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ABSTRACT

This  study  presents the  potential of  using
photoplethysmography (PPG) as an alternative to the use of
expensive spectroscopy or invasive skin biopsy to analyse skin
conditions, particularly of the presence or absence of melanin
in both dorsal and palmar skin of human subjects. This study
seeks to analyse the sensing capabilities of three photodetectors
(phototransistor, light dependent resistor, photodiode) vis-a-vis
varying LED colors and quantities using backscatter radiation.
Further, it intends to distinguish the best detector and LED
color-quantity combination for the sensing of PPG signal in
both dorsal and palmar skin of human volunteers.
Photoplethysmography (PPG) is considered as a facile and cost
effective optical process frequently used for monitoring heart
rate. A light source or emitter and a light sensor or detector
make up a PPG circuit. A light emitting diode (LED) is the
frequently used light source while phototransistor, photodiode
or light dependent resistor are the usual light sensors or
detector employed. The simulation results revealed that four
pieces of yellow LED and phototransistor detector are the best
combination for applications involving the melanin in dorsal
and palmar skin. The results further showeddirect
proportionality relationship between reflected light and age.
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1. INTRODUCTION

Photoplethysmography (PPG) is a facile and cost effective
optical[1]process frequently used for monitoring heart rate[2].
The measurement is usually done at the surface of the skin[3]
with a light source and photodetector or sensor. As early as the
1930’s, PPG application was already employed in blood
volume measurements[4] where a variation in light was
likewise seen as a variation in blood volume. The method, thus,
employed the Light Absorption and ReflectionPriciple and this
similar concept was applied in this study; but, human skin color
was considered instead of the usual blood volume changes.
Particularly, the dorsal and palmar skin areas were assessed.
These areas were considered due to obvious color differences
particularly skin Type V-VI of the Fitzpatrick scale[5]. A
darker skin meant a greater amount of melanin[6] present and
therefore, more light absorption was likely to follow. Melanin,

Light source or emitter and light detector or
sensor[8]comprisethe PPG circuit. The usual light source used
is the light-emitting diode (LED); while the common light
sensors employed are photodiode, light-dependentresistor
(LDR), or phototransistor.

At present, several types of research on PPG have been done
which extracted information on other applications apart from
heart rate estimation and the likes[2]. These include stenosis
vessel analysis after hemodialysis process [9], blood-oxygen-
level measurement[10], blood flow analysis as indicator of
blood pressure [11], blood volume changes [12], arterial
condition analysis for diabetics[13], measurement of deviations
in oxygen saturation[14], [15], [16] analysis of sleep staging
phase[17], vital signs detection[18], heart rate measurement
during bike activity[19], pulse volume estimation[20], blood
pressure  monitoring  while  sleeping[21], drowsiness
assessment[22], blood flow estimation in the carotid artery[23],
arterial oxygen saturation[24], to name some. All these
involved PPG circuits being connected to body parts where
information is desired and without any discomfort felt by the
patient [25]. Presently, PPG signals have beentestedas wearable
electronic devices[10], as well ascontactless[26] or remote PPG
(rPPG)[3]. The latter means utilizing facial videos to create
signals[27], [28], [29].

Different conditions for bothlight source and detector are
considered for different PPG information. Apart from the
source to area distance, the number of light sources must also
be considered. Through the use of a PPG circuit in this study,
the number, as well as the color, of the light source to be used
had been examined. Generally, it aims to verify the
leadingprobable combination of source color-quantity and
sensor that would provide the best PPG response. Particularly,
it aims to (1) ascertain the best LED color and its
corresponding wavelength for the recognition of PPG signal in
the dorsal and palmar skin of volunteers; (2) identify the
number of LED to be used for best PPG signal detection in the
specified skin of volunteers or participants and; (3) distinguish
the best light sensor or detector for PPG signal detection in the
dorsal and palmar skin of volunteers. This study used yellow,
red, and orange[30] LEDs, with wavelengths at 590 nm, 630-
640 nm, 610 nm, respectively, as the light sources where the
detection of PPG signal was observed byaltering its quantity.
Considering the specific wavelength of each LED source used,
its depth of penetration[31] plays an imperative function in the
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measurement of the desired signal. In this study, the melanin
present in the dorsal and palmar skin was the desired
component to be measured.

