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The purpose of this activity is to find a mathematical function that fits your photoplethysmogram (PPG). You
will obtain your personal PPG using digital pulse oximeters. The graph of the pulse obtained with the pulse
oximeters will be inserted in a Graphical User Interface (GUI) developed in Excel. In this GUI, you will fit your
PPG graph in a harmonic function obtained by adding several trigonometric functions, specifically sine functions
with different amplitudes and frequencies. Once you obtain the best fitting harmonic function—reading some
values on this function—you will obtain your own personalized cardiovascular information such as pulse
interval, cardiac period, and systolic and diastolic phases. Students with a background in calculus will be able to
find additional information as arterial stiffness and vascular age.

By the end of this activity you will:
After this activity, students should be able to:

e Understand how a photoplethysmogram (PPG) analyzes and outputs information.
e Use a digital pulse oximeter.
e Identify important cardiovascular information contained in a PPG graph.

e Learn that a superposition of basic trigonometric functions like sines and cosines can be used to describe a more
complex periodic function.

Activity Guidelines
1. Choose a partner to work with.

2. Each group will need the next materials:
e CONTEC CMS 50D+ Digital Pulse Oximeter with USB cable
e computer with Windows OS with the Snipping Tool extension installed
e Excel and pulse oximeter software interface installed in computer
e Excel GUI for PPG pulse analysis spreadsheet
e laser printer, PowerPoint or Google Slides for poster or presentation creation

3. With the digital pulse oximeter connected to the computer and the software interface detecting the pulse
oximeter signal, every student can obtain their PPG. Capture your PPG, which is displayed in the pulse
oximeter software interface, with the Snipping Tool. Save this file.

4. Open the Excel GUI. Save a copy with your name. In worksheet PPG-Graph, insert the saved file from above
as background of the graphing region.

5. By modifying the values in the cells at the left of the graph, try to fit the blue line to match your PPG. You
have to set the values for the first two harmonics, H.1 and H.2. Including more harmonics may improve the
match.
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6. Once you obtain the best function that approximates your PPG, write your function in the box at the bottom

of the worksheet. Use the equation editor to type your function.

7. Go to worksheet Cardiovascular Analysis. On the graph, locate the values for the information displayed on
the image at the right by carefully placing the cursor on your function’s graph. Annotate the values found in

the boxes below.

8. Decide with your teacher how you are going to present your results, whether that be an in-class
presentation, a poster session, or video presentation. For any of these options, you will have to create a
poster as support. Use PowerPoint or Google Slides to create the poster. Each student should present their

personal results.

9. For students with a background in calculus: In worksheet Cardio-Calculus-Analysis, analyze the second
derivative of your function to obtain additional information from your PPG. Use the graphs at the right to
identify the points on your graph. Write down those values. Perform the calculations in the listed formulas
for arterial stiffness, vascular aging, and vascular age. Annotate the values in the corresponding boxes below

the second derivative graph.

Poster-Presentation Content Checklist

Points @ Evaluation

1. Title of the project, and student’s names 5
2. Description and purpose of the project 5
3. Background of your activity 15
4. Steps or process followed to find your function. Include PPG graph 20
5. Obtained function(s) and its(their) graph(s) 20
6. Summary of the cardiovascular information obtained 5
7. Conclusions 5
Total Points:
Results Presentation Checklist Points [  Evaluation
8. Information clearly written and well organized 10
9. Clear and concise explanation of the work done 10
10. Creativity 5

Total Points:
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Notes:

e This project is a major grade for this grading period

e Find videos for this activity background at
https://www.sophia.org/tutorials/heart-ecg-ppg

e You will have to obtain your PPG pulse.

e The results presentation or submission dates will
be set up during these work sessions.
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Annex 1. Pulse Oximeter and Software Interface

Follow the next steps to obtain the graph of your photoplethysmogram (PPG).

1. Connect the USB cable to the CMS 50D+ pulse 4. Click the connection button. On the Devices

oximeter into a USB port. window select the port the pulse oximeter is
SR S : connected to, and click the “Connect” button.

2) Auto
Bluetooth
Manual

Connection  Device Company D Stored Data

2. Insert a finger in the pulse oximeter. Turn on the
device and wait until you obtain a reading.
Configure the pulse oximeter to display the PPG
by pressing the little white button.

Connect l | Refresh SetlD Close

View device stored data only

5. Let the Sp02 assistant window display a full and
stable pulse. On the main menu click Edit ->
Freeze Wave.

T 5p02 Assistant

File Edit Options Report Manual About
&0 | i3 \ Q| 3

%Sp0z

4

85 /99

98

12 PR 20bpm(per division) PRbpm

,

50 / 150

71

100

File Edit Options Report Manual About

RE2L|E|2Q

13:53:13

\'-.
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Annex 2. Pulse Analysis using the Excel Graphic User Interface (GUI)

Follow the next instructions to analyze your PPG.

