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1. Introduction 
Healthy people usually underestimate their ability to 

perform essential physical activities such as picking up various 
objects, walking and sprinting. For many amputees worldwide, 
these abilities are inaccessible. The National Center for Health 
Statistics in United States reports that in 2022, 18.5% of adults 
suffered from difficulties in physical activities [1]. It is 
estimated that more than 40,000 are people who suffer from 
hand amputation. Recent engineering advancements provided 
a means to improve the lifestyle of those amputees in 
meaningful ways. Some examples are various types of smart 
functional upper limb prostheses. However, there is still a long 
path before those protheses become widely available. The 
current cutting-edge prostheses can be very expensive and not 
very efficient in terms of functionality and user training 
difficulties [2]. 

Most current prostheses use a sensing method to 
understand the patient’s intent and then send this intent to 
actuators performing a physical activity. These sensing 
methods include but are not limited to surface 
electromyography signals (sEMG) [3]-[7], 
electroencephalogram (EEG) [8]-[12], voice [13]-[15] and 
muscle movement (passive body powered prosthesis) [16]. In 
this section some of drawbacks of these sensing methods are 
presented. 

Asyali et al. [3] suggested that EMG signals can have 
disadvantages such as requiring high effort from the patients 
and could cause early tiredness problems. The paper suggested 
using voice commands instead and proposes the design of a 
multi-fingered prosthesis hand that can pick up and release 
various objects. The proposed system included 3 motors and 

gears as actuators to move the prosthesis. A speech recognition 
module is utilized as a sensing method to control the hand. 

An EEG based controlled prosthetic hand system is 
proposed by Bright, Dany et al. [8]. It could be used in cases 
with severe disabilities where EMG sensors and voice 
commands could not be used. They introduce a brain 
controlled prosthetic arm that uses Neurosky Mindwave 
headset to control two gestures (opening and closing of hand). 
The captured brain signals were used as a sensing method to 
instruct the movements of the servo motors. They claimed an 
accuracy rate of 80% and suggested a low-cost system that 
could be used in cases with severe disabilities to control the 
prosthetic arm of patients.  

Huseein [13] suggested using voice commands as a means 
to control the electrical motors of the prostheses. It used Neural 
Network (NN) with Radial Basis Function (RBF) to classify 
the received voice commands. They achieved a recognition 
rate of more than 90%.  

Pressure sensors are used for different applications in 
prosthetic devices such as aiding in grasping objects, 
interacting with delicate objects, and monitoring the inner 
socket environment [15]. For example, Chuanyang et al. [16] 
used a capacitive sensor with proximity and force detection 
capabilities to design an intelligent prosthetic hand that is able 
to perform accurate grasping. The capacitive sensor contains 
copper foil electrodes which can identify objects from a 
distance of 100 mm and measure forces of up to 12 N. They 
describe the implemented system as capable of accomplishing 
complex control of prosthesis hand. 

Tabor et al. [17] proposed using a capacitive pressure 
sensor to identify and monitor the inner socket environment to 
provide a more comfortable and a better fit for sockets. 
Wearing prosthetic devices for extended periods of time can 
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cause discomfort for the amputee. A textile capacitive sensor 
is used in the region between the residual limb and the socket 
to monitor the area. 

Most commercial prosthetic limbs use sEMG sensors as 
the means to capture the user’s intent. The sEMG systems can 
provide acceptable accuracy in controlling the prostheses, 
however, EMG signals are susceptible to noise from different 
sources such as skin impedance, power grid, etc. This noise 
can cause the prosthetic to move unintentionally or vibrations 
in the movement [15, 18, 19]. The past literature suggests that, 
an array of pressure sensors can be utilized to sense muscle 
movements and discover the user intent to move the prosthetic 
hand [19].  

In order to overcome the aforementioned problems, the 
objective of this paper is to present the design and 
implementation of a simple, cost effective, practical upper 
prosthetic hand that uses a pressure sensor as a trigger to 
acquire the action intent from the amputees. The pressure 
sensor can be placed between the Flexor Carpi Ulnaris muscle 
of the residual body part and the socket. The proposed system 
will use a selector keyboard, to enable the amputee to choose 
between six predefined movements, namely “fingers open”, 
“fingers closed”, “half open (grasp)”, “hand shake”, “OK”, 
and “grabbing objects”. The aim is to implement a prosthetic 
hand that acquire the use intent more accurately and introduce 
less fatigue for the patient. 

The proposed system is designed to overcome the 
limitations of the current control mechanisms in prosthetic 
hands (such as EMG, EEG, and voice) by being less error 
prone, easier to use (by the addition of the keyboard), and 
causing less fatigue for the amputee since it does not require 
high muscle activity and or concentration to operate. 

