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LAMPIRAN
Lampiran 1 Data Sampling Perhitungan Kecepatan Robot

a. Data sampling kecepatan robot pada skenario 1 Lingkungan Dinamis

Time Linear Speed (m/s) Angular Speed (rad/s)
1 0,219999999 -0,057435896
2 0,219999999 -0,073846154
3 0,219999999 -0,073846154
4 0,219999999 -0,073846154
5 0,219999999 -0,073846154
6 0,219999999 -0,057435896
7 0,219999999 -0,057435896
8 0,219999999 -0,057435896
9 0,219999999 -0,024615385
10 0,219999999 -0,008205128
11 0,219999999 -0,008205128
12 0,196842104 0,008205128
13 0,219999999 0,254358977
14 0,219999999 0,254358977
15 0,219999999 0,270769238
16 0,196842104 0,303589731
17 0,196842104 0,28717947
18 0,219999999 0,237948716
19 0,219999999 0,172307685

20 0,219999999 0,123076923

21 0,196842104 0,106666662

22 0,196842104 0,057435896

23 0,196842104 0

24 0,17368421 -0,073846154
25 0,17368421 -0,073846154
26 0,196842104 -0,139487177
27 0,17368421 -0,155897439
28 0,17368421 -0,172307685
29 0,196842104 -0,188717946
30 0,17368421 -0,139487177
31 0,17368421 -0,139487177
32 0,17368421 -0,139487177
33 0,17368421 -0,123076923
34 0,17368421 -0,106666662
35 0,17368421 -0,090256408
36 0,17368421 -0,090256408
37 0,17368421 -0,041025639
38 0,17368421 -0,041025639
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39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

0,17368421
0,17368421
0,17368421
0,17368421
0,17368421
0,17368421
0,17368421
0,17368421
0,17368421
0,150526315
0,150526315
0,150526315
0,150526315
0,150526315
0,150526315
0,150526315
0,150526315
0,150526315
0,150526315
0,150526315
0,150526315
0,150526315
0,150526315
0,12736842
0,150526315
0,150526315
0,150526315
0,150526315
0,150526315
0,150526315
0,150526315
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842

0,024615385
0,041025639
0,024615385
0,024615385
0,008205128
0,008205128
-0,057435896
-0,057435896
-0,057435896
-0,041025639
-0,057435896
0,024615385
0,008205128
0,008205128
-0,090256408
-0,106666662
-0,106666662
-0,106666662

0

0
0,008205128
0,024615385
0,024615385
0,041025639
-0,057435896
-0,008205128
-0,008205128
-0,008205128
-0,057435896
-0,008205128
-0,008205128
-0,057435896
0,024615385
0,024615385
0,024615385
0,024615385
0,024615385
-0,090256408
-0,106666662
-0,106666662
-0,106666662
-0,106666662

0
0,008205128
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83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842
0,12736842

0,008205128
0,024615385
0,024615385
0
-0,106666662
-0,008205128
-0,008205128
-0,008205128
-0,008205128
-0,106666662
-0,106666662
-0,123076923
-0,008205128
-0,008205128
0
0,008205128
0
0
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Lampiran 2 Dokumentasi Pelaksanaan Penelitian

a. Tahap Persiapan

Riset & studi literatur

Diskusi dan konsultasi

Rancang Bangun Robot
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b. Tahap Perancangan

Perancangan Awal: Redesign Kursi Roda Menjadi Waiter-Bot

Instalasi perangkat keras Waiter-Bot
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. Tahap Pengujian

Pengujian robot melakukan pivot dalam menghindari obstacle

74
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7

Pengukuran Jarak antara robot dan objek penghalang

Tampilan peta pengujian Waiter-Bot dalam RViz
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Jejak Waiter-Bot dalam pengamatan trayektori perencanaan jalur

Waiter-Bot Sedang dalam melakukan navigasi menuju misi

76
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Video Pengujian Sistem Navigasi Waiter-Bot

77



78

Lampiran 3 Kode program Waiter-Bot

Program Arduino (Low Level)

// Variabel untuk menyimpan data dari Python
int pwm left = 0;

int pwm right = 0;

int direction left = 0;

int direction right = 0;

// Pin untuk mengontrol driver motor

#include <Servo.h> // You need to include Servo.h as it is used
by the HB-25 Library

#include <HB25MotorControl.h>

6;
7;

const byte controlPinL

const byte controlPinR
HB25MotorControl motorControlL (controlPinL) ;
HB25MotorControl motorControlR (controlPinR);

void setup() {
motorControlL.begin () ;

motorControlR.begin () ;