Phototransistor, LDR, and photodiode were the light sensors or
detectors used. Before testing, participants were made to sign a
Consent Form. And during the testing, gender and age were
considered because of two reasons, namely: (1) females have a
lighter complexion than similar-aged males[32]Jwhich meant
lesser melanin present; (2) the quantity of melanocyte, the
melanin-producing cell, is said to decrease by 8 to 20% per
decade after the age of 30 in both sun-exposed and unexposed
areas of the skin[33].

2. MATERIALS AND METHODS

This study involved testing different quantities of yellow,
orange, and red [30] LED sources vis-a-vis phototransistor,
LDR, and photodiode. The principle followed was Backscatter
Radiation which utilized the rebound of photons taking place
from light source to measured area to photosensor. The amount
of reflected light reaching the different light sensors[34] would,
therefore, be measured. Particularly, it targets to define the best
combination of source color-quantity and sensor that would
provide the best PPG response. A distance of 2-3 cm from the
light source to the measured skin was observed.Twelve persons
participated in the testing with the following profile: (1) one
10-year old boy with type Il skin in the Fitzpatrick scale,
labeled as 6b in the succeeding graphs; (2) one Type IV 5-year
old girl, as 6g; (3) one Type IV 14-year old boy, as 5b; (4)
oneType 111 19-year old girl, as 5g; (5) oneType IV 23-year old
man, as 4b; (6) one Type IV 23-year old woman, as 4g; (7) one
Type 1V 35-year old man, as 3b; (8) one Type IV 35-year old
woman, as 3g; (9) one Type Il 41-year old man, as 2b; (10)
oneType Ill 41-year old woman, as 2g; (11) one Type IV 52-
year old man, as 1b; and (12) one Type Il 54-year old woman,
as 1g.

A short briefing regarding the study, itsobjectives and the
testing areas, were discussed to the participants. A
Participant’s Consent Form was signed prior to testing.For the
three minor participants (10-year old boy, 5-year old girl, and
14-year old boy), a guardian’s permission was also requested.
The dorsal skin was tested first, then the palmar skin.

Figure 1 shows the basic circuit with the following
compositions: (1) light sources; (2) light sensors; (3) bar graph
indicator; (4) DC to DC converter; (5) ATMega328
microcontroller.
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The light source in Figure 1 refers to the three different LEDs
that were used separately. The wavelengths of the LED were
specified at 630-640 nm, 610 nm, and 590 nm for red, orange,
and yellow, respectively. The first part involved testing one
piece of LED color versus phototransistor then LDR and last
photodiode. Next, two pieces were tested, then three and last
was four pieces. Figure 2 shows the LED light assembly. The
light assembly, in the figure, is composed of four LEDs.

The light sensor, still in Figure 1, refers to the three different
light sensors or detectors, particularly the phototransistor, LDR,
and photodiode. Figure 3 shows the encapsulated sensors used
in this study.

Fig. 3. Encapsulted Sensors
Used

Fig. 2. LED Light
Assembly

Figure 4 shows the actual circuit with the third component of
the PPG circuit, that is the bar graph indicator. As shown in the
figure, the bar graph indicator represents the digital output
signature of the photodetectors. It is comprised of ten ordinary
LEDs that lit when a signal was identified. In Figure 1, 5V was
supplied to the light sensor, so lit LED in the bar graph
indicator meant a sensor output of 500 mV. This output was
likewise the input to the microcontroller. A 10-lit LED in the
bar graph indicator meant a detected output of 5V. The fourth
and fifth components are the DC to DC converter and
ATMega328 Module, respectively. The main function of the
DC to DC converter was to supply limited current through the
LED. This was achieved throughunchanging current and
unchanging voltage. ATmega328 Module was the
microcontroller used.

Figure 4 shows the actual circuit used with the five PPG
components; while, Figure 5 shows the test set-up. In the test
set-up, the dorsal skin test could also be seen. Two testers (light
meter and voltmeter) could also be seen in Figure 5. An
aluminum anodized vertical stand was used.

