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ABSTRACT

Deep Vein Thrombosis (DVT) has garnered significant attention from various stakeholders due to its simplistic yet 
fatal nature. This study focuses on investigating blood flow in the deep veins, particularly at the lower calf leg muscle 
using Photoplethysmography (PPG) techniques. The primary objective is to analyse the pattern changes in deep vein 
blood flow under different simulated DVT conditions, including no DVT, slight DVT, medium DVT, and severe DVT.  
The PPG sensor was utilized to measure changes in deep vein blood volume by attaching it to tibialis posterior (TP) 
area at lower limb. Data collection procedure implemented was adapted from multiple studies on the non-invasive 
assessment of Deep Vein.  A healthy PPG waveform was measured by having the lower muscle calf contracting and 
relaxing for 70 seconds, thus obtaining the mean value IR reflectance at 79277.  This data was benchmarked with the 
simulated DVT conditions by applying pressure of 50 mmHg, 100 mmHg and 150 mmHg on upper leg muscle calf, 
obtaining mean value reflectance of 76179, 75253 and 75092 respectively.  Based on the results, the PPG waveform 
clearly illustrated that blood flow in the vein was significantly reduced under simulated severe DVT conditions. 
Furthermore, noticeable differences in the PPG waveform were observed between each simulated DVT condition. 
These findings strongly indicate a possible thrombosis that restricts oxygenated blood flow from deep veins to the 
heart.
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INTRODUCTION

Thrombosis is a medical term that refers to the formation 
of a single or multiple abnormal mass from the constituents 
of blood within the vascular system of a living organism. 
When the formation occurs in the deep veins, it is 
categorized as Deep Vein Thrombosis (DVT). This disease 
could be diagnosed in the lower extremities or upper 
extremities, but it is more common in the lower extremities, 
(Sharif-Kashani et al. 2009). There are total of four classes 
for lower extremities which are isolated calf thrombosis 
(class I), femoral-popliteal vein thrombosis (class II), iliac 
vein or common femoral thrombosis (class III), and inferior 

vena cava thrombosis (class IV). This disease is rather 
common in the west. It is recoded in the United States, 
approximately 100 people per 100,000 each year with 
exponential rise from <5 cases per 100,000 people <15 
years old to 500 cases per 100,000 persons at age 80. 
(White, 2003). In conjunction, people who had experience 
trauma or surgery will have approximate 15% to 40% risk 
of DVT devolvement. Which may double to 40% to 60% 
if the surgery take place on the hip or knee that was 
mentioned by (Kesieme et al. 2011) .  In other cases, 
diagnosis for DVT was being done using the ‘gold standard’ 
that is using Venography. This method is invasive, whereby 
a special dye is inserted into a vein in the foot.  Such 
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technique can be expensive, time consuming and can lead 
to other medical complications, (Fox J, Bertoglio C 2010).  
Therefore, point of care protocol must be followed for 
patients in critical emergency cases, (Zaki, et al. 2024).  
Furthermore, there are other multiple ways to diagnose 
DVT. These are D-dimer test, contrast venography, 
impedance plethysmography, magnetic resonance imaging 
(MRI), and venous ultrasonography.  Among all these 
diagnoses available, the ultrasonography is fast, reliable, 
inexpensive, and non-invasive. It replaces Venography as 
the industry gold standard in diagnosis of DVT with a 
estimated of 65 % accuracy in detection and a safer method 
approach, (Theerakulpisut et al. 2018).

This method, however, does have some drawbacks as 
it depends on the operator’s skill level,  sensitivity imaging 
issues especially conducted on obese patients according to 
(D’Oria et al. 2025).    

Photoplethysmography (PPG) is a non-invasive 
optical principle that is widely used in wearable health care 
devices. These principles measure the measure the 
absorbance and reflection of light to estimate the parameter 
such as the blood volume in the venous or capillary under 
the skin. Transducer is used in PPG to emit infrared light 
into the demise and a photodetector is used to detect the 
net absorption of the infrared light to output a line tracing. 
The reading will be high when the blood content in skin 
capillary and venous.  The reading will decrease when 
blood is expelled from the area. Thus, with this ability 
measuring the refilling and emptying time of blood on a 
limb is possible. With such technique, it is possible to assess 
the pump efficiency on the calf by blood displacement.  
This project aims to investigate the effect of different DVT 
condition on the blood flow in the Deep Veins. 
Photoplethysmography (PPG) sensor was used to measure 
the blood volume of Deep Veins under the Tibialis Posterior 
(TP). Basically, this project contributes to the literature on 
the impact of DVT condition. This paper documents an 
important relationship between deep vein blood volume 
and DVT condition.