// Inisialisasi Serial

Serial.begin (57600) ;

void loop () |
// Jika ada data yang diterima dari Python

if (Serial.available()) {
// Membaca data dari Serial
String input = Serial.readStringUntil ('\n');

input.trim();

lemisahkan data menjadi PWM kiri, arah kiri, PWM kanan, dan

1an
separatorl = input.indexOf(',"');
separator?2 = input.indexOf(',', separatorl + 1);
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int separator3 = input.indexOf(',', separator2 + 1);

pwm left = input.substring(0, separatorl).toInt();

direction left = input.substring (separatorl + 1,
separator?2) .toInt () ;

pwm_ right = input.substring(separator?2 + 1,

separator3) .toInt (),

direction right = input.substring(separator3 + 1).toInt();

// Mengontrol motor
motorControlL.moveAtSpeed (pwm left);
motorControlR.moveAtSpeed (pwm_ right);

Ros_serial _encoder
/%
* Author: Automatic Addison
* Website: https://automaticaddison.com

* Description: ROS node that publishes the accumulated ticks for

each wheel
* (right ticks and left ticks topics) using the built-in encoder
* (forward = positive; reverse = negative)

*/
#include <ros.h>
#include <std msgs/Intl6.h>

// Handles startup and shutdown of ROS

ros: :NodeHandle nh;

// Encoder output to Arduino Interrupt pin. Tracks the tick count.
#define ENC_IN LEFT A 2
ENC_IN RIGHT A 19

- encoder output to Arduino to keep track of wheel direction

<s the direction of rotation.
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#define ENC_IN_LEFT B 3
#define ENC IN RIGHT B 18

// True = Forward; False = Reverse
boolean Direction left = true;
boolean Direction right = true;

// Minumum and maximum values for 16-bit integers
const int encoder minimum = -32768;

const int encoder maximum = 32767;
// Keep track of the number of wheel ticks
std msgs::Intl6 right wheel tick count;

ros::Publisher rightPub ("right ticks", &right wheel tick count);

std msgs::Intl6 left wheel tick count;
ros::Publisher leftPub("left ticks", &left wheel tick count);

// 100ms interval for measurements

const int interval = 100;
long previousMillis = 0;
long currentMillis = 0;

// Increment the number of ticks

void right wheel tick() {

// Read the value for the encoder for the right wheel
int val = digitalRead(ENC_IN RIGHT B);

if(val == LOW) {

Direction right false; // Reverse

}

else {

Direction right = true; // Forward

irection right) {

(right wheel tick count.data == encoder maximum) {
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right wheel tick count.data = encoder minimum;
}
else {

right wheel tick count.data++;

}
else {
if (right wheel tick count.data == encoder minimum)
right wheel tick count.data = encoder maximum;
}
else {

right wheel tick count.data--;

// Increment the number of ticks

void left wheel tick() {

// Read the value for the encoder for the left wheel
int val = digitalRead(ENC IN LEFT B);

if(val == LOW) {

Direction left = true; // Reverse
}
else {

Direction left = false; // Forward

if (Direction left) {
if (left wheel tick count.data == encoder maximum) {
left wheel tick count.data = encoder minimum;
}
else {

left wheel tick count.data++;

(left wheel tick count.data == encoder minimum) {
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left wheel tick count.data = encoder maximum;
}
else {

left wheel tick count.data--;

void setup () {

// Set pin states of the encoder
pinMode (ENC_IN LEFT A , INPUT PULLUP) ;
pinMode (ENC_IN LEFT B , INPUT);

pinMode (ENC_IN RIGHT A , INPUT PULLUP);
pinMode (ENC IN RIGHT B , INPUT);

// Every time the pin goes high, this is a tick

attachInterrupt (digitalPinToInterrupt (ENC IN LEFT A),
left wheel tick, RISING);

attachInterrupt (digitalPinToInterrupt (ENC IN RIGHT A),
right wheel tick, RISING);

// ROS Setup
nh.getHardware () ->setBaud (115200) ;
nh.initNode () ;

nh.advertise (rightPub) ;
nh.advertise (leftPub);

void loop () |

// Record the time

currentMillis = millis{();

// If 100ms have passed, print the number of ticks

irrentMillis - previousMillis > interval) {

7iousMillis = currentMillis;
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rightPub.publish( &right wheel tick count );
leftPub.publish( &left wheel tick count );

nh.spinOnce () ;

ROS NODE: serial _encoder_imu
/ *
* Author: Automatic Addison
* Website: https://automaticaddison.com
* Description: ROS node that publishes the accumulated ticks for
each wheel
* (right ticks and left ticks topics) using the built-in encoder
* (forward = positive; reverse = negative)

*/

#include "MPU9250.h"
#include <ros.h>
#include <std msgs/Intl6.h>

#include <sensor msgs/Imu.h>

// Handles startup and shutdown of ROS

ros: :NodeHandle nh;

// Encoder output to Arduino Interrupt pin. Tracks the tick count.
#define ENC_IN LEFT A 2
#define ENC IN RIGHT A 19

// Other encoder output to Arduino to keep track of wheel direction
// Tracks the direction of rotation.