1. Look for the file PPG-GUl.xls. You should open the GUI on the worksheet PPG-Graph.

FILE HOME

M Cut

ER Copy ~
Paste Py
- ~ Format Painter

INSERT

Clipboard ]

B2 -
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PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER
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- é-—r'Wrap Text
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TR . Conditional Format as| Good Neutral
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Marge&Center - ey WM

Formatting~ Table~

Font [F] Alignment [F] MNumber [F]

Styles

E F G H 1 J K L M N ] P Q R S T u v

m+O

E

Primary Freguency
w=| 1.1jsec
Vertical Shift
h= 170| my

Harmonics' Parameters
H.1 Amplitud & Phase shift
m=[  slmy

9 as[ o

10 |H.2 Amplitud & Phase shift
11 AZ= my

12 c2=

13 [H.3 Amplitud & Phase shift
14 A3= mv
15 3=

0w @ B R

16 [H.4 Amplitud & Phase shift
17 A= mv
18 cd=
19 [H.5 Amplitud & Phase shift
20 A5= my

5=

Pulse Amplitude (mV)

PPG-Data and Harmonic Function

280

280

200

170

110

25 3 35 a
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2 F(t) = h+ A, sin(2nwt + ¢;) + A,sin(dnwt + ¢;) + A5 sin(6nwt + ¢5) + A, sin(Bnwt + ¢,) + Ag sin(10nwt + cg)
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30
31
32
3 F(t) = (type your function here)
35
38
37
35 Student: |{Your Name here} Date: (Date here}
el
40|
PPG-Graph ‘ Cardiovascular Analysis | Cardio Calculus-Analyisis | Data-and-Harmonics ‘ &) |
2. Important: Save a copy of this GUI. Use your name as the new file’s name.
3. Insert your PPG pulse as background of the graphing region. To do this, follow the next steps.
PPG-Data and Harmonic Function
250 0 .Q.' [#- 5
S === [plotAea -
. Fil outine (a). Click on the graph region
s Delete (b). Press mouse right button
3 = 1] Resetto Match Style (c). On the displayed menu select Format Plot Area...
% . 1.1 Change Chart Type...
E I Saveas Template..
E. 170 Select Data...
7 O ) Rotat
EEE 1}# Format Plot Area...
110 7 O
0 0s 1 15 2 25 & 35 a4 a5 5

Timn fenmandey
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Format Plot Area v %

PLOT AREA OPTIONS ¥

(d). On the Format Plot Area expand FILL

e
\

4 FILL

Mo fill
Solid fill
Gradient fill

# Picture or texture fill

(e). Click on Picture or Texture Fill button

(f). Click on button Yes

Microsoft Excel

[

Complex formatting that is applied to the selected chart may take a while to display. Do you want to continue using the formatting?

Yes

Was this information helpful?

Pattern fill
Automatic
Color Iy -
Transparency | 0% z
I BORDER

(h). In the open Insert Picture window select your

saved PPG file and press Insert

Insert Picture

[

|R& PPG-and-Derivatives PMNG image

@uv| . v Computer » MRAMIREZ (E]) » Rice-RET » Documents » = |‘?|| Search Documents P
Organize v New folder N | @:"
= =
Docurments i Mame Type i
&t Music = T T
B P = OxygenSaturation JPEG image
ictures
E -~ =] PPGO3 JPEG image
ideos

= PPG-Miguel01 JPEG image

?‘3 Homegroup

| || PPG-Pulse JPEG image
|| 1 Computer CEI Ricel JPEG image =
):\éu Local Disk (C:) E = Rfcel JPEG fmage
[l & Ricelogo TMCMYK300DPI JPEG image | i
= MRAMIREZ (E:) X
b = Sky_with_puffy_clouds JPEG image
| G ewwork P o — e
(l
File name: PPG-Miguelll > [ pictures -
N
| Tools - [ Insert |v] [ Cancel ]
= =
A B C D E F G H I J K L M M [s] P Q
1 Primary Freguency . .
2 w=[ 1/sec PPG-Data and Harmonic Function
3 ertical Shift
4 e[ 170]mv
5
3 Harmonics' Parameters
7 |H1 Amplitud & Phase shift =
s| me __mmw  E
9 cl= gl
10 |H.2 Amplitud & Phase shift 2
nl [ ofmv 3
7] IS £
13 |H.3 Amplitud & Phase shift @
wl  ma[  ofmv E
15 3= o
16 |H.4 Amplitud & Phase shift
17 a=[ o]mv
15 o=
19 |H.5 Amplitud & Phase shift
20 As=[ o]mv
21 = o Time (seconds)
22
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PLOT AREA OPTIONS ¥

(g). On the expanded menu
Insert picture from,
click the File... button

4 FILL

Mo fill
Solid fill
Gradient fill

#) Picture or texture fill
Pattern fill

Automatic

Insert picture from

File... Clipboard Onling...
Texture . A
Transparency | 0% :
| Tile picture as texture

Offset X 0 pt -

Offset ¥ 0pt s

Scale X 100%% z

ScaleY 1005 -

Alignment Top left =

Mirror type Mane o
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The graphing window is ready for you...

