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Introduction: The determination of physiological parameters from video image streams has 
attracted significant attention in recent years, with a variety of signal processing and 
hardware approaches being employed to address the problem [1]. However, the acquired 
signal - the video photoplethysmogram (video-PPG) - is highly susceptible to three main 
confounders: motion artefact, lighting levels (both low levels and dynamic variations) and 
skin pigmentation. Here we report on a protocol for head motion and on a novel method to 
process video-PPG using wavelet transforms [2] to determine the heart rate (HRvid). 
 
Method: Video was acquired during a sequence of head movements: yaw, pitch and roll 
(figure 1a). A video-PPG was acquired from a region of interest (ROI) on the forehead. This 
signal contains significant movement artefact (figure 1b).  
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Figure 1: a) Range of Head Movements: Yaw, Pitch, Roll and Resulting Video-PPG; b) acquired 
video-PPG signal. 
 
A novel running wavelet archetype (RWA) [3] was computed from the wavelet transform of the 
acquired signal (figure 2). This enables a time-frequency ensemble averaging in the transform 
domain. A particular feature of the RWA method is that it does not require knowledge of signal 
fiducial points, unlike temporal ensemble averaging methods. The archetype transform, 
TRWA(a,b), is generated using a weighted averaging scheme as follows: 
 
       TRWA(a,b)=w.T(a,b) + (1-w).TRWA(a,b-P(a))     [1] 



 
 

 
where w is a predefined weight, TRWA(a,b-P(a)) is the previous archetype value separated from 
the current value by a period P(a), and T(a,b) is the computed wavelet transform. In the 
method, each time a value of T(a,b) is computed, it is used with the previous archetype 
transform value to form an updated value of the archetype transform. As the wavelet 
transform already separates out the signal information into natural temporal scales according 
to the periodicity of the wavelet function, we may use the characteristic period of the wavelet 
at each scale for P(a). Thus we see that there is no requirement for the determination of fiducial 
points in the method, as the wavelet information is naturally ‘rolled up’ at each scale using P(a) 
based on the wavelet function itself. Once TRWA is calculated, the ridge of the pulse band in 
wavelet space is tracked to determine the heart rate, (i.e., the instantaneous frequency of the 
ridge component of the pulse band is converted to beats per minute). A high level flow chart 
of the algorithm is presented in figure 3. 
  

 
 
Figure 2: The CWT of a Motion Study Signal 
 

 
 
Figure 3: High-level Flowchart of the HR video processing using the Running Wavelet 
Archetyping Algorithm  
 
Results: 
The root mean square difference (RMSD) between the extracted video heart rate and a 
reference pulse rate from a Nellcor pulse oximeter (Medtronic, Boulder, CO) attached to a 
non-moving finger was found to be 1.47 bpm. Whereas, using the original scalogram ridge 
(i.e. before performing the RWA) for the whole signal resulted in an RMSD of 1.61 bpm (figure 
2). 
 



 
 

Conclusions: Preliminary results have been reported for the determination of heart rate from 
a video-PPG where the region of interest exhibits a high degree of motion artefact due to large 
scale movements of the subject’s head. A novel protocol involving a series of defined head 
movements was followed, and a novel RWA algorithm employed to determine a video-based 
heart rate. Although at an early stage, the method shows promise for more accurately 
determining video-PPG-based physiological parameters during motion. 
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