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Abstract: Herein, a portable device for wound healing with self-charging capability has been proposed by utilizing
embedded system technology with an electromagnetic energy harvester. With the storing capability, the harvester
can generate electricity from human vibration. By enhancing the coil turns and speed of the magnet, the generation
rate of the harvester can be increased. The vacuum environment can be easily established by a vacuum pump.
According to the negative pressure sensor’s data, the environment can be easily stabilized by applying Pulse Width
Modulation (PWM) signal to the pump driver. By using adhesive drape, the wound surface can be easily fitted with
the fluid container. The device can be used at indoor and outdoor environment uninterruptedly.
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INTRODUCTION

The large growing old population is teased with an
increasing range of acute and chronic, non-healing
wounds, generally ascribable to the surge in type 2
diabetes. Diabetic patients have 12 to 25% risk of foot
ulcers and they have 15-times greater risk for foot
mutilations than non-diabetics. The complex operation,
radiation therapy, immunosuppression, severe infection
resistance to an antibiotic and pressure sores are the
major causes for the wounds (Scherer et al., 2008).
During the last two decades, many wound interventions
have been developed to simplify the healing by
focusing on maintenance of wound moisture, reduction
of bacterial and nonviable tissue burdens and
management of proteases and cytokines and by
stimulating of growth elements (Kloth, 2014). Vacuum-
Assisted Closure (VAC) is a highly new technology to
manipulate severe and chronic wounds. It is known as
many anonyms such as NPWT (Negative pressure
wound therapy), TNP (topical negative pressure) SPD
(sub-atmospheric pressure) VST (vacuum sealing
technique) and so on (Banwell and Téot, 2003). The
inventors of the VAC technology experimented with
pigs and found that the efficient rate of blood flows at
the wound surface of the pigs with a -125mmHg
vacuum environment but the blood flow gradually
decreased within 5-7 min at room pressure at 400
mmHg. After this, with re-establishment of the vacuum
environment at -125 mmHg, the blood flow increased

again (Morykwas et al., 1997; Lambert et al., 2005).
According to the principle, many portable NPWT
devices are being developed with optimum 5 min ON
time and 2 min OFF time for the usage of it at indoor
and outdoor environment such as Nisus touch NPWT
system, Avelle NPWT system (Duteille et al., 2018)
and so on. These devices are battery operated and need
to recharge after a certain period. Although the devices
are beneficial for wound healing, there is no self-
charging capability. Discontinuous of operation due to
the less storage capacity of the devices is responsible
for interrupting the wound healing process.

In this contribution, we present a self-charging
portable NPWT device which has the capability of
charging itself by harvesting electricity from unused
vibration energy.

METHODOLOGY

Figure 1 presents the schematic diagram of the
proposed device. The device consists of a vacuum
pump, a negative pressure sensor, a fluid container, an
energy harvester module and a power control module
with a PIC16F72 microcontroller. The pump was used
to create a vacuum environment where the negative
pressure sensor was used to sense and measure the
environment. The microcontroller is an 8-bit
programmable Integrated Circuit (IC) which has a
maximum of 20Megahertz (MHz) clock frequency
(Makarov et al., 2016) and it was used for data
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processing. On the other hand, the fluid container was
used to collect and store the fluid from the wound
surface. For the uninterrupted power supply, an
electromagnetic energy harvester module was used
which can generate electricity from human vibration.
The power control module was used for charging
control of the battery and regulating the power so that
the device can be operated uninterruptedly.

Figure 2 demonstrates a schematic diagram of the
energy harvesting unit. The unit consists of an
electromagnetic energy harvesting module, rectifier,
power controller and a battery. The harvesting module
was designed with a series of Neodymium strong
permanent magnet and copper wire which size was 0.26
mm in diameter for generating efficient power from
human movement. In this module, the coil and the
spring with magnet were placed on the insulating
basement. The coil section is unmovable where the
magnet can move easily with the help of the spring.
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Because of the potential energy of the spring, the
displacement of the speed can be enlarged. According
to Faraday's law of induction, the harvester can
generate electricity when the magnet swings in front of
the coil. The voltage induced in the coil can be
measured by the following equation (Galili et al.,
2006):

do
Vemg = —N X pre (1)
where,
Vems = The induced voltage
N = The number of turn of the coil
(0] = The magnetic flux

The amplitude of the induced voltage of the coil is
directly proportional to the displacement speed of the
magnet. When vibration occurs in the harvester it
produces electricity. After rectifying the generated
electricity with the help of the rectifying circuit, the
power controller circuit store this in the battery and
distribute the electricity to the whole system. Thus, the
battery of the proposed device can be charged up.

Figure 3 represents the schematic diagram of the
NPWT unit. In this section, the vacuum pump was
connected to the fluid collecting container via a silicon
pipe where a negative pressure sensor was kept between
the pump and the container for measuring the negative
pressure. The pump can have the functionality to create
maximum negative pressure which is -80 kilopascal
(kPa) or -600 mmHg (Tan ef al., 2017). This negative
pressure is larger than the design specification of -125
mmHg with the motive of supplying appropriate
negative pressure. The sensor was designed only for
measuring negative pressure in the range of 0 to -205
mmHg and it has 3-pins such as VCC, GND and AO.
Concerning the negative pressure level, the sensor gives
an analog value from 0 to 975. When the pump turns
ON, the sensor measures the negative pressure and send
the analog value to the microcontroller. According to
the sensor’s feedback, the negative pressure can be
controlled by way of applying Pulse Width Modulation
(PWM) signal through the PIC16F72 microcontroller to
the pump driver. The PWM signal can control the
motor speed by turning a digital output which turns
OFF and ON the pump for a certain duration. Besides
this, the fluid container was designed to withstand the
maximum negative pressure for a long duration. The
Negative Pressure (NP) point of the container was used
to connect the suction unit to the wound surface so that
fluid can easily enter into the container.

