3D Print Prosthetic Arm
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【Abstract】With the development of technology, people are increasingly inclined to
use mechanical products to replace specific tasks, or to increase work efficiency and
completion. Because the hand, as one of the most important organs of human beings,
has extremely strong functionality, the manufacture and perfection of manipulators
has naturally become a focus of research. While prosthetic hands for adults have been
researched for a long time, at present, there are not many mechanical prosthetic hands
specially customized for children, because children have a lot of different
characteristics from adults. The normal method of detecting muscle signals doesn’t
show a good effect on children, because children are easily tired and produce chaotic
muscle signals. What’s worse, the low acceptance of children also urges for a new
type of prosthetic arm specified for children.
This project aims to develop a specific type of mechanical hand that can meet the
following requirements. Firstly, because the target population of this product is all the
children with arm disabilities, it should be produced at low cost, so that even a normal
family can afford it. Secondly, the functions may be adjusted to fit the low cost, but it
must remain practical for daily life. What’s more, a simple and easy-to-understand
operation method that is suitable for children is needed.
The final product is a mechanical arm 3D printed with resin material. Based on
some characteristics of children, including fatigue, low acceptance rate and
naughtiness, the prosthetic arm should also be altered. We have to make the overall
weight of the arm smaller and design the appearance more similar to a real human
arm. Comparing existing controlling methods and corresponding cost, the main
control system is determined to be Bluetooth remote control. Besides, the addition of
many accessibility such as automatic grip and parental control ensures that children
will not be disturbed by the difficulty of use. If the automatic mode is activated, the
fingers will close to grip the object when the front sensor detects things inside the
hand. This prosthetic arm also has a security mechanism which allows parents to
control the arm remotely. As a result, the risk of injury or making unexpected serious
mistakes is greatly reduced.
In the experience we did, the prosthetic arm has the ability to hold a maximum
weight of 482g. According to the normal sizes and weight of toys and daily
necessities, this grabbing ability is capable of dealing with daily things for a child.
Due to the width and the length of fingers, small objects, such as pens and needles,
must be between the outermost knuckles so that the fingers can have enough power to
hold it.
Keywords: 3D Print, Prosthetic Arm, Low Cost, Flexible TPU Material, Linear
Drive, Children Use

1 Project Background
1.1 Society Status
Researches have shown that 0.3 - 1 out of every 1,000 babies have congenital
disability, and amputations caused by acquired injuries or tumors are not rare as well.
All these data show the large requirements and importance of prosthetic arms for
children. However, it is difficult to find a prosthesis that can fit children’s needs.
Although prostheses for children have been studied since a long time ago, the
majority of prostheses nowadays are still made for adults. Some popular types of
prostheses available now are based on new technologies like surface
electromyography detection and even mind control, but these technologies are not
suitable for children's use. This is due to children’s relatively low receptivity and
adaptability. Thus, a prosthetic hand with appropriate appearance, size and operating
system specially designed for children is necessary.
1.2 Existing Control Method
1.2.1 Mind-Control Prostheses
This kind of prosthesis is famous for its convenience because only a simple
thought can let the prostheses start to move just like real arms. On the contrary, this
kind of prosthetic arms have three significant drawbacks that make it impossible for
normal children to use. First, because it is a brand new technology that is still in the
experimental stage, the cost is not acceptable for most families. This contradicts the
low cost target. What’s more, even an adult needs a long time of training to get
familiar with this kind of mechanical hand, so it will absolutely not be suitable for
children. Third, children usually have more active thoughts than adults, and they
cannot control their thoughts so well, so chances are high that they will make
unexpected behaviors and cause injuries.
1.2.2 Surface Electromyography-Controlled Arm
The second controlling method is based on surface electromyography (sEMG), a
technology that can detect and analyze the electrical activity of surface groups of
muscles. Then the prosthetic hand can react depending on the motion detected. This
seems to be an appropriate way for children to control the hand, because surface
electromyography can be generated unconsciously, which means children don’t need
to learn about it. However, children are lively and always move around, so they tend
to get tired more easily than adults. When children are tired, their surface EMG signal
starts to become chaotic and fuzzy, disturbing the detection. What’s worse, children
often don’t have the ability to correctly respond to emergencies.
1.3 Research Status
1.3.1 An EMG Controlled 3D-Printed Prosthetic Arm[14]
A group of scholars from Independent University in Bangladesh found that the
price of EMG controlled prosthetic arm starts from 100000 BDT, which is too high
for most people of Bangladesh. As a result, they developed an EMG prosthetic arm
that is 3D printed with low cost.