#define ENC_IN LEFT B 3

#define ENC_IN RIGHT B 18

// True = Forward; False = Reverse
boolean Direction left = true;

Direction right = true;

num and maximum values for 16-bit integers

1t encoder minimum = -32768;
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const int encoder maximum = 32767;

// Keep track of the number of wheel ticks
std msgs::Intl6é right wheel tick count;
ros::Publisher rightPub ("right ticks", &right wheel tick count);

std msgs::Intl6 left wheel tick count;

ros::Publisher leftPub("left ticks", &left wheel tick count);

// Keep track of mpu9250 imu sensor
sensor msgs::Imu imu msg;
ros::Publisher imu pub ("imu data", &imu msg);

MPU9250 imu;

// 100ms interval for measurements

const int interval = 100;
long previousMillis = 0;
long currentMillis = 0;

//imu sensor reading
void print roll pitch yaw() {

// Baca yaw, pitch, dan roll dari MPU9250

float yaw = imu.getYaw () ; // Mendapatkan nilai yaw menggunakan
fungsi getYaw ()

float pitch = 4dimu.getPitch(); // Mendapatkan nilai pitch
menggunakan fungsi getPitch()

float roll = dimu.getRoll(); // Mendapatkan nilai roll
menggunakan fungsi getRoll ()

// Baca kecepatan sudut (angular velocity) dari MPU9250

float angular velocity x = imu.getGyroX(); // Mendapatkan nilai
kecepatan sudut pada sumbu x menggunakan fungsi getGyroX()

float angular velocity y = imu.getGyroY(); // Mendapatkan nilai
kecepatan sudut pada sumbu y menggunakan fungsi getGyroY ()

float angular velocity z = imu.getGyroZ(); // Mendapatkan nilai

in sudut pada sumbu z menggunakan fungsi getGyroZ()

ta percepatan linier (linear acceleration) dari MPU9250
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float linear acceleration x = imu.getLinearAccX () ; //
Mendapatkan nilai percepatan linier pada sumbu x menggunakan fungsi
getLinearAccX ()

float linear acceleration y = imu.getLinearAccY () ; //
Mendapatkan nilai percepatan linier pada sumbu y menggunakan fungsi
getLinearAccY ()

float linear acceleration z = imu.getLinearAccZ() ; //
Mendapatkan nilai percepatan linier pada sumbu z menggunakan fungsi

getLinearAcc?Z ()

// Isi data IMU

imu msg.header.stamp = nh.now();

imu msg.header.frame id = "imu link";

// Konversi Euler angles menjadi quaternion
float cy = cos(yaw * 0.5);

float sy = sin(yaw * 0.5);

float cp = cos(pitch * 0.5);

float sp = sin(pitch * 0.5);

float cr = cos(roll * 0.5);

float sr = sin(roll * 0.5);

float gw = cy * cp * cr + sy * sp * sr;
float gx = cy * cp * sr - sy * sp * cr;
float gy = sy * cp * sr + cy * sp * cr;

float gz = sy * cp * cr - cy * sp * sr;

// Isi data quaternion ke pesan IMU

imu msg.orientation.x = gx;
imu msg.orientation.y = qy;
imu _msg.orientation.z = gz;
imu msg.orientation.w = qw;

.angular velocity.x = angular velocity x;

.angular velocity.y angular velocity y;

.angular velocity.z = angular velocity z;
.linear acceleration.x = linear acceleration x;
.linear acceleration.y = linear acceleration y;

.linear acceleration.z linear acceleration z;
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// Serial.print("Yaw, Pitch, Roll: ");
// Serial.print (yaw, 2);

// Serial.print (", ");

// Serial.print (pitch, 2);

// Serial.print (", ");

// Serial.println(roll, 2);