Figure 4 indicates the circuit diagram of the
proposed device. In this segment, the power module
was connected to the LM7805 voltage regulator
through a switch and 1 k resistor for providing constant
+5 volts in output where the output terminal of the
regulator was connected to l-number pin of the
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PIC16F72 microcontroller through another 1k resistor
so that the microcontroller can be turned ON. The
negative pressure sensor’s A0 pin was connected to 7-
number pin for calculating negative pressure inside the
container which was created by the vacuum pump. A
TIP122 NPN transistor was connected to 13-number
pin through 1k and 10 K resistor so that the speed of the
pump can be controlled by applying PWM signal. The
PWM signal varies according to the negative pressure
sensor data so that the pressure can be kept in constant.

RESULTS AND DISCUSSION

The harvesting module was tested in a laboratory
environment with multiple vibration frequencies and
found that the induced voltage changes according to the
changes in the vibration frequency. Figure 5 indicates
the graph of frequency versus output power of the
harvester on different frequencies. By using the Eq. (1),
we have measured the induced voltage and found that
the output power of the harvester which was 0.75 mW
at frequency 1 Hz. At frequency 2 Hz, 4.18 mW power
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was obtained. We have also found that the maximum
output power of the harvester was about 67.71 mW at
frequency 9 Hz. The proposed device was also tested in
an outdoor environment and found that nearly 1.5 watts
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Table 1: Implemented results
S S> Improvement
Age Hours Dressing  (cm?) (cm?) (%)
52 216 13 2 0.5 75
62 504 17 3 1.0 67
65 1512 35 7.5 0.5 93
75 1296 30 6 2.3 63
85 1872 38 6 0.3 95

of electricity can be produced after walking 100 m with
gentle movement.

The negative pressure was tested which was
generated by the vacuum pump. The pressure was
controlled by applying the PWM signal to the pump
driver through the PIC16F72 microcontroller. Figure 6
demonstrates the graph of PWM value versus negative
pressure. By varying the PWM value, the sensor’s value
and the negative pressure can be altering from 0 to 1015
and 0 to -205 mmHg respectively. By using an analog
vacuum gauge, we had measured the sensor’s value 110
at 25 PWM when the vacuum gauge showed the
pressure level at -25 mmHg.

The changing of the negative pressure level
according to the PWM value was nonlinear. For the
reason, we had found the sensor’s value 205 at 55
PWM value when the vacuum gauge showed pressure
level at -45 mmHg. For 145 PWM value, we had
measured the sensor’s value and negative pressure
which were 590 and -125 mmHg respectively. Thus the
maximum pressure -205 mmHg and sensor’s maximum
value 1015 were measured for 255 PWM value.

For the design specification of the NPWT system,
the PWM value was set at 145. If any air leakage occurs
in the NPWT system during operation, the
microcontroller increases the PWM value from 145 to
255 until the sensor’s value reach at 590 and thus the
negative pressure can be kept in constant automatically.

Table 1 indicates the implemented results of the
proposed device on different age’s patients. The data
were tabulated for the patients who were 52 to 85 years
old. The patients were selected from the records of a
wound healing center from January 2019 to Jun 2019.
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Fig. 7: Optical image of the wound surface

Total twenty records were found within the duration.
Among them, five records were fulfilled the inclusion
criteria and exclusion criteria. In inclusion criteria, the
patients were selected based on ages which were 65 to
upward and who had wounds caused by diabetic foot
ulcer and vascular ulcer.

On the other side, in exclusion criteria, less than 65
years old patients and wounds by accidental or except
diabetic foot ulcer and vascular ulcer were selected. In
the table, before starting the wound healing process the
patient who was 52 years old and had S1 sized wound
which was 2 cm?. After running the healing process, the
wound became S2 sized which was at 0.5 cm? in 216 h
of operation. For the patient who was 62 years old, after
the healing process, we have found 67% of
improvement in 504 h of operation. Thus we have
found different percentages of improvement after
implementing the proposed device to the patients. The
healing process took long duration according to the
patient’s age and wound surface location.

Figure 7(1) indicates the optical image of the
wound surface condition before the healing process and
Fig. 7(2) indicates the condition after the healing
process in the long duration. The wound surface which
is shown in the figure was captured from a patient who
was 85 years old and who fulfilled the inclusion
criteria. The patient had 6 cm? sized wound before
starting the healing process. The improvement of the
wound surface has found 95% after 1872 h of
operation.
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Table 2: Comparison of NPWT devices

Manufacturer Product Specifications
KCL VAC® Not self-charging
Freedom Pressure range: -50 to -200
mmHg
Prospera PRO-II Not self-charging
Pressure range: 0 to -200 mmHg
Proposed Self-charging
device Pressure range: 0 to -205 mmHg

Table 2 indicates the comparison of different
NPWT devices which are available in the market. The
existing devices can create maximum pressure from 0
to -200 mmHg whereas the negative pressure range of
PRO-II is about -50 to -200 mmHg (Tan et al., 2017).
Although they have enough range of negative pressure
level, all the devices have no self-charging capability.

CONCLUSION

We have presented a portable device for wound
healing which can able to recharge the battery itself by
harvesting electricity from human vibration. Maximum
1.5 watts of electricity can be produced by the device
while moving 100 m distance with gentle
movement. The pressure sensor can measure a
maximum -205 mmHg pressure. The proposed device is
unique compared to the existing devices because of
having the self-charging capability. Future work will be
enhancing power production and reducing power loss.
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