Fig. 5. Test Set-up
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3. THEORY/CALCULATION

Because the palmar and dorsal skin areas were the areas
involved in the testing, only the stratum basale layer of the
epidermis was assessed. Epidermis, considered as the outmost
skin cover, has a thickness of around 0.027 to 0.15 mm[35] and
made up of four to five layers[36]. When an incident
lighthitsthe skin, three instances are likely to occur, that is
reflection, absorption and scattering. Majority of the incident or
transmitted light will be absorbed or scattered [37], [38] and
only an approximate of 5-7% will be reflected back. The
absorption that happens in the epidermis layer is primarily
relatedto the wvolume of melanin present [37]. Higher
absorption will occur with higher melanin concentration. A
higher absorption will likewise mean lesser reflected light.
Light Reflection and Absorption Principle [39]was therefore
adopted in this research. This reflected light was the signal
obtained by the photodetectors (phototransistor, LDR, and
photodiode).

4. RESULTS AND DISCUSSION

For all the testings performed, the distance of the LED light
source was 2-3 cm. Lit LEDs in the bar graph indicator
signified a sensed output voltage.Figures 6 to 13 show the bar
graph response of the three different-colored LEDs with
varying quantities and with different sensors used. Though
tested separately, the comparison of the response of yellow,
orange, and red sources versus the different photodetectors
used was shown in one figure.

Figure 6 shows the dorsal responses of the three photodetectors
tested in a one-piece yellow, orange, and red LED source at a
2-3 cm distance away from the skin to be measured.
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Fig. 6. Dorsal Response of photodetectors in 1 LED

The leftmost part of Figure 6 shows the dorsal responses of a
phototransistor. As evident in the figure, the one-piece yellow
LED was able to detect the dorsal skin in every human subject
making it the best source than the orange and red LED
sources.The center graph of Figure 6 shows the dorsal response
of an LDR which demonstratedyellow LED as the best source
to be utilized with an LDR sensor. The rightmost graph of
Figure 6 shows the photodiode response. As can be seen, the
yellow LED source was also able to provide a one-lit LED in
the bar graph indicator in all sequences. With all instances
detected, the yellow LED still appeared as the best source to be
used with a photodiode in determining the dorsal skin response
of participants.
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Also in Figure 6, the yellow LED could be seen as the source to
offer the greatest response in all three sensors. This is
evidenced by LED:s lit in the bar graph response in all instances
or every human subject tested, except in LDR. Apart from the
greatest number of detected responses, the yellow LED source
also gave the most regular detection pattern than the orange and
red LEDs. The phototransistor sensor also gave the best
response as seen in the leftmost part of Figure 6 where the
gradual changes in the readings were based on the ages of the
human subjects. The combination of one-yellow LED and
phototransistor proved the best response in this first testing.

In the next graph, Figure 7 shows the optical dorsal responses
of the phototransistor, LDR, and photodiode were likewise
tested in two-piece yellow, orange, and red LED sources.
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Fig. 7. Dorsal Response of photodetectors in 2 LEDs

In the leftmost graph of Figure 7, the dorsal bar graph
responses of a phototransistor were compared. From the graph,
the yellow LED offered the best phototransistor response with
lit-LEDs in the bar graph indicator at all instances. Due to the
greatest number of detection, the leftmost graph of Figure 7
proves that the yellow LED is the best LED source. The LDR
were likewise shown in the middle graph of Figure 7. The
greatest number of lid LEDs in the bar graph response of a
yellow LED proves that yellow is also the best LED source for
the LDR response in the dorsal skin. For the
photodiode,responses were evaluated in the rightmost graph of
Figure 7. Here, the yellow LED proved to be the best source
compared to orange and red LEDs for the photodiode dorsal
skin detection of human subjects.

Also from Figure 7, the two-piece yellow LED again offered
the greatest response in all three sensors. This is evidenced by
LEDs lit in the bar graph response in all instances or every
human subject testing. Phototransistor also offered the greatest
optical response as evidenced by the highest number of dorsal
skin detection. In this two-LED testing, yellow LED and
phototransistor gave the best response.

