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	This study examines the possibility of remotely measuring the cardiac pulse activity of a patient, which could prove to be a useful alternative technique to the classical adhesive sensors method. This type of measurement is non-invasive and more comfortable during the assessment. However, several limitations may deteriorate the accuracy of the results, including changes in ambient illumination, motion artifacts (MA) and other interferences that may occur through video recording. The paper in hand presents a new approach as a remedy for the aforementioned problem in cardiac pulse signals extracted from thirty-second facial video recordings. Partitioning provides the basis for the presented MA reduction method; the acquired signals are partitioned into two sets, one for each second and every partition is shifted to the mean level and then the two sets are recombined again into one signal, which is followed by low-pass filtering for signal refinement. This method improves the cardiac pulse measurement accuracy when compared with ordinary pulse oximetry PhotoPlethysmoGraphic (PPG) methods. The resulted correlation coefficient was found to be (0.957) when calculated between the results of the proposed method and the ordinary one. Experiments were implemented using a common camera by creating a dataset from 11 subjects for testing the proposed algorithm. The ease of implementation of the suggested method with a simple camera in addition to the low cost measuring system makes it a suitable candidate that can be used to monitor the cardiac pulse rates in both home and the clinical environments.
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INTRODUCTION
The Measuring and monitoring of human cardiac pulse activity is an essential topic for the healthcare industry in both clinical and home environments. Currently, PhotoPlethysmoGraphic (PPG) based pulse oximetry and electrocardiography (ECG) represent the most common techniques being used in modern cardiac pulse signal monitoring systems, which are both inexpensive and reliable. However, these methods use contact sensors that have to be attached to the body, which poses a disadvantage since these sensors are wired to the measuring equipment, making the process of placement and removal inconvenient to the patient.

To overcome the pre-stated problem of skin-attached sensors, some recent studies illustrated a number of innovative contactless solutions that measure cardiac pulse rates using a camera [1-7]. 
The camera is used to record facial videos while the cardiac pulse activity is obtained by further signal processing analysis for acquiring the heart beat activity [8]. This kind of contactless technique for cardiac pulse parameters monitoring can become an essential tool for hospital health care applications as well as in the home environment. These novel techniques use a similar principle to pulse oximetry as a contact PPG, where the changes in skin color reflects the variations in blood volume according to the cardiovascular events [9-10]. In other words, the heart pulse activities affect light transmission and reflectance from the human skin. Pulse oximetry PPG is based in the transmission mode, while heart rate measuring by using a camera is based on the reflectance mode [11-14].
However, the later method still faces some challenges; including motion artifacts, illumination changes, and other interferences that may occur during video recording. Over the years, various kinds of literature proposed signal processing algorithms to accommodate for artifact interference and noise cancellation to enhance the signals obtained from the PPG sources. Some of these methods have been proposed for reducing the interference caused by motion artifacts [15-17]. Many algorithms relied on independent component analysis (ICA) for decomposing the PPG signals in order to obtain the desired heart rate signal [18-19]. Another study exploited the Hilbert-Huang Transform (HHT) as a decomposition method for reducing the motion of artifact effects in Photoplethysmographic signals. Here, the Intrinsic Mode Function (IMF) components are obtained from nonlinear data by applying empirical mode decomposition, which is also used for exploring the changes in amplitude over time [20]. Also, a comparative analysis is presented between the performance of adaptive filtering techniques and wavelet transform. The aim was at acquiring PPG signals that enjoy minimum artifacts effect to be used to approximate the cardiac pulse rate. In this case, only limited application can be driven from motion reduction-based wavelet transform method [21].
Another comparison can be seen in [22] where different motion artifacts were processed by different wavelet transform techniques for the possibility of reduction. The implementation of different wavelets on PPG signals yielded SpO2 estimates with only slight variations, while adaptive filtering has been used to reduce the effects of motion artifacts on the PPG signal. A verity of different approaches where implemented together to achieve the same task, such as Adaptive Comb Filter (ACF), Infinite Impulse Response (IIR) and Adaptive Lattice Notch Filter (ALNF) such as in [23]. Alternatively, the work in [24] suggested a two-stage method for motion artifacts reduction: in the first stage, the inherent time and Frequency Domain (FD) characteristics of the PPG signal are used to detect motion artifacts while the second stage applied signal processing enhancement featuring a new magnitude algorithm based on an FD-ICA approach [24].