(4). To overlap the best possible both lines consider the next tips.

(a). First modify the frequency . Find the value that makes the distance between maximums the same for both lines

A B C o} E F G H I J K L M M (o} P Q R 5 T
1 Primary Frequency _ .
2| w=|£‘|1_1 1/sec PPG-Data and Harmonic Function
3 Vertical Shift
4 n=[__17o|mv
5
[ Harmaonics' Parameters
7 |H.1 Amplitud & Phase shift =
] A 25 E
] a=[ | g
10 |H.2 Amplitud & Phase shift =1
11 A2=| mv =
2 el £
13 |H.3 Amplitud & Phase shift W
] m=[ ofmv 5
15 c3= =
16 |H.4 Amplitud & Phase shift
17 A=[  o|mv
13 o=
19 |H.5 Amplitud & Phase shift
20 A= o|mv
1 5= 0 Time (seconds)

(b). Next modify shift c1 of first harmonic H.1. Find the value that makes the maximums of both lines more or less

match
A B C D E F G H 1 1 K L [t M (8] P Q R S T

1 Primary Frequency . .
2 w=|__ L18|1/sec PPG-Data and Harmonic Function
3 Vertical Shift
5
[ Harmaonics' Parameters
7 |H.1 Amplitud & Phase shift =
5| mf__mlev  E
9 a=[ 23] 2
10 |H.2 Amplitud & Phase shift =1
| A=l omv =
2| ol o g
13 |H.3 Amplitud & Phase shift W
[ omv 5
15 3= =
16 |H.4 Amplitud & Phase shift
17 pa=[  o]mv
13 cd=
19 |H.5 Amplitud & Phase shift
0 as=[  o]mv - :
2 = 0 Time (seconds)
an

(c). Modify the values w and c1 until you get the best match possible. Modify the value of the amplitude A1l for the first
harmonic H.1, until the heights of both pulses match. It is possible that you have also to modify a little the value of
the vertical shift h.

A B C [} E F G H I ] K L M M Q P Q R 5 T
1 Primary Frequency . .
2 w=]__ L18]1/sec PPG-Data and Harmonic Function
3 Vertical Shift
4 [ 178]mv
5
& Harmonics' Parameters
7 |H1Amplitud & Phase shift . <~
s a| __sm  E
o a4 3
10 [H.2 Amplitud & Phase shift 2
| om=[  ofmv =
2| o[ o E
13 [H.3 Amplitud & Phase shift W
| m= olmv 5
15 c3= =
16 |H.4 Amplitud & Phase shift
17 A=[  o]mv
15 cd=
19 |H.5 Amplitud & Phase shift
o] A omv
21 es=| o Time (seconds)
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(d). Give a value to the amplitude A2 of the second harmonic H.2. Try values less than half of Al.

A B C o} E F G H I J K L M M (o] P Q R S T u v
1 Primary Frequency _ .
2 w-|__ 118]1/sec PPG-Data and Harmonic Function
3 Vertical Shift
5
[ Harmonics' Parameters
7 |H.1 Amplitud & Phase shift =
8| me[  slm  E
o| - 28 2
10 |H.2 Amplitud & Phase shift 2
11 A= 10]mv =
2| ol | E
13 [H.3 Amplitud & Phase shift a
| A=l ofmv 5
15| e=| g =
16 |H.4 Amplitud & Phase shift
17 p=[  o|mv
13 o= 0|
19 |H.5 Amplitud & Phase shift
20 AS= my
2| = g

A B C [} E F G H I J K L M M (o] P Q R 5 T u v
Primary Frequency

w=[__ 118]/sec PPG-Data and Harmonic Function

1
2

3 Vertical Shift =0
5

6

7

8

r
&
=]

Harmonics' Parameters
H.1 Amplitud & Phase shift

>

Al=[  31|mv E
o a2 3
10 |H.2 Amplitud & Phase shift 2
11 A2= 10|mv 3 w0
12 c2= 4 E
13 |H.3 Amplitud & Phase shift @
o om ofmv =
15 3= e
16 |H.4 Amplitud & Phase shift 140
17 aa<[  o|mv
18 cd=
19 |H.5 Amplitud & Phase shift 110
20 As=[  o|mv : : 5
1 .35= Time (seconds)

(f). It is important to modify a little these six parameters in order to achieve the best fit of these two curves. This is a guess
and check, modify and see process that requires some patience. Keep a written record of the values producing a good fit.
(Don’t forget to save your file frequently!)

