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Abstract.

BACKGROUND: The laser is able to irradiate the exact amount of stimulation to an area by a non contact method, and has
the advantage of being able to stimulate the local target area.

OBJECTIVE: This study examined an efficient method of laser tactile stimulation using laser parameter combinations.
METHODS: The laser parameters that could cause an increase in the cognitive response rate of human subjects were examined
without increasing the amount of total laser energy.

RESULTS: As a result, the appropriate matching parameters such as duty ratio, pulse frequency, and exposure time of laser
pulses showed a dominant influence in effectively increasing the tactile response rate of subjects with limited amount of total
laser energy.

CONCLUSIONS: This study can be applied to neurophysiology, cognitive research, and clinical laser application.

Keywords: Laser tactile stimulation, laser parameter, diode pulse laser, tactile response rate

1. Introduction

Development of laser-related equipment is actively underway for diagnosis, treatment, and clinical
research. In particular, laser-related research has been actively carried out to relieve or treat diseases
using skin and nerve stimulation principles [1-3]. Recently, research on tactile stimulation using lasers
has been attempted [4]. Laser tactile stimulation can be applied to cognitive science, which studies
active brain areas using EEG, and neurophysiology, which studies the results of nociceptor stimula-
tion [5,6]. The laser can be easily applied anywhere on the target area of the skin, and the stimulation
device does not directly touch it, so the risk of infection is low and there is an advantage that an accurate
amount of stimulation can be exposed. Therefore, the need of clinical laser research in the application on
tactile stimulation and cognitive research is increasing compared to chemical stimulation, mechanical
stimulation and electrical stimulation [7-11]. Currently, tactile stimulation presentation methods have
limitations in precisely controlling parameters such as the intensity of the stimulus, the presenting area
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Fig. 1. Schematic of laser stimulation procedure.

and the duration time. For example, electrical stimulation is the most common stimulus to induce pain in
animals and humans. However, there is a disadvantage that the size of the system is large, complex, and
the intensity and the direction of the stimulus cannot be precisely adjusted. It can also be accompanied
by an uncomfortable feeling when presented with the stimulus and when it passes through the skin to
stimulate receptors and nerves, excessive stimulation can cause pain. There is an additional disadvan-
tage that an electrode must be attached to the target tissue. Among the mechanical stimulation methods,
vibration stimulation has a limitation in showing a small area of touch, and it is difficult to miniatur-
ize the attachment device [12]. Although research on tactile stimulation using lasers capable of precise
stimulation is being carried out, only a few studies have examined which parameter is better applied to
tactile stimulation by combining various laser parameters in the field of cognitive research. Previously,
some studies have been conducted on cognitive response with increasing stimulus intensity [13]. How-
ever, there are not many studies regarding efficient cognitive response based on various laser parameter
combinations. This study investigated a method of increased stimulation with a small dosage by varying
the combination of various laser parameters (pulse energy, frequency, duty ratio, and exposure time) In
addition the method of increasing the intensity of the stimulus by increasing the dose of laser was also
examined. In this research, a laser tactile stimulus study was carried out using a diode laser. The advan-
tages are that parameters are easily changed while maintaining a stable laser output. The results of this
study can be applied to clinical, neurophysiological, and cognitive research. In addition, it can be used
valuably in stimulation for cell channel activation, low power laser therapy, optical transfection, etc.

2. Materials and methods
2.1. Laser stimulation procedure

Figure 1 is a schematic diagram of an experimental setup for laser tactile stimulation. The computer
and the function generator were used to precisely control the laser parameters. The laser used in the
experiment is a fiber coupled diode laser system (PearTMTKS-B, nLight Photonics Corp., Santa Clara,
CA, USA) with optical fibers connected. The wavelength of this laser is 809 nm and the pulse width
range is variable to 10 us — CW. The experiment was carried out by adjusting the beam diameter to
0.46 mm using a collimating lens and an optical lens at the tip of the optical fiber where the laser beam
is outputted. There were total of 17 subjects (11 Males + 6 Females, Age; 19-25 £ 1.4) and experiments
were conducted in a way that the stimulus was presented to the subjects for a certain period of time and
the subjects responses were checked. This experiment was approved by the Institutional Review Board
at Konkuk University (7001355-201408-HR-032).
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Table 1
Laser parameters used in experiment 1
Total energy = 460.05 mJ Frequency
0.5Hz SHz 50Hz 250Hz 500 Hz
Duty ratio 25%  Exposure time [s] 20 20 20 20 19.8
Energy per pulse [mJ]  46.05 4.605 04605 0.0921  0.0465
Duty ratio 50%  Exposure time [s] 10 10 10 10 10
Energy per pulse [mJ] 92.1 9.21 0.921 0.1842  0.0921
Duty ratio 75%  Exposure time [s] 6.67 6.67 6.67 6.67 6.67

