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Prosthetic Hand Control Using Speech Recognition

Deok-Jae Yu', Beom-Hee Lee, Yeo-Jeong Jeon', Seon-Ju Lee’, Hye-Kyung Park” ,
Kug-Won Kim"'

* Department of Mechanical Engineering, Soonchunhyang University
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Abstract: This design relates to the finger-control prosthetic hand using voice recognition, so the prosthetic
hand can be used by people with disabilities who cannot use EMG sensors. The prosthetic hand was made
by 3D design and 3D printing using 'Solidworks', and the various motions of the prosthetic hands was
applied by controlling each servo motor according to voice recognition voice using Arduino coding and 'App
Inventor 2'. We will focus on making prosthetic hand more popular among people with disabilities by
complementing the problems of existing prosthetic hand with voice recognition technology.
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Currently, most electronic prosthetics on the market use EMG sensors, and the prosthetic movement is
applied by electric signals of muscles and brain. However, there are problems that existing prosthetic hands
have a complicated structure, difficult repair, and expensive.

As a result, the actual use rate of amputation disorder is low. And, the amputation impairment in which
the muscle is degraded due to congenital amputation impairment.

Therefore, the design aims to enable low-cost prosthetics using “Solidworks” and 3D printing. Finger joints
are designed with rubber seams to allow assembly between the knuckles, thereby simplifying the structure of
the prosthesis and making it easy for the user to repair. By using simple maintenance and voice recognition
function, we want to make a prosthesis that can be used by people with disabilities who cannot use EMG

Sensors.
2. AAMANE

(1) AA ZA1e] ]

7Ige RS UMM £ 2E BR AF oS
¢ tvyigm

[0l41=] A4 Y B 22 ol4
EENTR T B2

Fig. 2 Sports Seoul(2016.04.20) Fig. 3 MBC News(2018.04.20.)

B 7Abe} o] AHo] x|Yo] A|NE BEdar, A AREEHA] Eels oGl ik EAES 7HAa 2
AAE Astaat ek, @A) AlSA AuEa Qe oFE nnd ool Wo} 2K WSS o] &3t
LAE AME AR ARG FE o]F AL k. 71E ARG AS R HRtela 714oe] mM)
= BAEe] Ak, w3, AHA A Fofloly THAor o] HilE Adk Aol Ay Fe]
o] obd FHH |9} o] 8] Qo] HoldE F-9le] S AsR ofE FEksla itk AR o]y
S A SHE A Q77T Hol HstE &E2te] A FEEA] e A9 o] AHA HAdd Aefl
7} 2&o] Bl AAEL AT MM R ZAEes AR} 958 AMEEly] ojHr)

‘Solidworks’ & o]-&3}o] ARgAl| UbA] ks AAS AA|Star, 3D LYUYS o] &35te] 7}

olel B A =
WA AWS o)5E Adels Aol 2AHo] glov] ek Txa Adeel xho] Walv wiE A ¥
YES Prh EW, THE A I Bahs PIAES da SHANL olgdel 95T TER 4
QLS B Aol 2] i)



244 o1 8@ AAkelS Ao s

metacarpal bone proximal  distal-middle
(MB) big pulley phalange(PP) phalange(DMP)
5 o

+

/ '\\’u'ef small pulley PIP jomt
, ¥ lockmg mechansm MCP jomt luk  extension spring
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Fig. 6 Basic function required for the
Prosthetic Hand
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Fig. 7 Finger top modeling

Fig. 10 Rubber joints

Fig. 9 Finger bot modeling
modeling

Fig. 11 Palm modeling



p:)

Fig. 12 Thumb assembly

Fig. 13 Index finger and 3

finger assemblies

Fig. 14 Hand full assembly

Fig. 15 Arm Lid (Inside)
Modeling

Fig. 16 Arm Lid (Outer)
Modeling
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Fig. 17 Arm body modeling Fig. 18 Arm assembly
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Fig. 19 Front Fig. 20 Rear
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Fig. 21 Equal angles

(3) 3D Printings o]&3 Az
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Fig. 21 Output finger top Fig. 22 Output finger mid

Fig. 23 Output finger bot Fig. 24 Output rubber

joint
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Fig. 25 Output palm

Fig. 26 Output arm body Fig. 27 Output Arm Lid

Fig. 28 Output Arm Lid

(Inside) (Outer)
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Table 1 Arduino Coding