Between the one-yellow and two-yellow LEDs, the latter
offered a better dorsal response to phototransistor sensors. This
is demonstrated by the greater number of two-lit LEDs in the
bar graph response. The two-yellow LED sources caused two
LEDs to light in six instances, as shown in Figure 7, as
compared to only four instances in a one-yellow LED in Figure
6.The following Figure 8 shows the dorsal responses of the
phototransistor, LDR, and photodiode in three-piece yellow,
orange, and red LEDs.
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Fig. 8. Dorsal Response of photodetectors in 3 LEDs

The rightmost graph of Figure 8 shows the dorsal bar graph
responses of a phototransistor. Here, the yellow LED offered
the greatest phototransistor response as evidenced by the lit
LEDs in all instances, plus, a gradual decrease in the number of
lit LEDs was observed as the age of human subjects
increased.In the center graph of Figure 8, the dorsal responses
of LDR were tested. Here, the yellow LED also proved to offer
the greatest LDR response because of two reasons, namely: (1)
it had lit LEDs in all twelve instances; (2) it had the least
variation in the bar graph response, in comparison to orange
and red that with observed irregularities in its responses. For
the photodiode responsein the rightmost graph of Figure 8,
yellow LEDs again offered the best photodiode response in the
detection of the dorsal skin. As could be observed in this part,
though not all instances were lit, it still had the most number of
lit LEDs in the bar graph indicator. A gradual decrease in lit
LEDs was observed in a yellow source, in contrast to an abrupt
change in both orange and red sources.

In the three graphs of Figure 8, the three-piece yellow LED
again offered the greatest response in all three sensors. This is
evidenced by LED:s lit in the bar graph response in all instances
or in every human subject tested, except in the photodiode
graph which missed one instance. Among the light sensors,
phototransistors also offered the greatest optical response
evidenced by the highest number of dorsal skin detection. In
this three-LED testing, the yellow LED and phototransistor
gave the best response.

Between a two-yellow and three-yellow LEDs, a better dorsal
response was seen in the three-yellow LED than the two-
yellow LED. This was demonstrated by the greater number of
three-lit LEDs in the bar graph response, as shown in Figure 8,
in comparison to a maximum of two-lit LEDs in the bar graph
indicator in a two-yellow, LED source, as shown in Figure 7.
Figure 9 shows the optical responses of the phototransistor,
LDR and photodiode in four-piece yellow, orange, and red
LED sources.
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Fig. 9. Dorsal Response of photodetectors in 4 LEDs

In the leftmost part of Figure 9, the dorsal bar graph responses
of a phototransistor were differentiated. From the graph, the
yellow LED offered the best phototransistor response with lit-
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LEDs in the bar graph indicator at all instances, plus, a regular
decrease in the number of lit LEDs was observed as the age of
human subjects increased. The orange LED also had all LEDs
in the bar graph indicator to light; however, an irregular
response was detected.In the center graph of Figure 9, the
optical response of LDR was determined. In this part, the
yellow LED offered the greatest LDR response because of two
reasons: (1) it had lit LEDs in all twelve instances; (2) it had
the least variation in the bar graph response compared to
orange and red with observed irregularities in its responses.In
the rightmost part of Figure 9, photodiode response showed
that yellow LED source also had the highest number of lit
LEDs. An almost gradual decrease in lit LEDs was observed in
a yellow source, in contrast to an abrupt change in both orange
and red sources.

From Figure 9, the four-piece yellow LED offered the greatest
response in all three sensors. This is demonstrated by LEDs lit
in the bar graph response in all instances or every human
subject tested and in all three light sensors used. Among the
light sensors, phototransistors also offered the greatest optical
response as evidenced by the gradual decrease in dorsal
detection. In this four-LED testing, the combination of yellow
LED and phototransistor gave the best response.

Among the LED source quantities, the four-yellow LED gave
the best dorsal response to a phototransistor sensor. This was
demonstrated by the greater number of six-lit LEDs in the bar
graph response, as shown in Figure 9, in comparison to a
maximum of three-lit LEDs in the bar graph indicator in a
three-yellow, LED source, as shown in Figure 8.