A B C D E F G H I ] K L M N o} P Q R 5 T u v
1 Primary Freguency N .
2 w=[__ 118|1/sec PPG-Data and Harmonic Function
3 Vertical Shift =0
4 h= 170|mV
3 . 260
& Harmonics' Parameters
7 |H.1 Amplitud & Phase shift =
8 A1=m\f E
9 cl= 24 %
10 |H.2 Amplitud & Phase shift 2
11 A2= 5 20
12 c2= E
13 |H.3 Amplitud & Phase shift o
A= ofmv 57
5] <[ 0 =
16 |H.4 Amplitud & Phase shift 140
17 pa=[  o]mv
i e[ 0
19 |H.5 Amplitud & Phase shift 110
20 A= o]mv - : 5
21 es=| 0] Time (seconds)

(g). A better match between these curves can achieved using more harmonics. Proceed in the same way as above. Give a value
to the amplitude A3 of the third harmonic H.3, less than half the value of A.2.
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2
3
4 n=[___170]mv
5
)

Harmonics' Parameters

7 |H.1Amplitud & Phase shift
] Al=
9 cl= 4

10 |H.2 Amplitud & Phase shift
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13 |H.3 Amplitud & Phase shift
14 M=  almv

15 3= ol

16 |H.4 Amplitud & Phase shift
17 A= o]mv

15 cd=

19 |H.5 Amplitud & Phase shift

A B C
1 Primary Frequency
2
3
4
5
[ Harmonics' Parameters
7 |H.1Amplitud & Phase shift
3
9
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1
12
13
14
15
16 |H4 Amplitud & Phase shift
17 aa=[  o]mv
18 o= o
19 |H.5 Amplitud & Phase shift
0 as=[  o]mv
1 o= o

—_
-

Pulse Amplitude (mV)

Pulse Amplitude (mV)
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PPG-Data and Harmonic Function
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PPG-Data and Harmonic Function
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. Modify the eight parameters used until now, looking for the best possible fit. This will require more time and patience

but you can find a good match. Repeat the above process for an additional harmonic. You can add up to five harmonics in
this GUI. Here is a match with four harmonics.

A B C
Primary Frequency

w=[__1185[3/sec

Vertical

Harmonics' Parameters
H.1 Amplitud & Phase shift

o e W N e
=
'I

]

Pulse Amplitude (mV)

0 ®

12

13 'H.3 Amplitud & Phase shift
14 A= almv
15 3= 1.3

16 |H.4 Amplitud & Phase shift
17 A= almv
18 4=

19 H.5 Amplitud & Phase shift
20 as=s[ olmv
2l s o

Be patient and good luck!

»
&

G H 1 J K L M N [e] P Q R

PPG-Data and Harmonic Function

Time (seconds)
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Annex 3. Reading Values on the Graphs.

Read the values for the obtained function on the graph in worksheet Cardiovascular Analysis. This is an easy task
that only requires a firm hand on the computer’s mouse. After selecting the graph, you have only to carefully place
the mouse pointer on the graph line and the software will display the corresponding coordinates for that point.

L T I o R N

b b e b B e e
0 =l O wn d W R e D

=
o

Amplitude (mV)
2 8 k&

g

0.2

0.4

D

E F € H

PPG-Harmonic Pulse Analysis

Series 1 Point "0.72°
(0.72, 208.6336593)

0.6 0.8 1 12 14

Time [seconds)

18 18 2

|

[
Peak-to Peak Interval )

or Cardiac Period
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Amplitude
] V1
: -
. Diastolic
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' '
RS S ————" A ——

=== Pulse Interval

Students with a background in calculus will use the same procedure to find the coordinates of points on curves in
worksheet Cardio Calculus-Analysis.

g8 . 8 § &

PPG Second Derivative (mV/sec?)

BB 8

o

0.2

0.4

X a e vy
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APG Harmonic Pulse F"(t)

Time (seconds)
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Primary Freguency

EuEH‘,mmn
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H.2 Ampl
A3=
c3=
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F(t) = h+ Ay sin(2nwt + ¢;) + Azsin(4nwt + ;) + Az sin(brnwt + c3) + Ay sin(8nwt + ¢4) + Ag sin(10nwt + c5)

F(t) =170+ 27sin(2.37nt — 2.1) + 10 sin(4.74nt — 2.8) + 4 sin(7.11nt — 1.3) + sin(11.85xt)

The Trigonometric Function in My Heart

Student:

Miguel R. Ramirez

Date:

Sep-06-2018
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“For years your teachers kept telling you to settle
down and sit still. You can stop now.”
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