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Abstract: This paper introduces a portable electric stimulator which can connect with 

the intelligent terminal equipment via wireless communication. In order to avoid the 

susceptibility to stimulation in the process of electrotherapy and to obtain the "natural" 

electrical stimulation that makes people feel comfortable, this paper presents a design 

scheme of electrical stimulation parameters based on the theory of "1/f fluctuation", 

which are designed from the frequency of electric pulse, wave width, amplitude and 

waveform, etc. The electrical stimulator designed in this paper solves the problem of 

equipment portability and confusion of electrical stimulation parameters to a great 

extent, and maximizes the possibility of curative effect. 
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1. Introduction 

Human tissue is an electrolyte conductor composed of a large amount of water, 

inorganic salts and charged biocolloids. It has been found that when a small amount of 

appropriate electric current is applied to the human body, it will lead to the directional 

movement of ions in the tissues, the elimination of polarization of cell membranes, the 

significant change of ion concentration distribution, affecting the function of human 

tissue, thus achieving the purpose of treating some diseases[1]. It has been proved by 

clinical practice that electric stimulation can promote blood circulation, make muscles 

relax rhythmically, and have analgesic effect on human body[2]. Therefore, electrical 

stimulation therapy is a kind of green environmental protection treatment with great 

value. 

By analyzing the clinical and mechanism of electrical stimulation therapy in China in 

recent years, it is found that: (1) the design of electrical stimulation parameters is 

unreasonable; different groups of people have different "tolerance" to stimulation, and 
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most products are not considered at present. (2) Portability is weak; most of the 

therapeutic devices are large and easy to be limited in use. (3) The security of the 

system is not high; the overall user experience is not strong, easy to produce 

adaptability and so on. Therefore, in view of the unreasonable design of 

electro-acupuncture at present, based on the theory of "1/f fluctuation", this paper sets 

reasonable stimulation parameters, designs low-cost, intelligent driving circuit on 

hardware circuit, and can communicate with mobile phones. Ultimately, it makes the 

therapeutic instrument more controllable, portable and experiential, and maximizes 

the efficacy of electrical stimulation. 

 

2. "1/f fluctuation" theory  

There is a general statistical characteristic of signals in nature - 1/f characteristic, that 

is, the power spectral energy density of signals decreases in power law with the 

increase of frequency[3-4]. Its relationship can be described as 
αffP /~)( 1  ( 1α )。 

"1/f fluctuation" is a stochastic process. If expressed by )(tx ，the Fourier transform of 

the signal is as follows： 
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According to different mathematical models, the final "1/f fluctuation" of PSD and 

frequency satisfies the following general form： 

  α
fkfS /

 
(3) 

In the formula k  depends on the specific system model. When 1k  and 1α , x = y 

can be obtained. 

More and more experiments have found that in nature, such as the velocity of sea 

water, the beating of heart, the sound of nature and so on, the power law a index of 

power spectral density is near 1. At the same time, research shows that activities with 

the "1/f fluctuation" rule can give people a sense of harmony and comfort, because the 

amplitude fluctuation of brain nerve activity also shows the characteristics of "1/f 

fluctuation" of power spectrum. Therefore, the method of "1/f fluctuation" is adopted 

to control the parameters of electrical stimulation, so as to improve the effectiveness of 

electrical stimulation therapy. 
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3. Design of Electrical Stimulation Parameters 

The basic unit of electrical stimulation is electrical pulse. The number of pulses per unit 

time is called wave frequency (pps). Each pulse has its pulse amplitude and width 

(pulse width). At the same time, the choice of waveform will also affect the therapeutic 

effect. 
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Fig.1 Current intensity - pulse width 

○1Frequency(pps)：There is a certain relationship between wave frequency and the 

quality of muscle contraction and the speed of muscle fatigue. Theoretically, the higher 

the wave frequency, the lower the impedance and the greater the muscle contraction 

strength. However, the faster the nerve conducting substance is used up at the 

nerve-muscle junction, the more likely the user is to be fatigued. So when designing 

stimulus intensity, we can not only consider the frequency of pulse, but also consider 

other factors to achieve a certain balance. 

○2Wave pattern：Choosing different waveforms will produce different therapeutic 

effects. When bipolar stimulation occurs, the negative electrode can cause greater 

muscle contraction when the active electrode is used. Because the negative electrode 

has a high concentration of negative ions, depolarization can cause action potential or 

nerve impulse. Unipolar stimulation is often applied to small muscles. In this paper, the 

basic waveforms are rectangular wave, spike wave and two kinds of mixed wave. 