<ERITY> opFol

#include <SoftwareSerial.h>
#include <Wire.h>

#include
<Adafruit_PWMServoDriver.h>
SoftwareSerial BTSerial(2,3);
Adafruit_PWMServoDriver
Adafruit_PWMServoDriver();
#define SERVOMIN 150
#define SERVOMAX 600
uint8_t servonum = 0;

pwm =

void setup() {
Serial.begin(9600);
BTSerial .begin(9600);
Serial.printIn("8 channel
test!");

Servo

pwm.begin();

pwm.setPWMFreq(60) ;

delay(10);
}

void setServoPulse(uint8_t n,

double pulse) {
double pulselength;
pulselength = 1000000;

// 1,000,000 us per second
pulselength /= 60; // 60 Hz
Serial.print(pulselength);

Serial.printIn(" us per

period");
pulselength /= 4096;

// 12 bits of resolution
Serial.print(pulselength);

Serial.printIn(" us per bit");
pulse *= 1000000;// convert to

us
pulse /= pulselength;
Serial.println(pulse);
pwm.setPW(n, 0, pulse);

}
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void loop() {
// Drive each servo one at a
time
Serial.println(servonum);
if (BTSerial.available()) {
char data = BTSerial.read()
Serial.write(data);

if (data == 'a') {

for (uintl6_t pulselen

= SERVOMIN; pulselen

< SERVOMAX; pulselent+) {
pwm. setPWM(0, 0, 470); //2&A;
pwm.setPWM(1, 0, 470); //<FA;
pwm.setPWM(2, 0, 470); //AA;
pwm. setPWM(3, 0, 470); //ZA;
pwm.setPWM(4, 0, 470); //9A;
//println("®");
}
delay(500);

}
else if (data == 'b') {

for (uintl6_t pulselen

= SERVOMAX; pulselen

> SERVOMIN; pulselen—) {
pwm. setPWM(0, 0, 150); //4&A1;
pwm.setPWM(1, 0, 250); //¥A;
pwm.setPWM(2, 0, 150); //FA;
pwm.setPWM(3, 0, 200); //=XA;
pwm.setPWM(4, 0, 150); //4A;
// println("BF$");
}
delay(500);

}

else if (data == 'c¢') {
for  (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {
pwm. setPWM(0, 0, 150); //A2A;
pwm. setPWM(1, 0, 220); //<k=A];
pwm.setPWM(2, 0, 470); //7AA;
pwm. setPWM(3, 0, 470); //ZA;
pwm.setPWM(4, 0, 150); //<4A;
// println("7F");
}
delay(500);
}
else if (data == 'd')

for  (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {
pwm. setPWM(0, 0, 150); //A2A;
delay(500);
pwm.setPWM(1, 0, 200); //¢kA];
delay(500);
pwm.setPWM(3, 0, 150); //=A;
delay(500);
pwm.setPWM(2, 0, 150); //ZA;
delay(500);
pwm.setPWM(4, 0, 150); //9A;
delay(500);
// Serial.println("222 F
o]");
break;
}
delay(500);
}
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else if (data == 'e') {

for (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {

pwm. setPWM(0, 0, 150); //4A];

pwm.setPWM(1, 0, 200); //<¥A|;

pwm.setPWM(2, 0, 150); //ZAA;

pwm.setPWM(3, 0, 150); //&A;

pwm.setPWM(4, 0, 470); //9A;

// println("T}E");
}
delay(500);
}
else if (data = 'f') {
for (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {
pwm. setPWM(0, 0, 150); //A&A];
pwm. setPWM(1, 0, 230); //<¥A;
pwm. setPWM(2, 0, 470); //AA;
pwm.setPWM(3, 0, 170); //=A;
pwm.setPWM(4, 0, 150); //A];

// println("E");
}
delay(500);
}

lgv){

pulselen

else if (data ==
for  (uintl6_t
SERVOMAX;
pulselen—) {
pwm.setPWM(0, 0, 150); //Z&A];
pwm.setPWM(1, 0, 250); //<kA];
pwm.setPWM(2, 0, 200); //7AA;
pwm.setPWM(3, 0, 200); //=A;
pwm. setPWM(4, 0, 330); //9A;

// println("®7]1");
¥
delay(500);
}
else if (data == 'h') {
for  (uintl6_t
SERVOMAX;
pulselen—) {
pwm.setPWM(0, 0, 470); //2A];
pwm.setPWM(1, 0, 470); //<kA];
pwm.setPWM(2, 0, 150); //FA];
pwm. setPWM(3, 0, 470); //=A;
pwm. setPWM(4, 0, 250); //9A;

pulselen

// println("2. A o]");
}
delay(500);

