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Abstract: Fibromyalgia syndrome (FMS) is a chronic disorder that causes pain and dryness in the muscles, tendons and 

joints and is also associated with sleep disorders, chronic fatigue, morning fatigue, anxiety, depression and gastrointestinal 

disorders. One of the most prominent symptoms of fibromyalgia is urinary tract infection (UTI). Patients with fibromyalgia 

complain of self-urination, a common symptom in fibromyalgia, especially in women. Urinary incontinence has both physical 

and psychological consequences, including skin damage, urinary tract infections and an increased risk of falls. Various 

methods and treats likes self-urination include medications, medical instruments, interventional treatments, surgery, 

absorbent  layers and catheters, implants  have been developed and designed for fibromyalgia syndrome  and urinary diseases 

which each method had unique and specific features but each technique had significant disadvantages that can be problematic 

for the patient. In this article, we decided to propose a new method based on anatomical and physiological  investigations 

related to the bladder after this study in patients with fibromyalgia and treatment  modalities so far. In this investigation, a 

method will be present that it is a very smart non-invasive method which allows the patient to be aware of his or her urine 

volume level before reaching the bladder. The purpose method of this study is to design an intelligent device for the treatment 

and resolution of self-urinary dysfunction, especially in patients with fibromyalgia. 

Keywords: Fibromyalgia Syndrome (FMS) , Urinary Bladder , Pain Threshold, Liquid Surface Sensor,  

Alarm Detection System 

 

1. Introduction 

Fibromyalgia syndrome is characterized by a set of 

symptoms, not just a functional disorder, and is diagnosed 

according to the American College of Rheumatology criteria. 

Most people with fibromyalgia are women. These patients 

usually do not have enough fitness and have a lot of 

problems with their daily activities. One of the symptoms of 

fibromyalgia is frequent urination, which leads to urinary 

incontinence. Some effective treatments for urinary problems 

include pharmacological, non-pharmacological and 

alternative therapies, including the use of protective pads, 

catheters, Botox, catheterization, and more [1, 2]. Many 

women suffer from an inability to control their urine. Women 

are twice as likely as men  to have urinary incontinence due to 

pregnancy and childbirth, which is more common with 

age.  In this type of disease, the person who loses urine in the 

bladder immediately loses control and  ability to hold urine 

and has no control over their urinary tract. 

Our goal in this article is to design a non-invasive system 

to prevent self-urinary disorders in patients, especially 

patients with fibromyalgia. In the previous article we have 

presented the simulation part of this project. The COMOSL 

software was used to simulate bladder, urinary bladder, ureter 

and the sensing areas of four sensors. In the simulation part, 

the effects of electric currents and magnetic fields are studied. 

We also examined  the effect of magnetic fields and electric 

currents, including: magnetic flux density, 

electrical  conductivity, impedance, relative permeability and 

relative permittivity in the duty area of the sensors [3]. 

Since aging is an important and key parameter in the onset 

and increase of the disease, it can cause many problems for 
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people. These diseases even have a negative impact on social 

relationships, so trying to treat them is of particular 

importance. Urinary bladder and urinary tract are also 

important parts that will have problems with age. One of 

these problems is self-urinary disease [4]. Our goal is to 

review the methods to date and develop a new intelligent 

method to treat the psychological consequences of the 

disease. As we know the sensors are playing very important 

roles in the word particularly in the medicine [5-10] and 

various unreachable projects well done due to the intelligent 

sensors [11-20]. 

In this project, a non-invasive device for the treatment and 

self-urination of a non-invasive device has been   used to 

measure the level of non-contact digital fluid and its 

associated range and the designed   module determines the 

level of urine in the bladder. The fluid level sensor uses a 

high-power  chip   (XKC-Y25-T12V) to detect the liquid 

surface without direct contact with the bladder. The 

noninvasive  diagnostic  model is embedded in a belt and the 

urine level in the body's urinary system 

is  continuously  evaluated and when the urine level in the 

bladder reaches near the pain threshold, the patient's hand 

system is monitored. Patient is aware of him or herself and is 

aware of this condition before the bladder gets  out of  control 

and becomes self-urinating. In addition, we aim to measure 

the increased bladder volume and the sensors must send an 

alert before the patient's first pain threshold in order to 

inform the patient the amount of urine in the bladder before 

the bladder gets out of control. 