The study presented in [25] proposed a multi-wavelength motion artifacts reduction algorithm framework for wrist-worn PPG sensors, utilizing the green component of the PPG signal for heart rate monitoring in addition to allocating an infrared PPG signal as the motion reference. The authors presented four main steps for system realization: Motion detection, motion removal using continuous wavelet transform, approximate HR estimation and signal reconstruction.
The algorithm presented in this paper demonstrates a new method for motion artifacts reduction using a remotely-obtained PhotoPlethysmoGraph (rPPG) signal from facial video recordings of eleven participants. This method can measure the cardiac pulse rate of a person from a short distance up to two meters by using a camera connected to a PC. This is followed by using the MATLAB (MathWorksTM) software for processing the signal data (signal extraction and filter enhancement for motion artifacts reduction). Finally, the enhanced signal with the frequency of the cardiac pulse is displayed as results.
Eleven subjects had participated in the experiments for recording 30-second videos for each individual. The contribution of this research can be summarized as follows:
· The extraction of the cardiac pulse signal from the green channel in facial videos, (using the color RGB separation methods stated in the methodology section).
· Partitioning the green component into 60 partitions (two partitions per a second).
· Partitions Enhancement.
· Recombining the enhanced partitions into one signal.
· To find the cardiac pulse rate frequency, Fast Fourier Transform (FFT) is applied to get the desired signal.
The arrangement of this research will be as follows: Section 2 describes the proposed method for cardiac pulse signal detection and motion artifacts reduction using the green component of the PPG signal. Section 3 presents the experimental results and explains the effectiveness of the proposed method, regarding noise reduction in the cardiac pulse signals obtained from video recordings. Finally, Section 4 discusses the results, presents the conclusion and offers future recommendations.
METHODOLOGY
2.1 Experimental setup
In this research, eleven individuals ranging between 18-35 years old were participated for acquiring the PPG signals. An ordinary camera is used to record the facial videos in true color standard (24-bit per pixel RGB format with 3 channels × 8 bits/channel) at 30 frames per second (fps), with a pixel resolution of 720× 404. The videos were saved in AVI format for further analysis using MATLAB software. The recording sessions took place at different times of the day. A varying amount of ambient sunlight was the only source of illumination in this experiment. The participants, having different skin colors, were seated on a chair in front of the camera at a distance of approximately one meter. During the recording, participants were asked to sit still and stare at the camera lens.
2.2. Cardiac pulse signal extraction
The signal of interest for this work is the cardiovascular pulse wave that propagates throughout the body. The Viola-Jones algorithm provides the basis for the Region of Interest (ROI) selection for face detection. The camera senses the changes in the amount of reflected light, which indicates the timing of cardio pulse events. These events relate to volumetric changes in the ROI blood vessels during the cardiac cycle. The RGB channels for each frame consist of three components; these are r(t), g(t) and b(t) for red, green and blue respectively. The extracted signal from the green color sensor is the best signal to show the cardiac activity, being attenuated by motion artifact noise.
The presumption is that the volumetric blood variations result in facial color changes and hence facial light intensity variations. Figure 1 shows the PPG signals being acquired from the facial video recording measurements of two participants by using a camera connected to a PC at different times of the day. The observed small ripple in the green component is according to the cardiovascular events; however, the red line indicates the significant amplitude changes resulted from undesirable motion artifacts.
The signals obtained from these green components show evident cardiac pulse characteristics and accommodates the motion of artifacts, such as small facial motion and illumination changes. The aim here is at reducing motion artifacts to enhance this signal and only yield the clear cardiac pulse signal.
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2.3. Motion artifacts reductionSignal enhancement and motion artifacts elimination requires the implementation of a new method which is based on partitioning the signal, shifting partitions to the mean level, recombining them and then applying low-pass filter (LPF) to obtain the final signal. Figure 2 shows the acquired signal as well as the enhancement processes.
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Figure 2. (a) The (ROI) is automatically cropped using face detection; (b) The ROI decomposes into the RGB channels and the raw RGB traces; (c) The green component is enhanced; (d) FFT is applied to recover the frequency.