Energy per pulse [mJ]  138.15 13.815 1.3815 0.2763  0.13815
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Fig. 2. Stimulus presentation method with fixed total energy.

Two experiments were conducted for the study of laser parameter combinations for tactile stimulation.
First, the most effective laser parameters for increasing the response rate of tactile stimulation were
studied by changing the energy, exposure time, and frequency after fixing the total energy. The second
method was to study effective laser frequency and exposure time according to various combinations of
laser parameters by fixing the energy per laser pulse without fixing the total energy.

2.2. Experiment 1: Laser stimulation with fixed total energy

Figure 2 shows the laser pulse stimulation method when the duty ratio is 25%. The total energy was
fixed at 460.05 mJ, and then the pulse energy, frequency, and exposure time per pulse were changed.
The gate timer mode of the diode laser was used for accurate stimulation presentation. In this mode, the
exposure time could be precisely controlled by setting the laser pulse pause and pulse duration via the
trigger signal connected with the laser. At this time, the peak power of the laser was fixed at 30.7 W and
the energy per pulse was adjusted by changing the pulse width of the laser

Table 1 shows the experimental parameters used in Experiment 1. After fixing the total at 460.05 mJ,
experimental parameters such as duty ratio, exposure time, energy per pulse and frequency were selected
and combined for various laser parameter combinations. The duty ratios were set to 3 stages, 25%, 50%
and 75%, and the frequency was set to 0.5 Hz, 5 Hz, 50 Hz, 250 Hz, and 500 Hz. At this time, the
exposure time changes according to the laser pulse width variation and the duty ratio. The exposure
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Table 2
The laser parameters and total energy used for experiment 2
Exposure time Frequency
250 Hz 400 Hz 550 Hz 700 Hz 850 Hz 1 kHz
5s 1.151 mJ 1.842 mJ 2532mJ]  3.2235mJ] 39142mJ] 4.605m]
250 Hz 350 Hz 450 Hz 550 Hz 650 Hz 750 Hz
10's 23025m]  3.2235mJ] 4.1445mJ 5.0655m] 5.9865m] 6.9075 m]
Table 3
Response rate of subjects with fixed total energy
Duty ratio 0.5Hz 5SHz 50 Hz 250 Hz 500 Hz
25% 53% 29% 35% 6% 29%
50% 59% 41% 41% 47% 35%
75% 76% 59% 76% 76% 76%
0.8 ms
250 Hz 32 ms H‘HH
0.8 ms
400 Hz ‘ 1.7 ms H—H‘ ’_H
.
L
0.8 ms ¢
e )| i
0.2 ms

Fig. 3. Stimulus presentation method with fixed pulse width.

time, frequency and the energy per pulse parameters were set based on previous experiments at a point
where subjects have almost no pain but still feel contact.

2.3. Experiment 2: Laser stimulation with fixed pulse width and energy per pulse

Figure 3 shows the laser stimulation method when energy per pulse is fixed. Experiments were con-
ducted by changing the laser frequency and exposure time after setting the pulse width of laser energy
to 0.8 ms. At this time, the total energy according to the stimulus was not fixed. Again, the gate timer
mode of the diode laser was used for accurate stimulus presentation and the subjects were asked about
the perceived feeling after the end of the stimulation to organize the data.