2. Material & Methods 

Different methods have been designed and suggested so 

far to treat self-urinary tract problems in individuals. 

Therefore, a method for controlling this complication in 

fibromyalgia is presented below, an important feature of the 

proposed method is that it is non-invasive and is the least 

effective method for the elimination of self-urinary disorder. 

It will have a devastating effect. In this method, a non-

contact digital fluid level sensor is used to measure the level 

of urine in the bladder according to the designed module. It is 

a fluid level sensor that utilizes a high-speed chip (XKC-

Y25-T12V) with high-speed operating capacity to detect 

advanced signal processing technology to detect Achieve 

liquid level without direct contact with the bladder. The 

sensor is sensitive to all liquids with different conductive 

properties and therefore the sensor can be suitable for all 

types of liquids in different containers. Then, the interface 

board connects to the interface board which uses the Arduino 

Uno interface board to design this interface board. The final 

diagnostic model is mounted on a belt and the urine level in 

the urinary tract is continuously evaluated and when the urine 

level in the bladder reaches near the pain threshold or pain 

threshold, the alert system is activated on the patient's hand. 

The alarm system will receive the information which is 

reached from detector by Bluetooth module. With this 

intelligent system, the patient is informed of the status of the 

urine level in the bladder by receiving a message and alerting 

himself to the problem before he or she has a problem. The 

schematic of the detection and warning system is illustrated 

in Figure 1. 

 

Figure 1. The detector intelligent system to determine the urine level in 

bladder [1].  

The equipment which employed in this project are: 

Liquid level sensor chip , sensor adapter board, Arduino 

Uno    board, HC-05    Bluetooth module, Arduino Nano board, 

the vibrating alarm system  and the software used is Arduino 

IDE V1.6.5.  

The Figure 2 illustrates how to connect different parts of 

the sensor including the sensor (XKC-Y25-T12V), power 

supply adapter board, Arduino Uno board, and Bluetooth 

module as transmitter to determine the level of fluid. 

 

Figure 2. The schematic of the liquid detector, Arduino Uno Adapter Board 

and the Bluetooth module. 
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2.1. The Specification of Liquid Sensor 

The liquid level smart sensor is one of the most important 

parts of this project,  the XKC-Y25- T12V sensor was  selected 

according to various investigations, the properties of this 

sensor are described in  Table 1.   

Table 1. The specifications of liquid sensor XKC-Y25-T12V. 

IN-VCC – The operation voltage 24V~5 DC 

Consumption Current mA 5 

Output voltage (high level) In VCC 

Output voltage ((low level 

Output Current mA 50~1 

Response time 500 mS 

Operating temperature °C 105~0 

Diagnostic thickness range (sensitivity) mm 13~0 

Humidity %100%~ 5  

Material 
Acrylonitrile Butadiene Styrene 

(ABS) 

Waterproof Performance Type IP67 

Dimensions mm 28×28- inches 1.1×1.1 

The real image of sensor type XKC-Y25-T12V is 

illustrated in Figure 3, which is connected to a 50 cm cable to 

connect to the power supply interface board (Figure 5) with 

four wires. The schematic of the sensor and its Adapter 

Board is presented in Figure 6. 

 

Figure 3. The view of the XKC-Y25-T12V sensor [21]. 

2.2. The Adapter Board of Sensor 

The electrical circuit embedded on the board is shown in 

Figure 4. 

 

Figure 4. The electrical circuit of the sensor’s adapter board. 

The working principle of the sensor is that it uses a water 

measuring capacitor to detect the presence or absence of 

liquid near the sensor until the time to create distributed 

capacitance. For this purpose, there are several constant 

capacitances relative to the sensor ground. As the liquid 

surface approaches the sensor gradually, the capacitance is 

created and coupled to the constant capacitance. The value of 

the final capacitance is increased and then the modified 

capacitive signal is input to the control IC in reason to the 

convert the signal. The IC changes the new capacitance 

relative to the electrical signal changes and then senses and 

detects the value of these changes using a specific algorithm. 

