

between 0 and 255 for each RGB channel. 

5. The conversion of the image cube to AVI format video 

clip. 

 

The screenshot of software is shown in Fig 2. The left side 

of the window shows the loaded video frame and the right 

side shows the distribution of amplitude of the blood pulsa-

tions. Program allows choosing any area of video frame and 

the wavelength of light. Lower left side of window shows 3 

second long PPG signal extracted from the video clip at 

chosen area (10x10 pixels, averaged). 

 

 
Fig. 2 The screenshot of the software. Fingertip image (left) and PPG 

image (right). 

III. RESULTS 

Advantage of the newly developed technique is possibili-

ty to acquire signals in the region from 380 to 780 nm with 

resolution of 4 nm. Fig. 3 shows the acquired PPG signals 

from the finger of the arm using the wavelengths at 432nm 

(blue), 520 nm (green), 620 nm (red). 

 
Fig. 3 Acquired PPG signals using a) 423 nm, b) 520 nm, c) 620 nm.  

 

Fig 4 shows one frame of the recorded video from the 

body at Sun light. Fig 5 shows the distribution of PPG sig-

nal amplitude in colors. It is seen that green light is more 

informative for monitoring of blood volume pulsations, 

which can be seen on the face of subject. The amplitude of 

reflected green light is related to blood volume in a skin; 

therefore skin areas with stronger blood volume pulsations 

can be more informative at green light. 

 

 

Fig. 4 Frame of the recorded video at Sun light. 

 

Fig. 5 Frame of the calculated distribution of PPG signal amplitude. 
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IV. CONCLUSIONS  

As a first step toward traditional PPG signal measuring 

technique at single body location, we performed PPG mea-

surements on the surface of skin. 

 

Advantages of the technique: 

 For acquiring the PPG signals consumer level 

camcorder can be used. 

 As for light source the light from the Sun can be used. 

 

Disadvantages: 

High power light source is needed. 

Electrical light generates a noise. 

 The volunteer should be in still position, even slightest 

movements generates artifacts. 

 

We acquired spatially resolved heartbeat-related photop-

lethysmograms at multiple wavelengths using a camcorder. 

This feasibility study shows potential for non-contact 2D 

imaging reflection-mode photoplethysmography; however, 

this requires further studies. 
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