Deep veins could be found in between muscles and 
along the bones. As such the pumping action of the vein 
is highly dependent on the contraction and relaxation of 
the surrounding muscles. Therefore, when a step is taken 
a pumping action will take place on the deep vein. The 
deep veins are crucial to pumping de-oxygenated blood 
towards the heart. Deep vein thrombosis occurs when a 
thrombus, known as blood clot, is formed in the deep veins 
of the body. This situation can occur post-surgery where 
blood clump got stuck in the veins or the sluggishness of 
blood flow due to inactivity on the leg. As established, 

although DVT could occur at any point of the blood 
circulator system, it is commonly found on the deep vein 
of the lower extremities where blood capillaries are 
abundantly found. However, the thrombus formed may 
shift from one vein to another thus the affected point may 
not be the point of origin.  Two diagnostic methods 
categorized as invasive and non-invasive.  Venography is 
one of the most accurate diagnostic one can get for DVT 
diagnostics but it not the most popular choice compared 
to D-Dimer test and Venous Ultrasonographic which is 
much more appropriate for patients with acute DVT 
episodes according to (Kesieme et al. 2011). This is because 
venography is considered invasive due to its requirement 
of dye injection into the body of patients, usually 
noniodinated solution diluted with saline solution, followed 
using X-ray for the imaging of the veins, (Theerakulpisut 
D, et al 2018). 

According (Weitz, et al. 2017), as thrombi is broken-
down by the fibrinolytic system, D-dimer which is a 
plasmin-delivered soluble degradation product will be 
produced. In a typical health individual, there will be low 
level of D- dimer which is a plasmin-delivered soluble 
degradation product will be produced. In a typical healthy 
individual, there will be a low level of D- dimer found in 
the blood composition. However, when elevation of 
D-dimer is detected, it is usually related to thrombosis. 
Thus, it is useful as indicators for the diagnosis of venous 
thromboembolism (VTE). However, D-dimer test may still 
report false positive result in people with inflammation, 
pregnancy, malignancy, and elderly.

There are three mainstream light sources used in PPG 
sensing. Table 1 shows the tabulated wavelength for each 
type of light.  Red light with the wavelength of (650-750 
nm) and IR light with the wavelength of (850-1000 nm) 
are used for PPG measurement, (Alharbi, S. et al. 2018). 
These lights due to their large wavelength, the skin 
penetration power is excellent which suited well for PPG 
transmission mode. However, in recent years due to the 
mounting arrangement, more and more devices had been 
favoring reflectance mode over transmission mode of PPG 
sensor. The problem with reflectance PPG sensor is its 
sensitivity towards the motion that would cause 
disturbance(artefact) to the signal. In a study conducted by 
(Alharbi, S. et al. 2018) in the effort to reduce signal-to-
noise ration of reflectance PPG, it is found that the green 
light source with shorter wavelength 525 nm would have 
a better signal-to-noise ratio than infrared on reflectance 
as the signal suffers from less attenuation due to shorter 
path length.  
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TABLE 1.  Wavelenght comparison for each light
Light Wavelength
Green 495 – 570 nm
Red 620 – 750 nm

Infra-Red (IR) 800 – 980 nm

METHODOLOGY

CIRCUIT AND SIGNAL COMMUNICATIONS

The DVT diagnosis circuit is drawn using “Fritzing” and 
Arduino coding is developed to configure the sensor to 
measures the blood volume of the veins for DVT diagnosis. 
The complete circuitry is built and tested. If the sensors do 
not behave as intended, the Arduino codes is taken to the 
cycle of troubleshooting until desired outcome is achieved. 
As the detection circuit function as expected, integration 
of Bluetooth communications is performed to enable the 
circuit to transfer measured result to a smartphone 
wirelessly for easy visualization of data without the reliance 
of computer.

 The circuit prototype is said to be finalized as it can 
perform both sensing and wireless data transferring. Before 
the prototype is ready for real- world testing, the 
components are integrated into a wearable form factor as 
required by the objective of the project. With the circuitry 
and fabrication done, it will be used to measure the change 
of venous blood volume with the sensor placed around the 
calf area. There are total of 4 tests taken on 1 individual 
without any medication record. The 4 tests are: normal 
condition, pressured thigh at 50mmHg, pressured thigh at 
100mmHg, and pressured thigh at 150mmHg. The change 
of blood volume recorded is observed and analyzed.