According to these basic waveforms, dense, sparse and discontinuous waves can be 

formed. According to clinical experiments, dense wave can effectively reduce the 

response function of nerve, so it has analgesic effect; dense wave can make muscles 

contraction and relaxation rhythmically, strengthen the blood circulation of local 

tissues; discontinuous wave has better effect on some muscular atrophy diseases 

caused by peripheral neuropathy[5]. 

○3Pulse intensity：Pulse intensity, i.e. stimulus intensity, is mainly determined by wave 

frequency, pulse width and voltage amplitude. It is difficult to balance each factor, so 

current is used to measure stimulus intensity. 
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If the voltage at both ends of the electrode sheet is )(tu , the tissue impedance 

between the electrode sheets is )(iZ  (the body impedance varies with the current 

passing), and the pulse width is ii tt 212  , the total current in a cycle is: 

 

)(

)(

iZ

dttu

I

n

i

t

t

i

i
 










1

2

12   (4) 

 

Where n  equals the wave frequency. According to Fig. 1, the pulse width needed to 

stimulate different parts of the muscle needs to be within a certain range. At the same 

time, from Formula (4), it can be seen that if the )(tu  value is greater, the pps will be 

smaller, and vice versa. At the same time, the value of )(tu  in this paper is controlled by 

hardware circuit, which is more difficult to control than PPS value. Therefore, this paper 

mainly designs electrical stimulation parameters from pulse width, wave frequency and 

wave type. 

From the curve in Fig. 1, it can be seen that the longer the pulse width is, the smaller 

the required intensity is; the pulse width has a minimum value, such as muscle without 

innervation, the shortest pulse width is 1ms, which is less than this, no matter how 

strong the muscle is, it can not contract. Fully innervated muscles also have the 

shortest pulse width, so electro-acupuncture requires that the pulse width can be 

modulated. Direct excitation of muscle is two orders of magnitude wider than that 

required by intact nerve excitation of muscle. The pulse width of 0.02 ms to 1 ms is the 

stimulus intensity required by pulse width to determine excitation of nerve and induce 

muscle contraction. At the same time, the graph shows that the current should be 

controlled within the safe range of the human body. For the muscle with complete 

innervation, the limit value is 80 mA, and for the muscle without innervation, the limit 

value is 50 mA. Table 1 presents several common treatment parameters designed 

according to the "1/f fluctuation" theory. 

Table.1 Treatment parameters for several common waveforms 

Number Wave Form Amplitude /V Frequency /Hz Pulse width /ms 

1 Single-phase spike wave 100 200 0.2～0.8 

2 Single-phase rectangular wave 100 50 1～5 

3 Sawtooth wave 60 60 10～30 

4 Two-way asymmetry Spike wave 100 80～120 / 

5 Two-way asymmetry Rectangular wave 80 100～150 / 

 

4. Analysis of experimental results 

After testing, the pulse width data (partial mode) time-domain diagram and power 



Volume 6 Issue 2 2019 

   153 

spectral density diagram which conform to "1/f fluctuation" are generated as shown in 

Fig.2. In this mode, the pulse width is 0.5 ms to 0.8 ms, which is enough to excite 

completely innervated muscles. Its power spectral density power law α exponents are 

all around 1. 

 

Fig.2 “1/f fluctuation” pulse width data 

When the output pulse is applied to the human body through the electrode plate, 

different waveforms under different modes are measured as follows. 

 

Fig.3 Basic waveform 

Fig.3 shows the basic waveforms of six modes, mainly single-phase spike wave, 
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single-phase rectangular wave, sawtooth wave, bidirectional asymmetric spike wave 

and rectangular wave. According to different frequency regulation, dense wave, sparse 

wave and discontinuous wave can be generated. Different waveforms are adopted for 

different diseases, and different massage techniques are experienced during the 

treatment. 

In order to evaluate the therapeutic effect of this therapeutic instrument, white noise 

data were used to form a control group. When the muscle of the action site was tested 

by EMG signal detector, when the waveform produced by the control group was 

changed, it was found that the change rate of action potential of the cells was constant. 

The longer the treatment time was, the more fatigue the human body would feel. 

When the waveform of "1/f fluctuation" group was acted on human body, it was found 

that the change rate of action potential of cells was "1/f fluctuation", and the time of 

fatigue during treatment was significantly reduced. At the same time, through the 

analysis of the participants, compared with the control group, the curative effect was 

significantly improved. 

Based on the analysis of electrical stimulation therapy in recent years, aiming at the 

problems of portability and unreasonable design of electrical parameters, a simple and 

convenient electrical stimulation instrument is designed by using the "1/f fluctuation" 

theory, which can communicate with mobile terminal equipment. At the same time, the 

combination of different waveforms and the sparse density of control waveforms can 

simulate different massage techniques of traditional Chinese medicine, making the 

treatment effect better and the user experience stronger. 
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