2. Materials and methods 
2.1. Pressure sensors 

The pressure sensor uses the analogue change in resistance 
to measure the applied pressure. The external pressure 
modifies the value of the resistance and subsequently the 
measured voltage signal can be used as a pressure value 
indicator. The sensor uses a thin film of flexible pressure 
material that is waterproof. Figure 1 shows the pressure sensor, 
and Fig. 2 shows the Arduino interface. The sensor 
specifications are shown in Table 1. 

Table 1. The pressure sensor specifications [20]. 

Parameter Values Unit 
Range 0 to 0.5 kg 

Thickness < 0.25 mm 
Response point < 20 g 
Repeatability < 5.8% on 50% load - 

Accuracy 2.5% - 85% range interval - 
Durability 100,000 times 

Response time < 1 ms 
Recovery time < 15 ms 

Voltage 3.3 - 5 V DC 
Working temperature -20 to 60 °C 

Electro Magnetic Interferenc  None - 
Electro static discharge Non sensitive - 

Cost ~ 5 $ 
 

 

 

 
Fig. 1 Pressure sensor [20]. 

2.1. Control Unit (CU) 

The control unit used in the work is the Arduino UNO. 
Arduino UNO is a cheap microcontroller that can generate 
Pulse Width Modulation (PWM) signals required to drive the 
servo motors accurately. Figure 2 shows the Arduino UNO 
connected to the pressure sensor [20]. 

 
Fig. 2 Arduino interface with the pressure sensor. 

2.3. Servo motors  

The servo motor used to move the fingers of the prosthetic 
hand designed in this paper is an SG servo motor that can lift 
up to 6.5 kg/cm of load. The motor receives a PWM signal 
from the Arduino to determine the rotation angle and to move 
the fingers accordingly. Figure 3 shows the servo motor used 
in this work. The specifications of the servo motor are shown 
in Table 2 [21]. 

 
Fig. 3 Servo motor. 

Table 2. The servo motor specifications [21]. 

Parameter Values 
Power 4.8 - 6 V DC 

Average Speed 0.2 sec / 60 degrees @ 4.8 V, 
0.16 sec / 60 degrees @ 6 V 

Weight 39 g 
Torque 5.5 kg/cm @ 5 V, 6.5 kg/cm @ 6 V 

Size 40 mm, 20 mm, 38 mm (L × W × H) 
Spline count 25 
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2.4. Selector keyboard for Arduino 

In order to provide multiple gesture movements to the 
prosthetic hand a selector keyboard is used. The selector 
keyboard in a 1 × 5 matrix array with 5 keys as shown in Fig. 
4. The keyboard provides a means for the user to choose the 
required action [22]. 

 
Fig. 4 The selector keyboard. 

2.5. The prosthetic hand 

A 3D printed hand is used in this work as shown in Fig. 5. 
It has five fingers with two servo motors that control the 
movements of the thump and the four fingers respectively. The 
3D design of the prosthetic hand was used from the reference 
[23]. The hand provides several movements with the help of 
the servo motors. 

 
Fig. 5 The 3D printed prosthetic hand. 

2.6. Movement setup 

According the required movements, the amputee uses the 
selector keyboard to choose the actions shown in the Table 3. 
The servo motors realize the movement by rotating by the 
angles defined in the table. 

Table 3. Prosthetic hand movements. 

No. Movement name Thump angle Fingers angle 
1 Fingers open 0° 0° 
2 Fingers closed 180° 180° 
3 Half open (grasp) 90° 90° 
4 Hand shake 90° 0° 
5 OK gesture 0° 180° 
6 Grab an object 30° 35° 

 
2.7. Methodology 

The electrical components mentioned previously are 
assembled as shown in Fig. 6. The servo motors are placed 
inside the 3D prosthetic hand and connected to the fingers by 
strings to perform the required movements. One servo motor 
control the thumb finger and the other controls the four 
remaining fingers. The servo motors, selector keyboard, and 
the pressure sensor are connected to the Arduino. The pressure 
sensor is placed between the Flexor Carpi Ulnaris muscle of 
the residual body part and the socket. When the patient 
contracts the muscle, the pressure sensor will be triggered and 
sends a signal to Arduino.  

The amputee is able to select the required action with the 
keyboard and then triggering the action by the interaction with 
the pressure sensor using his muscles. The prosthetic hand 
responds with that required movement. The final prosthetic 
hand is shown in the Fig. 6. 

The following algorithm is used to perform the required 
steps for the task. 

1. Start. 
2. Movement needed is set by user through the selector 

keyboard (Each of the keys is connected to one of the 
analogue inputs of the Arduino. A set of conditional 
statements in the code can detect the chosen movement). 

3. Monitoring the pressure sensor for the amputee activity. 
The pressure sensor is placed between the Flexor Carpi 
Ulnaris muscle of the residual body part and the socket. It 
can be activated by any small muscle pressure.  (The input 
pin is monitored for values between 0 and 1023. Any value 
greater than ~30 is a command). 