1.3.2 Development of Speech Control For Robotic Hand[18]
Ismoyo Haryanto, Mochammad Ariyanto, Wahyu Caesarendra and Hadianto K.
Dewoto developed a robotic hand to real-time process voice data collected and control
the hand accordingly. The accuracies in both normal and noisy situations are tested to
be high.
1.3.3 Development of Continuum Robot Arm and Gripper[15]
A group of scholars from Japan and Kazakhstan created a new wire-driven
discrete continuum robot for tomato harvesting. It has the ability to work in extremely
constraint spaces and a special process to detect tomatoes.
1.3.4 Analysis
Now in the market, most prosthetic arms are either for adults or for business.
They are expensive and not suitable for children. Thus, a prosthetic arm with low cost
and specialized for children is needed.

2 Problem Analysis
2.1 Existing Problems
Problem 1：In order to make the mechanical arm easier to use, we need to build a
model of the arm based on experimental data that is measured or tested. The length,
the number of fingers and angles need to be specified before we print the real
mechanical arm.
Problem 2：Considering the ability and instability of children, we have to choose
a suitable set of operation steps, because sometimes children cannot use some
functions as proficiently and easily as adults as well as emergency treatments.
Problem 3：There are several common materials for 3D printing and they all have
different characteristics. Based on the functions of each part of the prosthetic arm,
choosing appropriate materials will make the arm more efficient and stable.
Problem 4：How many fingers do we need in order to have the strongest power
under the premise of low cost and limited space? Other things to figure out about
fingers are the structures and distributions. We need a structure that can curve and be
as precise as possible.
2.2 Problem Solving
Problem 1
The first thing to be determined is the overall size of the mechanical arm. We
measured and used the size and shape of normal children’s arms and hands, so that
children can better adapt to mechanical arms. Next, we used paper strips and a
Rubik’s cube to simulate the fingers and hand. We changed the length of paper strips
in order to find the length that can provide the best grab ability. We also prepared
three groups of fingers with different length and width, so that we can install them on
the hand in the experiment and determine the group with the strongest grabbing
ability. Finally in the experiment, we proved that the group of 10.5 cm long fingers
and a 6.5 cm thumb will have the largest power.
Problem 2
We analyzed the advantages and disadvantages of two operating systems.

The second controlling method is based on surface electromyography. This
seems to be an appropriate way for children to control the hand, because surface
electromyography can be generated unconsciously, which means children don’t need
to learn about it. However, children are always moving around and they are easier to
get tired than adults. When children are tired, their surface EMG signal starts to
become chaotic and fuzzy. What’s more, even the most basic prosthetic arms with
EMG control will cost from five thousand to ten thousand dollars.
Finally, we decided to use the combination of a program of automatic motion
and remote control. The function of automatic grasp and looseness ensures
convenience in daily usage. Remote control works in more detailed motions and can
also serve as an emergency treatment. Simpler design produces less cost. We can
reduce the complexity of the inner structure, and the cost will decrease
correspondingly.
Problem 3
The main part of the arm, which is the forearm and hand, must be hard enough to
resist impact and protect circuits inside. I chose to use hard UV resin, which can
provide enough hardness with low cost. As for the finger, it must be tough but
bendable. Through researching and comparison, I used TPU material, which can fit all
the requirements. TPU material is a type of flexible material that has many properties
including strength, shock resistance and high elasticity. I also made some fingers with
silica gel and compared them with fingers made of TPU material. As a result, TPU
materials have relatively better physical properties and obvious advantages on forms
of expression. This is because there are a lot more processing techniques, such as 3D
embossing and electroplating, that can be used on TPU materials than on silica gel. In
addition, the cost of silica gel is higher than the cost of TPU materials due to the rarity
and complex production process of silica gel.
Problem 4
We need a finger structure that can curve and be as precise as possible. We
tested and found that a single piece of material cannot curve much. If we split it into
two parts, it will be able to curve but not to cover the object, so the grabbing ability is
not satisfying. Finally, we designed the structure to be divided into three knuckles just
like human fingers, so that it can produce the largest power.
The distribution is also considered and designed. If the three fingers are evenly
distributed with a spacing of 120°, users will not be able to reach objects in narrow
places, such as the TV remote control under the sofa and so on. This distribution is
not so suitable for daily use. Thus, we designed two long fingers on one side of the
purlicue and the short finger (thumb) on the other side. This way, both usability and
concision are ensured.

