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ABSTRACT  ARTICLE INFO 

Fiber optics are the right transmission medium to monitor the 
movement of the human body, one of them is knee activity. Single-
mode fiber (SMF) and fiber Bragg grating (FBG) as sensing sensors that 
can monitor damage to bad conditions of the human joint area so can 
prevent further damage. The purpose of this study was to design fiber 
optic-based belts due to macrobending with sinusoidal patterns, 
determine the relationship of knee benders with average power change 
(∆𝑃    ) of SMF and FBG, measure changes in power loss (𝐿) fiber optics as 
a function of optical fiber diameter (𝑑) and knee angle (𝜃𝑘), and 
determine the optimum sensitivity (𝑆) of SMF and FBG in detecting 
knee bending. The results showed that 𝐿 of 0.0751 dB and 𝑆 of 0.017442 
dB are the largest values produced from the SMF belt with values 𝑑 of 12 
mm and 𝜃𝑘  of 180°. The values 𝐿 of 2.0177 dB and 𝑆 of 0.591382 dB are 
the largest values produced from FBG belts with values 𝑑 of 8 mm and 
𝜃𝑘  of 180°. The results of this study explain that FBG is more effective to 
use because it has a higher 𝑆 value than SMF. 
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1. INTRODUCTION 

The knee joint is a 'hinge type' synovial joint with the movement of flexion and extension 

combined with rotation and shear. The knee joint is a joint capable of withstanding heavy axial 

loading. The anatomy of the knee joint is composed of several tissues, namely bone components, soft 

tissue components, nervous tissue, and vascular tissue [1, 2]. Complaints, when someone goes up and 

downstairs, can be caused by osteoarthritis. The development of a health monitoring application 

device at a relatively low cost is an important effort to monitor the poor condition of the human joint 

area which can prevent further damage [3, 4]. Knee activity monitoring applications, gait asymmetric 

detection can be used to indicate the condition of the knee joint [5]. Fiber optic sensor devices are 

good for monitoring knee movement activities because of their various advantages such as resistance 

to electromagnetic interference, low cost, lightweight components, and ease of application in the 

sensor [6-8]. 

Single-mode fiber (SMF) and fiber Bragg grating (FBG) are of further concern because of their 

high precision and accuracy. SMF is able to carry signals in one channel which is quite long. Based on 

the use of optical fiber as a transmission medium, there are losses caused by intrinsic and extrinsic 

factors. Intrinsic factors of optical fiber such as absorption (absorption loss) and scattering (rayleigh 

scattering loss), extrinsic factors such as bending loss, splicing loss, coupling loss [9-11]. 

This study presents the determination of optical parameters for knee bending using optical fiber 

using a laser diode as a light source with a wavelength of 1310 nm which propagates inside the SMF 

and FBG sensors while the optical power output of the optical fiber is detected using optical power 

meter (OPM). SMF and FBG sensors are modulated in such a way on elastic material belts with 

variations in the diameter of the sinusoidal pattern and variations in the bending of the knee-leg angle, 
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making it much easier and more cost-effective. After getting all the data, analysis and calculations 

were carried out in order to obtain and find out a better sensitivity value between SMF and FBG. 

2. DESIGN OF FBG ON KNEE KINEMATICS AND DYNAMICS 

Optical fiber is a transparent medium made of thin glass, plastic, or polymer fibers used to 

transmit light signals from one place to another. Part of the optical fiber consists of coating, cladding, 

and core [12-15]. In general, optical fiber is divided into several types [16]. SMF has the advantage of 

better performance such as, in channel attenuation and bandwidth usage [17]. Multimode optical fiber 

has a narrow bandwidth, poor transmission, and small transmission capacity. FBG is a type of fiber 

optic sensor that is used as a temperature and strain sensor. The Bragg wavelength value of the FBG is 

obtained as follows: 

 𝜆𝐵 = 2 𝑛𝑒𝑓𝑓𝛬 (1) 

Power reduction in optical fiber occurs due to a leak or lack of clarity of material from an 

optical fiber. The causes of power reduction in optical fiber are absorption, scattering, and bending 

losses. Bending is a bending that causes the light that propagates in an optical fiber to deviate from the 

direction of its transmission. In this study, the loss is focused on bending loss for macrobending. 