4. According to the pressor sensor value, the PWM signals 
are sent to the servo motors to move the fingers as needed 
(The servo.h library is used to send angle values to the 
servo motors to achieve the required movement). 

5. Return to monitoring of the pressure sensor for the amputee 
activity. 

6. The user can change the selected movement through the 
selector keyboard. 

 
Fig. 6 The final prosthetic hand. 
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3. Results and discussion
The implemented pressure-based prosthesis is able to sense

the required intent of the patient using the pressure sensor and 
perform the action specified by the user in the selector 
keyboard. The prosthetic hand movements in addition to the 
grabbing of a bottle using the prosthetic hand as in Fig. 7.  

The justification for choosing the pressure sensor control 
mechanism is to avoid the limitations and drawbacks 
associated with the existing methods such as EMG [8, 9, 10], 

EEG [13], and etc. The used method in this paper can 
overcome problems such as misclassification of the 
movements because of the noise, the long training period to 
use the prosthetics. In addition, the proposed system is simple 
to use and cost efficient.  

Table 4 shows the pressure sensor readings in various 
situations. The prosthetic hand senses any change in pressure 
and translates it to “On” state which in turn issues the relevant 
command selected by the selector keyboard. 

Fig. 7 The prosthetic hand movements: (1) Hand shake, (2) Fingers closed, (3) Fingers open, (4) OK gesture, (5) Half open, and (6) Grabbing an object. 

Table 4. Pressure sensor reading in different situations. 

Pin reading Pressure (grams) Trigger On/Off 

202 99 ON 
310 151 ON 

9 4 OFF 
198 97 ON 
560 273 ON 
700 342 ON 
520 254 ON 
540 264 ON 
500 244 ON 
510 249 ON 
690 337 ON 
555 271 ON 
583 285 ON 
595 291 ON 
507 248 ON 
750 366 ON 
502 245 ON 

5 2 OFF 
302 147 ON 
410 200 ON 
420 205 ON 

Authors are not aware of a similar use of the pressure 
sensor in the previous literature. As previously stated in the 
introduction section, the application of the pressure sensor in 
prostheses in the past was mostly in aiding in grasping objects, 
interacting with delicate objects, and monitoring the socket for 
patient comfort. As far as authors are aware, the use of the 
pressure sensor as a control mechanism is not implemented 
before. The advantages of such a system over control 
mechanisms such as EMG, EEG, voice and etc. is its simplicity 
and cost. The approximate cost of the proposed prosthetics 
hand is less than 200$. In addition, some of the complexities 
and error prone properties of the other alternatives are avoided. 

In comparison, EMG control systems are susceptible to 
noise from different sources such as skin impedance, power 
grid, etc. This noise can cause the prosthetic to move 
unintentionally or even vibrations in movement and cause 
frustration for the user [8, 9, 10].   

The EEG control mechanisms are inherently complex and 
require the patient to wear the headset to control the prosthetic 
hand. Furthermore, accurate EEG devices are expensive [8]. 
This again can introduce unsatisfactory experience for the 
users. Finally, the voice-controlled prostheses while less 
obtrusive, may need a quite environment and require the 
patient to issue verbal commands that might interrupt the 
patient communications with the others while using the 
prosthetic hand [13]. The system proposed in this paper can 
overcome many of these problems. 
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For the future work it is recommended to use more 
advanced servo motors with less weight and smaller size. In 
addition, the mechanism to transfer the motion to fingers can 
be modified to use gear system instead of the strings which can 
provide a more stable and accurate motion. Finally, the use of 
more accurate and advanced pressure sensors can improve the 
controllability of the system. In addition, using multiple 
pressure sensors instead of one to improve the system 
sensitivity and usability for the patient. 

4. Conclusions  
In this work a practical upper limb prosthesis is designed 

and implemented that serves people with upper limb 
amputation. It provides the users a choice of five different 
movements by the use of a selector keyboard. A pressure 
sensor placed between Flexor Carpi Ulnaris muscle and the 
socket which served as a control mechanism to issue on/off 
triggers to the smart prosthesis. Six movements are available 
for the amputee, namely, fingers open, fingers close, OK 
gesture, hand shake, and half open, and grabbing an object. 
This movements are selected based on the most needed 
gestures for the amputee. Two servo motors have been used 
with high torque that serve as the actuators to move the fingers.  

Amputees require significant training to learn to use most 
of the current professional prosthetics. In addition, the effort 
required and the accuracy of these systems are problematic. 
The authors believe that the current system can overcome a 
few of these limitations and thus improve the lives of the 
patients.   

The advantages of the proposed system compared to other 
prostheses using EMG, EEG, Voice is design simplicity and 
cost. The approximate cost of the proposed prosthetics hand is 
less than 200$. In addition, some of the complexities and error 
prone properties of the other alternatives are avoided. 
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