3 Devices Used
3.1 Arduino Nano

Figure 3.1 Arduino Nano

Arduino Nano is a micro controller board consisting of 22 digital pins (6 of these
are PWM), 8 analog pins, a USB-C pin and reset button. When it is connected to a
computer using the USB-C pin, we can update programs to it. Then we can connect
the board to other devices and control the whole system. A 12V battery is used to
power it.
3.2 L298N Motor Drive Controller Board

Figure 3.2 L298N Motor Drive Controller Board

The L298N module consists of 4 input pins, 2 pairs of pins to control motors and
3 power supply pins. In this project, we use it to drive two linear actuators.
3.3 Hc-06 Wireless Bluetooth Serial Transceiver Support Module

Figure 3.3 Hc-06 Wireless Bluetooth

The HC-06 Bluetooth Module can provide wireless Bluetooth connection. We
can set up a serial port for the module that matches the other device and transfer data.
In this project, I created a Bluetooth server in App Inventor that can connect to this
Bluetooth module to achieve our goal of remote control.

3.4 Linear Actuators

Figure 3.4 Linear Actuators

The forward part of the linear actuator has a small hole in order to fix things on it.
Then when it is extended or pulled back, there will be a linear force exerted on the
object connected to it. There is also a hole on the other end of the linear actuator so
that the installation will be more convenient. In this project, we installed two linear
actuators that separately control the thumb and the other two long fingers. Thin strings
are connected to the forward part to control the fingers.
3.5 Servo Motor

Figure 3.5 Servo Motor

The servo motor used is a continuous servo. There are four holes distributed on
the two sides prepared for installation. Once activated, the motor will rotate to the
angle set in the program. In this project, pressing the controlling button will make the
servo rotate to one direction with constant speed. Then a L-shaped component
connected on the servo will change the direction of the force and rotate the hand.

Figure 3-6 Circuit Installation

4 Mechanical Structure
4.1 Arm Structure
The shape of the arm is designed to be taper from the upper arm to the forearm,
ensuring the stability of the arm. In addition, the similarity of the prosthesis and real
arm can make children relieved and increase their acceptance of it.
The material used to build the arm is (photosensitive resin). There are several
reasons why I choose this material. First, the basic requirement of a mechanical arm is

hardness, as it has to be able to withstand impact, squeeze, and some more extreme
situations such as falling down and so on. The toughness of photosensitive resin can
perfectly support daily use. What’s more, as one of the most common 3D printing
materials, it also gives the arm high convenience and low cost, which is favorable to
the goal of cost-saving effective prosthesis.
The whole electronic system is placed inside the arm. There is one servo
connected to the hand and two linear actuators controlling the fishing lines in the
fingers. Besides, there is a motor drive module to control actuators and a Bluetooth
transceiver to receive commands during remote controlling.

Figure 4-1 Arm Structure

4.2 Hand Structure
The shape of the hand is approximately a cuboid with rounded edges. On one
hand, this design imitates the shape of our real hand to ensure the protection and
acceptance of children; On the other hand, the rounded edges will absolutely make it
safer.
One side of the cuboid is cut off to form a curve just like the purlicue, so that the
hand can hold larger items. There are three rectangular holes on the two sides of the
curve that fit the size of the fingers for later installation. The end of each finger will
be inserted into the holes and fixed between the small rectangular boards shown in the
graph.
Besides, another hole is prepared in the purlicue for a sensor. The sensor will
control the whole automation function.

Figure 4-2 Hand Structure

4.3 Wrist Junction
In order to connect the hand and the arm, I designed an “L” shape structure
inside the hand and a servo attached to another “L” shape component in the arm
connected to it with four screws. This structure can change the direction of the force

from the servo in order for the hand to rotate and keep the stability of the prosthesis
even during hand rotations. The servo is fixed in a structure inside the arm with two
screws. Each connection point between the shell and the structure is extended slightly
in order to reduce stress concentration and make it more stable.
The servo can rotate the whole hand up and down to deal with more complex
tasks.