EXPERIMENT DESIGN AND PROCEDURE

A microcontroller is used to set up the PPG sensor, with 
baud rate of the Bluetooth module from initial 9800 to 
115200. The change in baud rate to a higher value is to 
ensure that the Bluetooth module is as fast as the PPG 
sensor that is working in the baud rate of 115200. If the 
baud rate is not syncing the Bluetooth will not be able to 
encode every single data that is captured by the PPG sensor 
without the use of data storage which may take up the 
limited data space in the Arduino microcontroller. Since 
the aim of the current project is to give real time data 
plotting on connected Bluetooth device, data storage 
technique is not adopted.  After initializing both PPG sensor 
and Bluetooth module, the microcontroller will start an 
internal timer and start to listen to port D10 for any inputs. 

Port D10 is attached with a pull-down button that has an 
initial state of 0 and 1 when pressed. The state change 
caused by pressing the button will be acknowledged by the 
microcontroller as input. When input is detected, the 
microcontroller will begin to take the IR value recorded 
by the running PPG sensor and send it to the Bluetooth 
module to be transmitted to the connected Bluetooth 
device. 

While data is being passed to the Bluetooth module, 
the microcontroller will keep track of the time through the 
subtraction of current time and start time. As the time 
difference between the current time and the start time is 
less than 70 seconds holds true, the microcontroller will 
continue to keep sending data to the Bluetooth module. If 
the difference in time exceeds 70 seconds, the data transfer 
operation will cease, and the program will return to the 
state of listening for input on port D13. The data 
transmission will continue once more when the pull-down 
button is pressed again.

In Figure 1, the DVT sensor prototype is strapped on 
to the leg above the calf with care of not overtightening so 
that no pressure is caused by the prototype. After strapping 
on the prototype, the sensor is placed around the peroneus 
longus area and is held in place either by a medical tape 
or cellophane tape. As for the Sphygmomanometer, it is 
wrapped around the thigh snugly to ensure no extra pressure 
is induced on the thing. With all the components in place, 
the leg is required to be positioned as such that the angle 
between the calf and thigh is around 110° to ensure that 
the user can move the calf muscles freely by raising the 
foot with the heel remain contact with the ground.

FIGURE 1. Prototype set-up

Diastolic
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EXPERIMENT TEST AND PROCEDURE

The DVT sensor prototype is turned on and it is paired 
with an android device using Bluetooth via application 
“Bluefruit Connect”.  Turning on this application, switch 
the plot tab.  Without any pressure apply to the 
Sphygmomanometer, the button of the prototype is pressed 
while starting a 2 second interval tone.  By following the 
2 second interval tone, the feet are raised with the heel 
remaining on the floor.  By following the 2 second interval 

tone, the feet are raised with the heel remaining on the 
ground 20 times to create the systolic curve of the deep 
vein.  After the 20 times foot raise, the foot is put to rest 
for the rest of the testing which lasted around 30 seconds.  
The act of lifting up the feet while heel remained on ground 
creates a pressure conditions in the veins.  The data is taken 
as the graphs stops plotting. The whole test lasted for 70 
seconds.  A 10-minute rest is taken, and the testing is 
repeated by inflating the Sphygmomanometer to 50mmHg, 
100mmHg and 150mmHg.  Figure 2 illustrates the entire 
project framework model and its connections.

FIGURE 2. Project Framework

RESULTS AND DISCUSSION

Data is taken from the sensors for a total of 70 seconds 
during measurement. On the PPG waveform, the y-axis is 
the reflectance IR value while the x-axis is the number of 
average samples. Since the sample rate of the sensor is 100 
and sample averaging is set to 8, there will be a total of 
875 samples point output by the sensor. The result shown 
recorded shows that there is only 816 points because the 
first 5 seconds of the data is cut off as the data is static. 
This is done so that it will not affect the averaging of IR 
value that will be used for comparison.

Figure 3 shows the PPG waveform obtained from the 
left leg of the subject without any pressure applied on the 
thigh over the course of 70 seconds. From the waveform, 
the initial IR reflectance value is only 78604. The action 

of moving the feet moving the feet up cause the calf 
muscles to contract and relax which in turn pushes blood 
out from the deep vein. It is seen that the IR value rises to 
79880 on final feet movement that is around 45 seconds 
in the diagnosis. The phase where blood is actively pumped 
out from the vein is called the systolic phase. The gradient 
formed between the two labelled points of is calculated to 
be 2.66   As the action stops the blood is allowed to flow 
back into the deep veins which will cause the reflectance 
of IR light to reduce due to the increase in deoxygenated 
blood in the vein. The phase where blood is allowed to 
flow back in the vein is called the diastolic phase. The 
gradient between the end of systolic phase and diastolic 
phase is calculated to be -3.105. The mean IR reflectance 
value is calculated at 79277.
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FIGURE 3. PPG Waveform before DVT pressure applied