When the amount of variation exceeds the specified threshold, 

it means that the liquid level has reached the target point. 

 

Figure 5. The Sensor’s Adapter Board [22]. 
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Figure 6. The Sensor Connector (XKC-Y25-T12V) with the Sensor’s Adapter 

Board [23]. 

2.3. Arduino Uno Board 

The Arduino Uno is an ATmega328P-based microcontroller 

board. It has 14 input/output pins, 6 analog inputs, a 16 MHz 

quartz crystal, USB connection, ICSP header and reset button 

that all require microcontroller support. The board simply 

connects to the computer via a USB cable or can be plugged in 

with an AC adapter or battery to get started. The digital fluid 

level sensor connects to the Arduino interface board (Figures 

2-3) with its own adapter and then connects to the computer 

via the Arduino. The liquid level sensor detects the results on 

Arduino software in real-time (serial, at any time). The 

program is embedded so that the zero number (LOW) indicates 

that the liquid level does not reach the level at which the sensor 

is located, and the number 1 (HIGH) reports leveling the liquid 

and sensor. So when the sensor detects the liquid level, HIGH 

will be the output and the LED will be turned on. When no 

fluid is detected, the LOW will be output and the LED will be 

off (the LED is located on the sensor (see Figure 7)). 

 

Figure 7. The details schematic of the Arduino Uno board. 

The Arduino is able to sense the surroundings by receiving 

input from a variety of sensors. The board-mounted 

microcontroller is programmed using the Arduino 

programming language (wiring based) and the Arduino 

development configuration (processing based). Arduino 

projects can be independent or communicate with software 

running on a computer. The following commands as 

presented in  Figures 8, 9 and 10 are utilized in Arduino 

software for this project: 
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Figure 8. The program of the liquid sensor in Arduino software. 

2.4. The Bluetooth Type HC-05 

The HC series modules are used to communicate via Bluetooth, which are built in different numbers as follows: HC-03, HC-

04, HC-05 and HC-06. Figure 11 shows the real image and PCB board of the Bluetooth Type HC-05 . 

 

Figure 9. The Bluetooth program in transmitter mode in Arduino software. 
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Even numbers can only work in one Master or Slave role, 

but odd numbers can be both Master and Slave. In the role of 

Master, it finds another Bluetooth tool module (such as a 

mobile phone) and starts the communication. But in the Slave 

role the module has to wait for the connection to start from 

the other tool. The most popular module in this family is the 

HC-05, which can work both as a Master and as a Slave. 

 

Figure 10. The Bluetooth program in receiver mode in Arduino software. 

2.5. Arduino Nano Interface Board 

The Arduino Nano is a compact Uno-like screen (see 

Figure 12). The difference is that the jack does not have DC 

power and works with a USB Mini-B cable instead of a 

standard USB cable. It's a small, complete board based on the 

ATmega328P. If Bluetooth sender is enabled, the 13-pin is 

connected and the Bluetooth receiver is activated and 

receives the message. Otherwise, the liquid level will not 

reach the sensor, the 13-pin will be disconnected and the 

receiving Bluetooth will also be disabled. 

 

Figure 11. The view of the Bluetooth type HC-05 [24]. 

 

Figure 12. The Schematicof the Arduino Nano board [24]. 

2.6. Vibration Motor 

The patient detector is a small vibration motor disk for 

tactile and silent projects. These electric motors are small 

disks that are fully sealed to make them easy to use and 

embed. All moving parts are protected inside a protection 

box. By an operating range between 2-5 V, this device works 

perfectly. When the sensing element connected to a PCB or 

mounted on a board, the device shakes slowly but this shake 

is noticeable. The two wires are used to control the vibration 

power and can easily provide power from a battery or a 

microcontroller pin. 
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The higher the voltage caused the higher the current and 

also the higher the vibration. The current flow can be reduced 

by adding resistance (100 to 1000 ohms) to the series current. 