Figures 10 to 13 show the palmar responses of LED sources
and light sensors. Similarly, though tested separately, the
comparison of the response of the three sources was shown in
one graph.The leftmost part of Figure 10 shows the palmar
responses of a phototransistor. As can be seen, the one-piece
yellow LED detected the palmar skin in every human subject
testing making it thethe best source. A regular detection pattern
could also be observed in a yellow LED, as compared to red
and yellow.
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The center graph of Figure 10 shows the palmar response of an
LDR.Though the three-different colored LED sources were
able to detect the palmar skin in different instances, the
detection pattern of the LDR from all LED sources showed a
very irregular pattern making an unreliable response. The
photodiode response was shown in the rightmost graph of
Figure 10. With all instances detected and with a regular
detection pattern, the yellow LED still appeared as the best
source to be used with a photodiode in determining the palmar
skin response of participants.
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Figure 10 also showsyellow LED as the source to offer the
greatest responseas evidenced by LEDs lit in all instances or
every human subject tested in a phototransistor and photodiode.
The phototransistor also gave the best response as seen in the
leftmost part of the figure where the gradual change in the
readings were based on the ages of the human subjects. The
combination of one-yellow LED and phototransistor proved the
best response in this first palmar testing.

Figure 11 shows the optical palmar responses of the
phototransistor, LDR, and photodiode tested in two-piece
yellow, orange, and red LED sources.
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In the leftmost part of Figure 11, the palmar responses of a
phototransistor were compared. Here, the yellow LED offered
the best phototransistor response with lit-LEDs in the bar graph
indicator at all instances. Due to the greatest number of
detection and a regular pattern of detection, the leftmost graph
of Figure 11 proves that the yellow LED is the best LED
sourcefor the phototransistor response in the palmar area.For
the LDR response, the greatest number of lit LEDs of a yellow
LED proves that yellow is also the best source. In the rightmost
graph of Figure 11, the photodiode responses were evaluated
where the complete detection of the yellow LED in all
instances proved it to be the best source.

Figure 11 further shows that the two-piece yellow LED again
offered the greatest response in all three sensors. This is
evidenced by LED:s lit in the bar graph response in all instances
or every human subject testing. Phototransistors also offered
the greatest optical response as evidenced by the highest
number of palmar skin detection. In this two-LED testing, the
yellow LED and phototransistor gave the best response as
evidenced by the complete detection during human testing and
a regular response pattern.

Figures 10 and 11 both show a regular detection pattern for
one-yellow and two-yellow LEDs, respectively. However, the
two-yellow LED offered a better palmar response to the
phototransistor sensor as demonstrated by the greater number
of three-lit LEDs in the bar graph response. The two-yellow
LED sources caused two LEDs to light in six instances, as
shown in Figure 11, as compared to only four instances in a
one-yellow LED in Figure 10.

Figure 12 shows the palmar responses of the phototransistor,
LDR, and photodiode in three-piece yellow, orange, and red
LEDs.
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Fig. 12. Palmar Response of photodetectors in 3 LEDs

In the first graph of Figure 12, the palmar bar graph responses
of a phototransistor were compared. In this graph, the yellow
LED offered the greatest phototransistor response as evidenced
by the lit LEDs in all instances, plus, a gradual decrease in the
number of lit LEDs was observed as the age of human subjects
increased.In the center graph, though no regular pattern was
seen in the three LED sources, the yellow LED still proved to
offer the greatest LDR response because it had the least
variation in comparison to orange and red with obvious
irregularities in its responses.In the rightmost part of Figure 12,
yellow LEDs offered the best photodiode response in the
detection of the palmar skin with an almost regular pattern, as
opposed to the contrasting response patterns in orange and red
LEDs.

Also, Figure 12 shows that the three-piece yellow LED again
offered the greatest response in all three sensors. This is
evidenced by the highest number of LEDs lit in the bar graph
responses. Among the light sensors, phototransistors also
offered the greatest optical response as evidenced by the
regular detection pattern. In this three-LED testing, the yellow
LED and phototransistor gave the best response.