The PPG waveform in Figure 4 is obtained from the 
same location as the non-DVT test. However, this time a 
pressure of 50 mmHg is applied around the thigh area using 
a sphygmomanometer. During the systolic phase it 
resembles a positive slope, the gradient between the lowest 
peak and highest peak is calculated to be 0.77. While on 
diastolic phase a negative slope is visible, the gradient 
between the end of systolic phase and diastolic phase is 
calculated at -2.88. The mean IR reflectance value is 
calculated at 76179.

FIGURE 4. PPG Waveform of DVT pressure at 50 mmHG

To simulate a medium DVT situation, the pressure 
around the thigh increase from 50 mmHg to 100 mmHg. 
In Figure 5, the systolic phase no longer resembles a 
positive slope, however, the movement of feet could still 
be recognized by the saw tooth pattern. The systolic phase 
gradient is recorded to be -2.00. In the diastolic phase the 
IR reflectance deep further down forming a gradient of 
-2.61. The mean IR reflectance value calculated is 75253.  
To simulate severe DVT condition the pressure around the 
thigh is increased from 100 mmHg to 150 mmHg. As shown 

in Figure 6 the PPG waveform produced resembles medium 
DVT condition where the systolic phase remains negative 
at -3.22. The diastolic phase IR reflectance value dips even 
further with the gradient of -3.12. The mean IR reflectance 
had reduced to only 75092.

FIGURE 5. PPG Waveform of DVT pressure at 100 mmHG

FIGURE 6. PPG Waveform of DVT pressure at 150 mmHG

TABLE 2. Data comparison for different DVT pressure
DVT Pressure 

Condition
IR Reflectance 

value
Mean/Average

Healthy 79880 - 78282 79277
50 mmHG 76572 - 75566 76179
100 mmHG 76198 - 74360 75253
150 mmHG 76568 - 73855 75092

Based on the PPF waveform result, it is seen that the 
IR reflectance value showed an overall decrement as the 
simulated DVT condition worsened. In this test case, the 
decrease in IR reflectance value is caused by the restriction 
of blood flow due to the pressure on the thigh. When 
pressure is applied to the thigh, all the muscles on the thigh 
will experience a compression. As the muscles are 
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compressed the movement range will be limited, therefore 
the muscles are unable to loosen on around the deep veins 
which causes constriction of blood flow. As blood is 
flowing slower, the blood content will slowly concentrate, 
the increase in blood particle will absorb more IR light 
produced by the sensor thus causing the reflectance value 
to decrease as there is less light being reflected to the 
photodiode of the sensor.  Table 2 summarises the 
reflectance value obtained for different DVT condition. 
Result obtained from testing justifies the change in the 
blood volume of the vein thus affecting the DC components 
of the PPG waveform. However, for this project to be 
validated, the results must be compared to those produced 
by existing medical equipment that uses the same 
techniques.

Unfortunately, the technique of photography is not 
available yet in the current medical care infrastructures.  
Therefore, due to the lack of professional product, the 
validation of the PPG waveform captured could only be 
validate with existing studies. In this case, the PPF 
waveform is validated by comparing with a previous result 
from the study titled “An examination system to detect 
deep vein thrombosis of a lower limb using light reflection 
rheography” .  Figure 7 illustrates the waveform of LRR 
signal which was used for data validation.

FIGURE 7.  PPG Waveforms without DVT pressure applied.

CONCLUSION

For Figure 7 plotted waveform was used with a sample 
size of 75 people being tested and states an accuracy of 93 
% in past research (Liu et al. 2021).  For this project, sample 
size was insufficient enough to state for data accuracy.  It 
is observed from the simulated results based on different 
pressure applied, that under heathy condition the PPG 
waveform shows a rising trend in the systolic phase and 
has the highest reflectance of IR value for both systolic 
and diastolic phase. In slight DVT condition, the PPG 
waveform obtained still shows a rising trend on the systolic 
phases however the overall IR reflectance value is lower 
compared to healthy condition. As the DVT condition 
worsens to medium and severe, the PPG waveform 
obtained no longer presents a rising trend under systolic 

phase and the overall IR reflectance value is the lowest. 
When there is more blood accumulation at the vein, there 
will be less  light reflected 
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