Figure 13 shows the various parts of the alarm system and 

its connections. The alarm system uses the Arduino nano 

board, the HC-05 Bluetooth module as the receiver and 

vibration motor, as well as a 100-ohm resistor and a BC547 

transistor. 

 

Figure 13. The circuit of the Alarm detection system. 

3. Results 

In this study, we investigated the sensor’s sensitivities to 

better understand and analysis the performance of this 

intelligent system. For this purpose, the sensor was tested in 

different situations to investigate the effects of fluid types, 

kind of interface materials and their thickness on the 

detector’s response time. 

In the first experiment, the response of the detector to the 

interface between the liquid and the sensor was considered. 

The three interface materials such as glass, ceramic and 

plastic in the same thickness were selected and exanimated 

and water was poured at all three interfaces. By using a 

chronometer, the response time of the detector to each of 

these three materials was recorded. 

 

Figure 14. The effect of different martials used to determine the sensor’s 

response time. 

The results of this study show that the sensor responded to 

Plastic Material in the short time, while the glass took more 

time due to its strong crystalline structure. But this difference 

in order to the time is about a few hundredths of a second, 

and because of the person's measurement error during 

recording the time. The material of the measuring surface is 

not playing an important role and this selected sensor is able 

to sense all materials with same sensitivity or in other word 

the kind of interface material between the liquid and sensor 

and the type of liquid is not effect in the sensitivity of the 

sensor. The obtained result from this part is demonstrated in 

Figure 14. 

In the second experiment, the effect of thickness on the 

response time of the sensor was investigated, since the 

thickness of the bladder wall was 3.25±1.01 mm in the empty 

state and 2.01±0.6 mm in the full state [25] use a device by the 

same material with different thicknesses to test the effect of 

thickness and use the same amount of water as the previous 

test conditions and record the response time using the 

stopwatch. According to the different recorded numbers and 

the minor difference between the response time as function of 

the various thicknesses as well as the measurement error when 

recording the time, the measurement of the thickness surface at 

the sensor’s response time was not significant. In the 

consequences, the sensitivity of the sensor is no changes 

according to the different thicknesses and the obtained results 

are presented in Figure 15. 

 

Figure 15. The influence of thickness on the sensor’s response time. 

 

Figure 16. The sensor’s response time as a function of several fluids. 

In the last experiment, we compared and analyzed the 

different liquids including vinegar, salt water, sugar water, 

and water. For all liquids, a same surface separator (a same 

interface material) was used and the liquids were poured into 

a container with the equal levels. As demonstrated in the 
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Figure 16, that in the above liquids due to their constituent 

contents, the sensor needs more time (about a few hundred 

seconds) to detect them surface compared to the water. 

4. Conclusion 

As a result, it can be pointed out that the treatment of a 

disease should be considered to the its safety, such as low 

risk of treatment and medical costs. The methods that are 

being considered to treat this type of disease each have 

difficulties that may not be possible for some patients. 

Therefore, a safe, low-cost, and applicable method is 

desperately needed for all members of society. 

The proposed method is a completely non-invasive method 

for fibromyalgia syndrome (FMS)  patients with any 

devastating effect. The fluid level sensor with the specific 

designed circuit permits to detect the liquid surface without 

direct contact with the bladder. The fluid level sensor is 

sensitive to all fluids with different conductive properties. 

To investigate the more accurately sensitivity of the sensor, 

it was tested in different situations. The different fluid types, 

several interface materials and their surface thickness to 

determine the response time of the sensor were tested. The 

results showed that the sensor responded shorter than the 

plastic material compared to the glass and ceramic materials. 

In the next step, the sensitivity of the sensor for the various 

liquids such as vinegar, salt water, sugar water and drinking 

water was exanimated and the results showed that the sensor 

takes longer time to detect the liquids with different contents 

compared to the water. 

In the final diagnostic model, urine level sensors will be 

mounted on a belt and placed on the bladder to continuously 

evaluate the body's urinary system and when the urine level 

within the bladder reaches near the pain threshold, the patient 

detector will be activated and informs the patient. 
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