Figure 4.3 Hand and wrist structure model

4.4 Finger Structure
Based on the fixed width of the hand, there are three fingers designed. Two of
the fingers and the thumb are placed on the two sides of the purlicue.
The thumb is made of three parts: upper finger, finger basis and a fine fishing
line. The first two parts are made of materials with different hardness and are
connected together, and the fishing line passes through the two small holes on the
finger. There are two knuckles designed on the upper finger to make the fingers better
curved to adapt the shape of the object..
The other two fingers have three knuckles instead of two. These fingers are the
ones that cover large objects to prevent them from falling.
We designed three sizes of each finger to find the one with the best grip ability,
but the ends of the finger bases are of the same size, so that they can all be stalled into
the hand.
When the linear actuators in the arm are activated, the fishing lines are tightened,
exerting a large pulling force to make fingers bend, and then they can grab the object.

Figure 4-4 Finger Structure

5 Controlling Method
5.1 Bluetooth
In order to maintain the convenience of the prosthetic arm, remote control is
absolutely needed. I used the Hc-06 Bluetooth Transceiver Module that can be
connected to the Arduino Nano board to achieve this goal. When a specific signal is
received, the arm will work accordingly.
As the main method for parents to do remote control, a supporting application is
designed through the MIT app inventor. This is an online website where people can
make their own simple apps and download it with QR codes. There are several
bottoms including rotating arms, grabbing, leaving hold of the object and so on. Once
users press one of them, the mechanical arm will move correspondingly. These words
can even be replaced by more understandable pictures for children, so that young
users can access the arm easily.
Besides the use of controlling the prosthetic arm, the Bluetooth system can also
work as a general control system. It can help users to activate or turn off other
controlling methods while in certain situations.
5.2 Automatic grip
In cases such as going out for shopping, turning off the light and so on, the
Bluetooth control will work perfectly. However, there are also situations when a child
needs to use their hands frequently. For example, when a child is playing with toys, it
is really inconvenient for his parents to stay around and click the button continuously.
As a result, I added an automatic grip function.
On the app that I designed, there is a button that controls the activation of this
automatic grip function. Once the function is activated, a sensor installed in the
purlicue will start to detect if there is an object inside the hand. If it detected a
distance smaller than 10 cm, the linear actuators would pull the strings connected to
the fingers back, so that fingers would be tightened and grip the object. Different from
the Bluetooth control method, this automation function aims at the convenience and
situations that users need to frequently use the arm.

6 Experiment
6.1 Experimental design
In order to test whether the manipulator can grasp the object accurately and keep
it from falling when grasping different objects, it is necessary to select objects of
different materials and shapes and weights for the grasping test. Twenty items
commonly used in life and production were selected in this study. The material and
shape as well as the weight of each item are different, and their volume difference is
large, which can fully test the grasping ability of the manipulator.
In the experiment, if it is found that the manipulator is difficult to grasp some
object, the shape characteristics of the object can be analyzed, and the finger length of
the manipulator is modified so that the manipulator can adapt to more object shapes
and improve the adaptability of the manipulator to various objects.

Manipulator has the maximum grip strength, so it is necessary to test the grip
strength of the manipulator of each finger length, to get the maximum grip strength of
each manipulator. The test method is to find a cylindrical container suitable for the
manipulator to grasp, and then constantly add the counterweight block in the
container, the manipulator constantly grasps the container and add counterweight
block in the container after a successful grasp, so that to find the maximum weight
that the manipulator can grasp.
The criterion for success is a successful grasp 10 centimeters off the table and
hold for at least 10 seconds. For all grasping experiments, all objects selected will
grasp five times, and the success rate can be obtained by the number of successful
grasps.
6.2 Result and discussion
6.2.1 Object grasping experiment
For this part of the experiment, the long finger is 10.5cm and the short finger is
6.5cm. The item and test information are shown in Table 1.

Table. 1 Item and test information
Item
number

Item name

Weight
(g)