Table 2 shows the experimental parameters used in Experiment 2. After fixing the laser energy per
pulse at 0.7368 mlJ, the laser energy exposure time and frequency were combined to obtain cognitive
response results. Although the energy per pulse was fixed, it showed that the total energy is changed
by the change of frequency and exposure time. For various laser parameter combinations, the frequency
was set to 250 Hz—1 kHz and the exposure time was set to 5 s or 10 s. As in Experiment 1, the exposure
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Fig. 4. Cognitive response rate according to laser parameter change with fixed total energy.

time, frequency, and energy per pulse were again set to be the most effective experimental range for the
cognitive response through previous experiments.

3. Results and discussion
3.1. Effect of duty ratio on human response

Table 3 shows the cognitive response rate according to the laser parameter change when the total
energy is 460.05 mJ. The response rate in the table is the ratio of the subjects feeling sensation, and
the parameters with response rates of 50% or more is shaded. In the fixed total energy condition, the
cognitive response rate was the highest when the frequency was low under the same duty ratio condition.
For example, when the duty ratio was 25%, the response rate was 53% at 0.5 Hz and 29% at 500 Hz.
This suggests when the duty ratio is fixed, if the frequency is low, the energy per pulse is high. When the
duty ratio is 25%, the energy per pulse is 46.05 mJ at a frequency of 0.5 Hz and 0.0465 mJ at 500 Hz.
That is, when the same total energy of 460.05 mJ is irradiated to the human body, the energy per pulse is
about 1000 times different according to the duty ratio. This suggests that the cognitive response rate has
increased because of it. As a result, even if the same amount of total energy is irradiated, it is possible
to obtain a more effective cognitive response rate of the subjects by increasing energy per pulse and
decreasing frequency.

Figure 4 shows the trend of cognitive response rate according to changes of frequency and duty ratio.
With a frequency of 0.5 Hz, the response rate was 53% when the duty ratio was 25%, 59% when the
duty ratio was 50%, and 76% when the duty ratio was 75%. This trend was similar in all frequency
ranges and the details are illustrated in Figure 4. In addition, under the condition that the total energy
was constant, the result of the cognitive response rate according to the frequency change did not show a
certain tendency. In other words, it is considered that an effective way to increase the response rate is to
increase duty ratio rather than the frequency.

3.2. Influence of frequency change and exposure time change

Figure 5 is a graph showing the response rate of the subject perceiving the tactile sensation being
exposed to laser stimulation by changing the frequency and exposure time with a fixed pulse width.
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Fig. 5. Cognitive response rate with laser parameter changes. (a) Change in response rate with increasing frequency, (b) Change
in response rate with increasing total energy.

Figure 5a shows the response rate with increasing frequency. The response rate was 25% at 550 Hz
with an exposure time of 5 s and 95% at 1 kHz. This figure shows that as the frequency increased, the
response rate increased. Even when the exposure time was 10 s, the response rate tended to increase
as the frequency increased. This is because, unlike the prior condition with fixed total energy, it is
considered that the cognitive response rate is more affected by the frequency when the total energy is
not fixed.

Figure 5b is a graph showing the response rate of the subjects with total energy increase. Comparing
the total energy of the laser exposure time of 5 s and 10 s at the response rate of 50%, the total energy
is about 3.914 mJ when the exposure time is 5 s and 5.507 mJ when it is 10 s. It can be seen that the
efficiency is better at 5 s where less energy is used showing the same response rate. This indicates that
an increase in cognitive response rate can be achieved with small total energy. That is, using a proper
combination of exposure time and frequency can induce a higher cognitive response rate with a small
amount of total energy.

4. Conclusion

This goal of this study was to find the most efficient condition to obtain a tactile response by changing
various parameters of a laser. As a result of the experiment it was found that : 1) The higher the duty
ratio, the higher the duty response rate than the frequency and exposure time under the same total energy
condition, 2) The higher the frequency, the higher the tactile response rate under the same energy per
pulse condition. As a main result of the research, it was confirmed that not only the increased exposure
amount of the laser but also the proper combination of the frequency and the duty ratio was more ef-
fective in increasing the response rate of the subject. The tactile response rate could be increased with a
small amount of energy and it was found that biomedical laser stimulation could be achieved effectively
though appropriate combination of various laser parameters (duty ratio, frequency, and exposure time).
In order to obtain a higher response rate result, a more diverse set of laser parameter combinations is
needed in the future and this paper is expected to be applicable to neurophysiology, cognitive research,

and clinical research.
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