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Abstract: In this paper, a prosthetic hand is designed using the solid work to simulate a hand model action. A glove with flex sensors 

attached is use to control the prosthetic hand. Each flex sensor will be used to control one servo motor. Signals from flex sensors are 

sent to the Arduino Uno kit to process and control servo motors. The fishing lines are attached to the fingers as tendons to help them 

move. An Arduino combined with servo SG90 to control the action of the prototype. In the future, it will be applied for remote control in 

bilateral teleoperation. 
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1. Introduction 
 
There are so many patients who are disable in hand after 
going through accidents or sustained neurological damage. In 
the United States, approximately 500,000 people (171 per 
100,000) experience a stroke each year [1]. This high stroke 
incidence, in combination with an aging population, which 
implies future increases in incidence, greatly strains national 
healthcare services and related costs [2]. In the majority of 
these cases, patients experience either partial or total absence 
of hand motion ability, and this loss of functionality can 
greatly restrict activities of daily living and considerably 
reduce quality of life. High intensity and task specific upper 
limb treatment consisting of active, highly repetitive 
movements is one of the most effective approaches to arm 
and hand function restoration [3-5]. Unfortunately, standard 
multidisciplinary stroke rehabilitation is labor intensive and 
requires one-to-one manual interactions with therapists. 
Treatment protocols entail daily therapy for several weeks, 
which makes the provision of highly intensive treatment for 
all patients difficult [6] Therefore, a mechanic is required to 
support this work automatically.  
 
Many research groups have developed robotic devices for 
upper-limb rehabilitation [7-10] for training the proximal 
upper limb (shoulder and elbow), distal upper limb (forearm 
and wrist). Numerous robotic rehabilitation systems have 
been developed for the hand that consists of multi-degree-of-
freedom exoskeletons [11-16]. These systems are typically 
expensive and are designed for in-clinic use as they are 
generally not portable. 
 
An intelligent prosthetic hand is defined as a hand that 
mimics the natural movements of the human hand. In order 
to appropriately mimic the motion of the human hand, its 
natural motions must be studied carefully. For instance, the 
distal phalanx (fingertip) must rotate about its joint as the 
middle phalanx rotates. There are some papers also described 
the method to make it [17]. However, it is very difficult and 
unnatural to bend the finger at the proximal joint, while 
keeping the distal joint stiff. The motions of these two joints 
are linked and must move together. On the other hand, the 
knuckle joint is not linked to any other joints. The knuckle is 
able to move the entire finger with no motion in the proximal 
or distal joints. Moreover, it is difficult to make the suitable 

knuckle for our robot hand. Another method was shown [18]. 
Although it is an intelligent robot hand, it is very complex 
and requires excellent skills. Therefore, the purpose of this 
paper is to design a prosthetic hand with inexpensive 
materials that can be developed to an intelligent prosthetic 
hand,and can be easily used and controlled. And it will be 
applied for remote control in bilateral teleoperation. 
The paper is organized as follow. Section 2 presents the 
background and methodology of designing a robotic hand. 
Section 3 shows the experiment results. Section 4 concludes 
the paper. 
 
2. Methodology 
 
2.1 Anatomy of hand 

 
The anatomy of the hand is extremely complex, intricate, and 
fascinating, probably the most complex of all the joints in the 
body. Its structure is showed in the finger 1. 

 
Figure 1: Anatomy of hand [19] 

 
There are several important tendons that cross the wrist. 
Tendons connect muscles to bone. The tendons that cross the 
wrist begin as muscles that start in the forearm. Those that 
cross the palm side of the wrist are the flexor tendons. They 
curl the fingers and thumb, and they bend the wrist. The 
flexor tendons run beneath the transverse carpal ligament 
(mentioned earlier). This structure lies on the palm side of 
the wrist. This band of tissue keeps the flexor tendons from 
bowing outward when you curl your fingers, thumb, or wrist. 
The tendons that travel over the back of the wrist, the 
extensor tendons, run through a series of tunnels, called 
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compartments. These compartments are lined with a slick 
substance called tenosynovium, which prevents friction as 
the extensor tendons glide inside their compartment.Its 
integrity is absolutely essential for our everyday functional 
living. 
 
Our fingers are controlled by tendons attached to the muscles 
of the hand. Therefore, the paper introduces a simple way to 
make a prosthetic hand, that can be controlled by the human 
through the EEG or EMG signals; or the prosthetic hand can 
be used in dangerous environment where people can not 
reach. 
 

2.2. Experimental design for robot hand 

 
The prosthetic hand is designed by SolidWork software and 
is printed by 3D printer. The figure 2 shows the model of the 
prosthetic hand. 