)



The standard cardiac pulse rate of an adult ranges from 60 to 100 beats per minute; meaning that every second contains one or two pulses according to the participant’s health condition. The partitioned signal is obtained from the green component over 30 seconds and is divided into 60 partitions (two partitions per second) to separate every possible pulse in one partition and then shift partitions to the mean level. Then all partitions are recombined again to form the signal. Lastly, using a 4Hz low-pass filter (LPF) will result in the final enhanced signal.
The following steps are applied for reducing the effect of motion artifacts in cardiac pulse signals obtained from a video recording of the human face:
Partitioning the green component into 60 partitions as in Figure 3(a).
Get the mean level for every partition as shown in the formula below:
                         (1)
Where n represents the No. partitions
Shift the samples of every partition to the mean level, using: 


Repeat step 3 for all partitions, then recombine all the partitions to yield the clear cardio pulse signal with the reduction of artifacts as in Figure 3(b).
Use low-pass filter iteration (4 times) of order 4Hz for the final step of enhancement, Figure 3(c).
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         The processing of data requires the transformation into the frequency domain (FD) by Fast Fourier Transform, which will estimate the frequency of the cardiac pulse to facilitate signal enhancement. At the same time, a pulse oximeter measures the reference of the cardiac pulse rate. This pulse oximeter data acts as ground truth that enables accuracy comparison and assessment of the camera algorithm-based measurement method.

EXPERIMENTAL RESULTS 
 In the experiments, the camera was adjusted to be about 1meter away from the subject to collect RGB data weight variations during video recording. The experiments were performed indoor and outdoor at different times of the day.
The faces of the subjects are considered to be the region of interest, being cropped for analysis after face detection. From the experiments, the green sensor collected the best data where weight variations correspond to cardiovascular activities. Also, the presence of other fluctuation sources in light with the obtained data will introduce noise to the signal. The motion artifacts reduction method was applied on the obtained signal using MATLAB software.
[image: ]Figure 4 shows the typical results of the cardiac pulse remote measurement and motion artifacts reduction obtained by this method for three subjects. Figure 4(a) shows the signals in time domain with different amplitudes caused by light intensity variations according to the cardiovascular events and motion artifacts. Figure 4(b) shows the results of the artifacts reduction method by partitioning, shifting to a mean level, recombining and then applying a low-pass filter iteratively for each case. Figure 4(c) shows the FFT of the enhanced signals in frequency domain, the FFT spectra clearly show a higher peak; this peak is at the frequency of the cardiac pulse.
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In order to test the heart rate measurement accuracy of this method for motion artifact reduction, 11 subjects participated in the experiments. The results of this new heart rate measuring method compare favorably with the reference results previously obtained from a pulse oximeter as shown in Table 1. This method produces a stable correlation coefficient of (0.957) calculated between the cardiac pulse rate measurements acquired here and the classical pulse oximeter method, as shown in Figure 5.
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Table 1. Cardiac Pulse rate 
Results Compared with Reference Results
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Subjects	Proposed Method	Pulse Oximeter
1	55	58
2	72	76
3	63	63
4	88	86
5	83	81
6	60	57
7	60	64
8	95	83
9	86	79
10	56	58
11	69	69
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 DISCUSSION AND CONCLUSION
This paper presents a technique for motion artifacts reduction in cardiac pulse signals obtained by remote video recording. This method consists of two stages: firstly partitioning the signal, shifting the partitions to the mean level and recombining them back into one signal; the second stage is signal enhancement by low-pass filtering. In order to test the performance of this artifacts reduction method, the applied FFT enhances the cardiac pulse rate by identifying high peaks in the frequency domain.  
The remote pulse measurement results compare favorably to the results obtained from a regular pulse oximeter. The   correlation coefficient between the results of the two methods is found to be (0.957). The technique can reduce the effect of motion artifacts in cardiac pulse PPG for signal enhancement. Furthermore, this study demonstrates that this method can work efficiently with videos recorded at different times of the day. This technique is currently under development but it can be utilized later for building a robust, remote, accurate cardiac pulse rate measuring systems.
Topics for future research may include: creating a real-time remote measuring system based on this method for multi-parameters such as cardio pulse rate variability, respiratory and arterial blood oxygen saturation.     
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