1

Snacks

65.6

100%

2

Paper cup

4.5

100%

3

Color pen box &
Color pen

64.1

100%

Image

Image of grasping

Success
rate

4

Remote control

58.8

100%

5

Power plug

46.6

100%

6

Mouse

67.9

100%

7

Headphone cover
& Headphone

102.5

100%

8

Eraser

29.8

100%

9

Screwdriver

32.0

100%

10

Tennis ball

60.0

100%

11

Toy villain

11.5

100%

12

Packaging tape

182.5

100%

13

Hammer

48.5

80%

14

Whiteboard
marker

12.1

80%

15

Battery

47.0

60%

16

Weight

10

N/A

0%

17

Gear

20.7

N/A

0%

18

Screw

1.8

N/A

0%

19

Scissors

45.0

N/A

0%

20

Globule

3.5

N/A

0%

It can be seen from the table that the manipulator can grasp the object with larger
volume and higher surface roughness. The performance of the manipulator is still
very stable for objects with small volume but complex shape and have points of force.
For small volume, large weight and smooth surface of the object, the performance of
the manipulator is unstable, the success rate is not very high. For small, flat objects,
the manipulator with this finger-length is almost impossible to grasp.
Analysis of the main reason is that the adaptable volume range of the
manipulator is limited, due to the length and thickness of the fingers. For the diameter
range that the manipulator is adapted to, the manipulator is very easy to grasp. For the
object that is too large, it is obviously beyond the range that can be grasped, so it is
not within the scope of experimental consideration. For objects with smaller diameters,
the manipulator can only grip objects through the fingertips, not only the force surface
is greatly reduced, but also because of the small thickness of the fingers, there are
great difficulties in clamping some small objects.
6.2.2 Upgrade grasping experiment
In order to improve the performance of the manipulator, it is necessary to modify
the length of the finger of the manipulator and use the manipulator with shorter finger
length to grasp the object with low success rate before, so as to test the influence of
different finger lengths on the grasping effect. The test information is shown in Table
2.
Table. 2 The test information
Item
number

Long finger
Length

Short finger
Length

13

8.5

6.5

80%

8.5

5.5

60%

Image

Image of
grasping

Success
rate

14

15

16

17

18
19

8.5

6.5

100%

8.5

5.5

100%

8.5

6.5

80%

8.5

5.5

80%

8.5

6.5

40%

8.5

5.5

20%

8.5

6.5

60%

8.5

5.5

60%

8.5
8.5
8.5

6.5
5.5
6.5

8.5

5.5

N/A

0%

N/A

0%

20

8.5

6.5

8.5

5.5

N/A

0%

This can be obtained from Table 1 that it is not just that shorter fingers make it
easier to grip small objects. In comparison, the two manipulators with shorter fingers
have better performance for small objects than before. Manipulator long fingers and
short fingers need to have a good match in order to grasp the object to play a
maximum role.
As can be seen from table 2 that the last three items were not successfully
grasped by the manipulator with three different finger lengths. The diameter of item
18 (screw) is very small (3mm). If it is placed on the table, it is difficult for the
manipulator to grasp it, so it cannot be grasped successfully. Item 19 (scissors) is not
as small as screw, but scissors is a flat object, and the weight of scissors is much
heavier than screw, so the manipulator is unable to grasp because the force surface is
very small. The weight of item 20 (globule) is light, and the volume is not the smallest,
but the surface of the globule is very smooth, so the friction is very small. The force
surface of the manipulator is also small when grasping and the ball will always slide
out from between the fingers of the manipulator, so the grasp is unsuccessful. In the
future improvement plan, the thickness of the finger can be increased, and the fingers
using more friction materials to make can increase the success rate of grasp.
6.2.3 Manipulator grip force test
The maximum grasping weight of the manipulator with three different
configurations is obtained through the test, and the results are shown in Table 3.
Table. 3 The maximum grasping weight test results
Manipulator
number

Long
Short Maximum
finger finger
grasp
Length Length weight (g)

1

10.5

6.5

482.0

2

8.5

6.5

375.8

Image of weight

Image of grasping

3

8.5

5.5

453.2

In this test, the bending degree of each manipulator is set to be just enough for
the fingers to touch each other back, so that they can not only grasp objects but also
clamp objects, which is a reasonable setting for each manipulator. From Table 3 can
be found that the longest finger manipulator grasp force is the largest, but out of the
middle finger length manipulator grasp force is the smallest.
The longest finger length manipulator because of the bearing surface of the
container is larger so to be able to grasp the object of maximum weight. The shortest
finger length manipulator due to the high tensity of two parts of fingers when gripping,
it can also grasp the heavier objects. The middle length finger manipulator has good
adaptability to the objects however the grasp strength needs to be improved.