 
Figure 2: Model of the prosthetic hand 

 
The Arduino Atmega8 is used as the controller. Arduino is a 
brand of open-source microcontrollers frequently used in at-
home, do-it-yourself electronics projects. It can be 
programmed in a version of C, and the Arduino website 
contains software for programming the device. There are 
also a host of straightforward online tutorials that make it 
easy and quick to learn. A variety of electronic components 
can be connected via breadboard as inputs and outputs for 
the code, making Arduinos incredibly versatile. Arduino 
microcontrollers are intuitive, inexpensive, and readily 
available—three factors critical to accessible, easy-to-use 
prosthetics. The movement of robot fingers is controlled by 
Servo SG90. That is small and lightweight with high output 
power. Servo can rotate approximately 180 degrees (90 in 
each direction). 
 

 
Figure 3: Servo SG90 

That SG90 servo in Figure 3has specifications as table 1. 
 

Table 1: Specifications of servo SG90 
Weight 9 g 

Dimension: 22.2 x 11.8 x 31 mm 
Stall torque 1.8 kgf·cm 

Operating speed 0.1 s/60 degree 
Operating voltage 4.8 V (~5V) 
Dead band width 10 µs 

Temperature range 0 ºC – 55 ºC 
 

 
Figure 4: Model of the pros 

 
The flex sensors are used to measure the bending of the 
fingers. When the sensor is flexed, the resistance across the 
sensor increases. The signals from the sensors are sent to 
Arduino to process and control the servo motor as showed in 
finger 4, that control the prosthetic hand. The flex sensor 
(R1) is connected in series with the resistor R2 (22k Ohm) as 
showed in figure 5, the output voltage on R2 will be: 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
𝑅2

𝑅1 + 𝑅2
 

In which 𝑉𝑖𝑛  = 5V. 

 
Figure 5:Connect the flex sensor 

 

Table 2: The resistances of sensors when changing position 
from relax to hold tight 

 Relax   Hold tight 
Index finger 28k 35,76k 49k 58k 

Middle finger 28k 30,88k 40k 53k 
Ring finger 26k 28k 32k 42k 
Baby finger 27k 30k 34k 42k 

 
On the prosthetic hand, there are some tendon guide eyelets. 
For these, the fishing linesare put across the eyelets to help 
the prosthetic fingers move.Figure 6 shows five servos 
connected with fishing lines are used, one for each finger. 
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Figure 6: Fishing lines connected with motors 

 
After attaching the ―tendon string‖ to the finger and 
threading it through all the narrow holes, the ‗opening‘ and 
‗closing‘ finger positions are marked. The distance the string 
travelled can be measured, and therefore how far the servo 
needed to travel to open and close each finger. This 
measurement would be used to find the servo travel angle in 
the code for each finger. An Arduino Atmega8 is used to 
control the servo motor to control the movement of fingers. 
 
Five servos are controlled by digital pins of Arduino:  
myservo1.attach(9); 
myservo2.attach(10); 
myservo3.attach(11); 
myservo4.attach(12); 
myservo5.attach(13); 
 
The void loop contains the variable pos (position). It is this 
one variable that is used to assess the condition to stay in or 
exit the loop, as well as incrementing/decrementing the 
counter. More importantly, this variable represents the servo 
position value for the myservo1.write(n) statement, where n 
is replaced with pos. As the loop runs, the pos value (which 
begin at 0) is incremented, and thus the position of the servo 
is changed one degree at a time by using the 
myservo1.write(pos) statement. The servo rotation is based 
on the code by using the time delay function delay() after 
each individual or group of write() position movements. 
 
for(pos1 = 0; pos1 < 220; pos1 += 1)  
  {       
myservo1.write(pos1);  // Finger1(pinky) 
delay(5); 
  } 
 
3. Experiment Results  
 
The flex sensors 2.2‖ in length are attached to the glove as 
showed in figure 7 to identify the positions of fingers. 
 

 
Figure 7: The controlling grove 

 
The flexion and extension of each finger on prosthetic hand 
can be controlled by coding in Arduino through the fishing 

lines. Finger 8 shows the complete prosthetic system. The 
movement of fingers is likely the real one. 

 

 
Figure 8: The complete prosthetic hand model and 

controlling grove 
 

4. Conclusion 
 
This paper presents a design of the prosthetic hand and glove 
for controlling the prosthetic hand. The servos, controlled by 
an Arduino, are used to control the movement of the finger 
through the cord. The finger can be moved likely the real 
finger. In the future, the feedback part would beimproved to 
realize the prosthetic hand. 
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