Macrobending occurs when light passes through an optical fiber that is bent to form a curvature with a 

radius greater than the radius of the optical fiber. Microbending is caused by the difference in the rate 

of expansion and shrinkage between the optical fiber and its outer shield (coating). 

The knee is a complex hinge joint with the greatest flexion and extension in the sagittal plane 

and varus and valgus rotation in the frontal plane. The knee has a role in maintaining stability and 

control during various loading situations. A collection of lower limb joints that play a role in body 

movement (knees, ankles, and hips) the knee is one of the most susceptible to disorders such as 

osteoarthritis [18, 19]. Osteoarthritis is a joint disorder characterized by cell stress and extracellular 

matrix degradation and is characterized by cartilage degradation, osteophyte formation, joint 

inflammation, pain, and loss of normal joint function. A person's limitations in the activity of going up 

and downstairs are caused by a person's inability to support the weight. When a person climbs and 

descends the stairs the load received by the knees is 34 times the body weight. Cartilage degeneration 

in the joints causes osteokinematic and arthrokinematic disorders of the joints. 

On the inside of the belt are glued optical fibers in the form of SMF and FBG with 𝜆 = 1310 nm 

and 𝑃0= -5 dBm given alternately sinusoidal pattern diameters (𝑑)are 8 mm, 10 mm, and 12 mm. Input 

power (𝑃0) is sourced from the diode laser and the output power for the initial power (𝑃𝑖) and final 

power (𝑃𝑓 ) will be read in the OPM. The belt that has been given a sinusoidal diameter pattern is 

attached to the knee of the object's leg. The object consists of a woman with a large variation of the 

knee angle used is 30°. The age of the object is 22 years. In the study, the belts were alternated 

between SMF and FBG. The object is measured while sitting on a chair in order to facilitate bending 

of the object's knees and measurements are also taken when the object is climbing the stairs to see how 

much angle will be formed and how much power is lost to climb each ladder. 

3. ANALYSIS OF FBG PROPERTIESON KNEE BENDING 

Before the belt is attached to the object's legs, the value of the initial output power will be 

measured when the SMF and FBG belts are stretched straight on the floor.The 𝑃𝑖  values with 𝑑 of 8 

mm, 10 mm, and 12 mm for SMF are -6.95 dBm, -6.94 dBm, and -6.88 dBm, while for FBG are -6.73 

dBm, -7.08 dBm, and -6.77 dBm. The end of the optical fiber is connected to the input and output in 

the form of a laser diode and OPM. Objects with a sitting position and their knees will be bent with a 

certain variation 30°, 60°, 90°, 120°, 150°, and 180° will be monitored and recorded its 𝑃𝑓using delta 

in general, namely: 

 ∆𝑃    = 𝑃𝑓   − 𝑃𝑖  (2) 
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where ∆𝑃     is the average power change of 5 repetitions, 𝑃𝑓    is the average final power after the belt is 

attached to the object's foot, and 𝑃𝑖 is the initial power after the belt is paired with a sinusoidal pattern 

and the graph in the following figure is obtained. 

 
Figure 1.The graph ∆𝑃     of SMF against 𝑑 and 𝜃𝑘  

 
Figure 2.The graph ∆𝑃     of FBG against 𝑑 and 𝜃𝑘  

Figure 1 shows that ∆𝑃     value of SMF with respect to 𝑑 and 𝜃𝑘  has the smallest ∆𝑃    value found 

at 𝑑 = 12 mm and 𝜃𝑘  = 180° with a value of ∆𝑃    = -0.12 dBm. The largest ∆𝑃     value of SMF is at 𝑑 = 8 

mm and 𝜃𝑘  = 180° with a value of ∆𝑃    = 0.03 dBm. In this study, the larger the diameter of the 

curvature used, the smaller the difference in output power, which means the smaller the light that can 

be transmitted.Figure 2 presents that ∆𝑃     value of FBG to 𝑑 and 𝜃𝑘  has the smallest ∆𝑃    value found at 

𝑑 = 8 mm and 𝜃𝑘  = 180° with a value of ∆𝑃    = -3.98 dBm. The largest ∆𝑃     value of FBG is at 𝑑 = 12 

mm and 𝜃𝑘  = 30° with a value of ∆𝑃    = -0.20 dBm. In this study, the larger the diameter of the 

curvature used, the greater the difference in output power produced. 