7 Conclusion
7.1 Result
In the experiment, the app I made can successfully connect to the Bluetooth
module in the arm and control the motions of the arm. After I activate the automation
program, the fingers can grip objects that come close to the sensor until the stop
command is sent.
The maximum gripping ability is tested to be 482g using standard masses. This
can offer users the ability to do most daily tasks. What’s more, the hand can freely
rotate up and down with constant speed as designed. Linear actuators provide enough
energy to pull the three fingers back complete until they collide together to hold small
objects.
The materials we used, which are photosensitive resin and flexible TPU material,
are common for 3D printing. Thus, the cost is greatly reduced.
To conclude, all the goals of this project is achieved, so this new 3D printed
prosthetic arm for children use is developed.
7.2 Future Outlook
Although the prosthetic arm can handle most everyday events, it does not have
the ability to grasp very heavy objects. Through analysis, I think it is because the
surface friction force is not strong enough. In the future, adding an extra layer of
materials with larger friction coefficient will greatly improve this shortcoming.
Due to some modeling errors and abrasion, the connection part between the hand
and the arm is not very stable. When rotating the hand, it will shake, which affects the
use of the prosthetic arm. To improve, I can design a model with more accurate
parameters and several more screw holes in different places in order to fix it.
Besides the existing two control methods, I can also add speech-control system.
Even a child can speak to manipulate the hand. This will make the operating system

more convenient and diverse. To achieve this function, all I need to do is to installing
a speech recognition module and program for it.
In order to let the hand rotate freely to more directions and complete more
complicated tasks, the twist structure can be improved. Simply add a component to
rotate the servo is feasible, and it can also follow the RBR structure, which is
composed with two rotation axes and one swing axis.
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9 Controlling Program:
#include <Servo.h>
#include <SoftwareSerial.h>
SoftwareSerial ARM(8, 9);
int a = 90;
int i;
int distance;
int b = 7;
int grasp_flag = 0;
Servo myservo;
#define TRIG 11
#define ECHO 12
void receive()
{ if (ARM.available() > 0)
{ // Serial.println()
i = ARM.readString().toInt();
// Serial.println(i); }
}
void iflist()
{ Serial.println(i);
if (i == 1) // linear actuator activation to grip
{

Serial.println("BRANCH 1");
digitalWrite(3, HIGH);
digitalWrite(4, LOW);
digitalWrite(5, LOW);
digitalWrite(6, HIGH);
delay(1800);
digitalWrite(3, LOW);
digitalWrite(4, LOW);
digitalWrite(5, LOW);
digitalWrite(6, LOW);
i=10;
grasp_flag = 1; }

if (i == 2) // loose fingers
{

Serial.println("BRANCH 2");
digitalWrite(3, LOW);

digitalWrite(4, HIGH);
digitalWrite(5, HIGH);
digitalWrite(6, LOW);
grasp_flag = 0; }
if (i == 3)
{

for (a; a >= 0; a--)
{

receive();
if (i == 4)
{

break;

}

myservo.write(a);
delay(10); }
}
if (i == 5)
{

for (a; a <= 180; a++)
{

receive();
if (i == 6)
{

break;

}

myservo.write(a);
delay(10); }
}
}
void setup()
{ // put your setup code here, to run once:
pinMode(3, OUTPUT);
pinMode(4, OUTPUT);
pinMode(5, OUTPUT);
pinMode(6, OUTPUT);
pinMode(ECHO, INPUT);
pinMode(TRIG, OUTPUT);
ARM.begin(9600);
Serial.begin(9600);
myservo.attach(7);}
void loop()
{ int Rmoate = 400;//analogRead(A0);
// Serial.println(Rmoate);
if (Rmoate < 300 && grasp_flag == 0)
{

digitalWrite(3, HIGH);
digitalWrite(4, LOW);
digitalWrite(5, LOW);
digitalWrite(6, HIGH);
grasp_flag = 1; }

// put your main code here, to run repeatedly:

receive();
if (i == 7)
{

b = 2; }

if (i == 8)
{

b == 7; }

if (b == 2)
{

digitalWrite(TRIG, LOW);
delayMicroseconds(20);
digitalWrite(TRIG, HIGH);
delayMicroseconds(20);
digitalWrite(TRIG, LOW);
distance = pulseIn(ECHO, HIGH) * 340 / 2 / 10000;
Serial.println(distance);
if (distance < 0)
{

digitalWrite(3, HIGH);
digitalWrite(4, LOW);
digitalWrite(5, LOW);
digitalWrite(6, HIGH);

iflist(); }
if (b == 7)
{
}

iflist(); }

}