}

pulselen > SERVOMIN;

pulselen > SERVOMIN;
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else if (data == 'i') {

for (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {

pwm.setPWM(0, 0, 470); //2A;

pwm.setPWM(1, 0, 200); //<¥A|;

pwm. setPWM(2, 0, 470); //AA;

pwm.setPWM(3, 0, 150); //&A;

pwm.setPWM(4, 0, 470); //9A;

//print In("Z~<&");
}
delay(500);
}
else if (data == 'j') {
for (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {
pwm. setPWM(0, 0, 470); //Z&A1;
pwm. setPWM(1, 0, 200); //<¥A;
pwm.setPWM(2, 0, 150); //ZAA;
pwm.setPWM(3, 0, 150); //&A;
pwm.setPWM(4, 0, 470); //9A;

//Dril’ltln(" Q‘F_ﬁ_‘:n),
)
delay(500);
¥

else if (data == 'k') {
for  (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {
pwm.setPWM(4, 0, 470); //4A;
delay(500);
pwm.setPWM(2, 0, 470); //7AA;
delay(500);
pwm. setPWM(3, 0, 470); //ZA];
delay(500);
pwm.setPWM(1, 0, 470); //<FA;
delay(500);
pwm.setPWM(0, 0, 470); //A&A];
delay(500);
break;
// println("222 H7|");
)
delay(500);
}
else if (data == '1") {
for  (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {

pwm.setPWM(4, 0, 150); //9A;
//printIn("@GA H7");
}
delay(500);
}

15
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else if (data == 'm') {

for (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {

pwm. setPWM(2, 0, 150); //ZAA;
//printIn("HA A71");
}
delay(500);
}

else if (data == 'n') {
for (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {

pwm.setPWM(3, 0, 150); //FA;
//println("FA] F71");
}
delay(500);
}

else if (data == '0') {
for (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {

pwm. setPWM(1, 0, 220); //<FA;

//pril’ltll’l("@_}:X] 7](;]]7] u);
}
delay(500);

}

else if (data == 'p') {
for  (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {

pwm.setPWM(0, 0, 150); //Z&A];
//print In("&A] H7]");
}
delay(500);
}
else if (data == 'q') {
for  (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {

pwm. setPWM(4, 0, 470); //<A];
//printIn("GA H7|");
}
delay(500);
}
else if (data == 'r') {
for  (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {

pwm.setPWM(2, 0, 470); //AA;
//printIn("FH=] H7]");
}
delay(500);
}
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else if (data == 's') {
for  (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {

pwm.setPWM(3, 0, 470); //ZA;
//printIn("FA] H7|");
}
delay(500);
}
else if (data == 't') {
for (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {

pwm.setPWM(1, 0, 470); //%FA;
//printIn("<F=x] H7]");
}
delay(500);
}
else if (data == 'u') {
for (uintl6_t pulselen =
SERVOMAX; pulselen > SERVOMIN;
pulselen—) {

pwm. setPWM(0, 0, 470); //2&A;
//printIn("AX] H7|");
}
delay(500);
}

servonum t+;

0;

if (servonum > 7) servonum

17
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Fig. 31 Created
application screen

Fig. 32 Created App Inventor 2 screen
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Fig. 33 3D Modeling design

(When removing the cover)

Fig. 35
Completed prosthetic hand
(front)

Fig. 34 3D Modeling design
(When combining the cover)

eml

Fig. 36
Completed prosthetic hand
(back)
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Fig. 38
Completed prosthetic hand

Fig. 37
Completed prosthetic hand

(back inner)

(front inner)

Table 2 Specification
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Table 3 Prosthetic hand working order
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Fig. 41 paper motion Fig. 42 grab motion
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Fig. 2 Spirtsseoul(2016.04.20.) 7% ZEE =l A 2re Hd o595
http://www.sportsseoul.com/news/read/382482

Fig. 3 MBC News(2018.04.20.) W} w #-& o5 oo]x|uk-- <7l 9] wp
http://imnews.imbc.com/replay/2018/nw1800/article/4587128 22625.html

Fig. 4 Basic function required for the Prosthetic Hand Ge un-s i kShi (Kumoh National Institute of

Technology) Engi ne e r i ngDe s i gnofPr os t he t i cHand us i nga3D Pr i nt e
Fig. 5 Functional Hand Application number 1020050030574
http://kpat.Kkipris.or.kr/kpat/biblioa.do?method=biblioFrame
Fig. 6 finger joint of link structure Mikyeong Moon(Dongseo University) Development ofCustomized Prosthetic
Hand Using 3D Printing
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