Between the two-yellow and three-yellow LEDs, a better
palmar response was seen in the three-yellow LED due to the
greater number of lit LEDs in the bar graph response. A
maximum of four-lit LEDs was observed in Figure 12, in
comparison to a maximum of three-lit LEDs in the bar graph
indicator in a two-yellow, LED source, as shown in Figure 11.
The succeeding Figure 13 shows the optical responses of the
phototransistor, LDR, and photodiode were tested in four-piece
yellow, orange, and red LED sources.
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Fig. 13. Palmar Response of photodetector and 4 LEDs

The leftmost part of Figure 13 shows the palmar responses of a
phototransistor. All LED sources caused LED in the bar graph
indicator to light in all instances; however, the yellow LED
offered the greatest phototransistor response as evidenced by
the regular response pattern. This regular decrease in the
number of lit LEDs was observed as the age of human subjects
increased. The orange and red LED sources also caused all
LEDs in the bar graph indicator to light; however, an irregular
response was detected.In the center graph of Figure 13, the
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palmar responses of LDR were seen. Here, the yellow LED
proved to offer the greatest LDR response because of two
reasons, namely: (1) it had lit LEDs in all twelve instances; (2)
it had the least variation in the bar graph response. The
photodiode response is shown in the rightmost graph. As seen,
both yellow and red LED sources completely detected all
instances as evidenced by the full detection in the bar graph
indicator; but, the yellow LED displayed an almost regular
pattern than the red LED source. An almost gradual decrease in
lit LEDs was observed in a yellow source, in contrast to an
abrupt change in both orange and red sources.

From Figure 13, the four-piece yellow LED again offered the
greatest response in all three sensors. This is demonstrated by
LEDs lit in the bar graph response in all instances or every
human subject tested and in all three light sensors used. Among
the light sensors, phototransistors offered the greatest optical
response as evidenced by the gradual decrease in palmar
detection. In this four-LED testing, the combination of yellow
LED and phototransistor gave the best response.

Among the LED source quantities, the four-yellow LED gave
the best dorsal and palmar responses to phototransistor sensors.
This was demonstrated by the lit LEDs and regular response
pattern in all tests conducted, as shown in the leftmost part of
Figures 6, 7, 8, 9, 10, 11, 12, and 13. As could also be
observed, a higher number of lit-LEDs in the bar graph
indicator appeared in the palmar testing as compared to its
dorsal equivalent. For example in the one-yellow LED testing
of palmar and dorsal skin. A maximum of two-lit LEDs in the
bar graph indicator appeared at four instances in the dorsal
testing in Figure 6, in comparison to three-lit LEDs at four
instances in the palmar testing at Figure 10. In the two-piece
yellow LED dorsal and palmar testing in Figures 7 and 11,
respectively, a maximum of two-lit LEDs were observed in the
dorsal test in Figure 7; while a maximum of three-lit LEDs was
observed in the palmar test in Figure 11. Such was also the case
in three-piece yellow LEDs. A maximum of three-lit LEDs in
the bar graph indicator was observed in the dorsal testing in
Figure 8; while four-lit LEDs occurred in the palmar testing in
Figure 12. In the four-yellow LED, six-lit LEDs were observed
during the dorsal testing in Figure 9; but eight-lid LEDs in the
bar graph indicator appeared during the palmar testing in
Figure 13.

The skin’s light reflectance ability was demonstrated in this
study. The findings of higher lit-LEDs in the palmar than the
dorsal reinforced the greater number of melanin present in the
dorsal area [5]. These greater numbers of melanin absorbed the
incident light; thus, causing lesser light to be reflected and be
sensed by the photosensor. The results further proved the
possibility of using it for assessing a person’s melanin instead
of spectrophotometry or skin biopsy[40].

5. CONCLUSION

The series of tests demonstrated that a 590 nm yellow LED had
the highest sensor response to photoplethysmographic detection
of the dorsal and palmar skin of human subjects. Both red and
orange were able to detect, too; however, its higher
wavelength, meant penetration in the next deeper level of the
skin, which is dermis layer which already involved blood and
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other vessels that absorbed light. The results further confirmed
the fact that age and gender are relative to the amount of
melanin present. For example in the 2g (41-year old female),
5g (10-year old female) and 6g (5-year old female) instances,
particularly the four-yellow LEDs and phototransistor testing in
the dorsal and palmar skin at Figures 9 and 13, a decline in the
amount of reflected light meant greater absorbed light as a
result of a higher amount of melanin present.

Among the quantities of LED tested, four pieces of yellow
proved to offer the highest sensor response to all light detectors
used. Phototransistor gave the highest sensor response among
the detectors used and is the best detector to be used in this
type of application.
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