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Abstract— Using a wristband-type Photoplethymography (PPG) 

sensor, useful biomedical information such as heart rate and 

oxygen saturation can be acquired. Most of commercially-used 

wrist-type PPG sensors use green light reflections for its greater 

absorptivity of hemoglobin compared to other lights; this is 

important because wrists have comparably low concentration of 

blood flow. For reliable biomedical signal processing, we propose 

measurement sites for reflected red, green, infrared light PPG 

sensors on wrist. Amplitude, detection rate, and accuracy of 

heart rate are compared to determine the signal quality on 

measurement sites. Traditionally, wrist-type PPG sensors are 

implemented in measurement site 2, 3 or between 2 and 3 

(between the distal Radius and the head of Ulna).  Experiments 

show that all three reflected light PPG sensors generate good 

quality of PPG signals on measurement sites 4 and 11 (around 

the distal of Radius of left hand) in test subjects. 
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I. INTRODUCTION 

 Photoplethysmography is a method of detecting the change 

in blood volume inside capillary vessels using the property of 

reflection and absorption of light and producing usable 

biomedical information such as heart-rate and oxygen 

saturation. The wristband-type PPG allows continuous 

monitoring of the user’s heart rate throughout the day. 

However, PPG signal generated from wrist-type sensors is not 

suitable in clinical use because the frequency components of 

PPG signal are affected by motion artifacts [1]. Many filters, 

algorithms [2, 3, 4], and hardware designs (e.g., PPG array 

module [5]) are suggested to minimize motion artifacts and 

yet, distorted PPG signal is not easily restore. Therefore, 

finding a better placement of PPG sensor can be an important 

design issue affecting the signal quality and acquisition for 

further signal processing. In this paper, we selected twenty-

one points around wrist and tested these points to find an 

effective placement for each of red, green, and infrared light 

reflection measuring PPG signals.  

II. EXPERIMENT 

A. Experimental Setup  

Initially, PPG data from 5 subjects (five males, aged 27±5) 

were collected to find best measurement sites for each red 

green, and infrared PPG with the test module (figure 1). PPG 

signals were recorded using a pulse oximeter module 

AFE4403 (From Ti Inc.) and optical sensors (SFH7050). For 

comparison, test subjects wore commercial PPG module 

TSD200 (BIOPAC System Inc.) on their index finger. 

 

 

Figure 1. Test module  

B. Measurement Sites 

The penetration depth depends on the wavelength of light 

and light absorption characteristics of tissues in the body; 

theoretically, the greater absorptivity, the better signal-to-

noise ratio [6]. In this study, three light sources (Red, green, 

and infrared) are tested; the green light signal is known to be 

the strongest plethysmographic signal to analyse heart rate, 

 

Figure 2. Twenty-one measurement points (top) and distance between 
the points (bottom) 
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and red and infrared light signals are known to be a good 

signal to determine oxygen saturation of arterial blood [7]. 

These reflected light PPG can be acquired from capillaries, 

arteries or veins in a wrist. Since patterns of capillary vessels, 

veins, and arteries are various from person to person, 21 

measurement points are selected from the centre of head of 

Ulna as shown in figure 2; 3 points (Centre, 2 cm up and 2 cm 

down from the centre) and 18 points to the right side of the 

first 3 points (1cm, 2cm, 6cm, 8cm, 10cm and 12cm) 

C. PPG signal analysis 

A total of 5 subjects wear the PPG sensor in left wrist. 

Their wrist size (17.34 ±1.025cm) is varied but the 

measurement sites are selected from the centre of head of 

Ulna as indicated before. Three reflected light PPG signals are 

recorded on each measurement site for 16.384 seconds 

(sampling rate: 500 Hz).  

Original PPG signals contain DC part and AC components. 

Signals passed through the 4
th

 order bandpass Butterworth 

filter (0.5 to 3.0 Hz) to extract DC bias and AC noise 

component. Heart rates for each reflected light PPG were 

calculated from peak-to-peak (PP) intervals.  

The amplitude of PPG signals, the detection percentage of 

PP interval, and the difference of heart rates are calculated 

using parameters of PPG signals (figure 3) for the comparison. 

For the better comparison, we checked the correctness of all 

measured raw PPG signals (examples are in figure 4 (a) and 

(c)) with frequency analysis (figure 4 (b) and (d)). If the 

power spectrum of a PPG signal illustrates too much 

irregularity in frequency domain, that PPG signal is excluded 

for further comparison (figure 4 (b)).  

The amplitude of PPG signals of i
th

 test subject is calculated 

as follows: 
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where is a min/max value that is detected at from the 

filtered signal shown in figure 4 and is the number of max/min 

value detected.  

 

With, detection rate of PP interval can be determined:  

Di = ( #  of  Xmax ) / ( #  of  Peakverified by observer)  (2) 

 

PPG-derived heart rates from each light source were 

compared with TSD200-derived heart rates. The output of 

TSD200-derived heart rates is considered the correct value of 

heart rate in this study. The similarity of HR is calculated: 

  1001  TSDTSDSourceiHR
HHHS

              

(3) 

III.  RESULT 

Computed A, D, SHR are graphically illustrated in figure 5 

(a), (b) and (c), and the result is summarized in figure 5 (d). 

Efficient signals (strong signals, high detection rate and high 

similarity) are obtained in infrared reflection PPG in 

measurement sites 4, 11 and 18, in the red light reflection PPG 

in measurement sites 4, 11, and 19 and in the green light 

reflection PPG in measurements sites 4 and 18.  

 
Figure 3. Parameters of PPG signals 

 
Figure 4. (a) Irregular PPG signal (b) FFT of irregular PPG signal 

(c) Regular PPG signal (d) FFT of regular PPG signal 

 
Figure 5. (a) Amplitude of collected signal (b) Detection rate of PP interval  

(c) Similarity of HR between reference and collected signal  

(d) Ranking of measurement site for each PPG and parameters  
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IV. CONCLUSIONS 

This paper reports effective measurement sites for each 

light source in the wrist in stationary. Reflected green light 

PPG signals show a good quality of signal in most of test 

locations in the wrist. This illustrates why many commercial 

companies use green-light-based PPG. The measurement site 

4 and 11 show qualified PPG signals in all green, infrared and 

red light. In other words, the location of PPG sensor around 

the distal of Radius shows a better quality of PPG signals than 

the conventional location of PPG sensors. Results for female 

may differ due to the difference in wrist-size; thus, further 

examination is required.  Moreover, testing the robustness of 

PPG signals in motion artifacts of these measurement sites 

will be conducted to verify that these sites are the important 

factor acquiring the better signal quality and signal-to-noise. 

Further experiments on these measurement sites may result in 

the design modification of conventional wrist-type PPGs and, 

we will be able to measure more reliable and accurate 

information for biomedical processing. 
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