The value of power loss (𝐿) is closely related to the value of power. Calculations are carried out 

using the equation: 

 𝐿 = 10 𝐿𝑂𝐺
𝑃𝑓    

𝑃𝑖 
 (3) 

 
Figure 3. The graph 𝐿 of SMF against 𝑑 and 𝜃𝑘  

 
Figure 4. The graph 𝐿 of FBG against 𝑑 and 𝜃𝑘  

Figure 3 describes the 𝐿 value of SMF against 𝑑and𝜃𝑘seems like a small diameter of curvature 

𝑑 = 8 mm has a smaller power loss value of-0.0188 dBwhen compared with the diameter of 10 mm 

and 12 mm. While 𝑑 = 12 mm has the largest power loss value among the three diameters, which is 

0.0751 dB.The value of power loss in SMF optical fiber in this study is caused by the bending 

factor.Figure 4 illustrates the value 𝐿 of FBG against 𝑑 and 𝜃𝑘 , it can be seen that the small diameter 

of curvature 𝑑 = 8 mm has a larger power loss value of 2.0177 dB when compared with the diameter 

of 10 mm and 12 mm. Meanwhile, 𝑑 = 12 mm has the smallest power loss among the three diameters, 

which is 0.1264 dB. This is because the diameter of the bend 12 mm has an output power that is 
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almost close to the initial output power, thus causing the difference in output power to be smaller than 

the diameter of 8 mm and 10 mm. 

From the calculation of the 𝐿 values carried out on SMF and FBG, the largest 𝐿 value for SMF 

is 𝑑 = 12 mm and the largest 𝐿 value for FBG is 𝑑 = 8 mm. This is different because it is affected by 

the sensitivity of the optical fiber. One study states that the 𝐿 value is greater if the 𝑑 value is reduced 

[20]. In this study, it can be said that FBG is more sensitive than SMF. To prove the sensitivity value 

of the optical fiber, it is calculated using the equation: 

 

 𝑠 =  
∆𝑃    

𝑃𝑖 
=  

𝑃𝑓    −𝑃𝑖 

𝑃𝑖 
 (4) 

 

In this study, 3 variations of diameter were used, namely 8 mm, 10 mm, and 12 mm. From the 

results of observations and calculations, it is found that the sensitivity value on SMF is found in the 

curvature of the diameter of 12 mm with a value for each angle, namely 0.013081, 0.015988, 

0.015988, 0.015988, 0.013081, 0.017442 while the sensitivity of FBG is at a diameter of 8 mm, 

namely 0.511144, 0.46211, 0.271917, 0.381872, 0.561664 and 0.591382. Based on the sensitivity 

value, we can conclude that a more effective optical fiber is found in FBG optical fiber with 𝑑 = 8 

mm. 

4. CONCLUSION 

Variations in bending diameter cause different output power and power loss for SMF and FBG. 

The value of 𝐿 = 0.0751 dB and 𝑆 = 0.017442 dB is the largest value generated from the SMF belt 

with a value of 𝑑 = 12 mm and 𝜃𝑘  = 180°, in SMF the 𝐿 value of optical fiber will increase with the 

increasing d value and bending 𝜃𝑘  at the knee of the leg. The value of 𝐿 = 2.0177 dB and 𝑆 = 

0.591382 dB is the largest value generated from the FBG belt with a value of 𝑑 = 8 mm and 𝜃𝑘  = 

180°. In FBG, the 𝐿 value of optical fiber will increase as it gets smaller dvalue optical fiber used. The 

FBG is more effective to use because it has a higher 𝑆 value than SMF. 
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