// Increment the number of ticks

void right wheel tick() {

// Read the value for the encoder for the right wheel
int val = digitalRead(ENC_IN RIGHT B);

if (val == LOW) {
Direction right = false; // Reverse
} else {

Direction right true; // Forward

if (Direction right) {

if (right wheel tick count.data == encoder maximum) {
right wheel tick count.data = encoder minimum;
} else {

right wheel tick count.data++;
}
} else {
if (right wheel tick count.data == encoder minimum) {
right wheel tick count.data = encoder maximum;
} else {

right wheel tick count.data--;

ament the number of ticks

ft wheel tick() {
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// Read the value for the encoder for the left wheel

int val = digitalRead(ENC_IN LEFT B);

if (val == LOW) {

Direction left = true; // Reverse
} else {

Direction left = false; // Forward

if (Direction left) {

if (left wheel tick count.data == encoder maximum)

left wheel tick count.data = encoder minimum;

} else {
left wheel tick count.data++;
}

} else {

if (left wheel tick count.data == encoder minimum)

left wheel tick count.data = encoder maximum;

} else {

left wheel tick count.data--;

void setup () {
//set i2c connection from mpu9250
Wire.begin () ;

delay (2000) ;

if (!imu.setup(0x68)) { // change to your own address

while (1) {

Serial.println ("MPU connection

connection with “connection check’ example.");

delay (5000) ;

- pin states of the encoder

je (ENC_IN LEFT A, INPUT PULLUP);

je (ENC_IN LEFT B, INPUT);
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pinMode (ENC_IN RIGHT A, INPUT_ PULLUP) ;
pinMode (ENC_IN RIGHT B, INPUT);

// Every time the pin goes high, this is a tick

attachInterrupt (digitalPinToInterrupt (ENC IN LEFT A),
left wheel tick, RISING);

attachInterrupt (digitalPinToInterrupt (ENC IN RIGHT A),
right wheel tick, RISING);

// ROS Setup
nh.getHardware () ->setBaud (115200) ;
nh.initNode () ;
nh.advertise (rightPub) ;
nh.advertise (leftPub);
nh.advertise (imu_pub) ;
}
void loop () {
//update mpu value if there any change
if (imu.update()) {
static uint32 t prev ms = millis();
if (millis() > prev ms + 25) {
print roll pitch yaw();

prev_ms = millis();

}
// Record the time

currentMillis = millis();

// If 100ms have passed, print the number of ticks

if (currentMillis - previousMillis > interval) ({

previousMillis = currentMillis;

rightPub.publish (&right wheel tick count);
leftPub.publish(&left wheel tick count);
_pub.publish (&imu_msg) ;

spinOnce () ;
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ROS NODKE: serial imu
#include "MPU9250.h"
#include <ros.h>

#include <sensor msgs/Imu.h>
ros: :NodeHandle nh;

sensor msgs::Imu imu msg;

ros::Publisher imu pub("imu data", &imu msg);

MPU9250 mpu;

void setup () {
nh.initNode () ;
nh.advertise (imu pub) ;
Serial.begin (115200) ;
Wire.begin () ;

delay (2000) ;

89

if (!mpu.setup(0x68)) { // change to your own address

while (1) {

Serial.println ("MPU connection failed.

connection with ‘connection check’ example.");

delay (5000) ;

void loop () {
if (mpu.update()) {
static uint32 t prev ms = millis();
if (millis() > prev_ms + 25) {
print roll pitch yaw();
imu pub.publish (&imu msg) ;
nh.spinOnce () ;

prev._ms = millis();

int roll pitch yaw() {
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float yaw = mpu.getYaw();
float pitch = mpu.getPitch{();
float roll = mpu.getRoll();

imu msg.header.stamp = nh.now();

imu msg.orientation.x = roll;

imu msg.orientation.y = pitch;

imu msg.orientation.z = yaw;
Serial.print ("Yaw, Pitch, Roll: ");

Serial.print (yaw, 2);

Serial.print (", ");

Serial.print (pitch, 2);

Serial.print (", ");

Serial.println(roll, 2);
}

Kode Program Navigasi Dalam ROS (High Level)

Konfigurasi Node Perangkat Keras Robot
#!/usr/bin/env python3

import rospy
from sensor msgs.msg import JointState
from std msgs.msg import Float64

import serial

class ROBOTHardwarelInterface:
def init (self):
self.joint names = ['left wheel joint',

'right wheel joint']

self.joint positions = [0.0, 0.0]
self.joint velocities = [0.0, 0.0]
self.joint efforts = [0.0, 0.0]
self.joint velocity commands = [0.0, 0.0]

self.left motor pos = 0

self.right motor pos = 0

self.left prev cmd = 0

self.right prev cmd = 0

self.serial = serial.Serial ('/dev/ttyUSBO', 9600,
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def init (self):

rospy.init node ('robot hardware interface')

self.joint state pub = rospy.Publisher ('joint states',
JointState, queue size=10)

self.left velocity sub =
rospy.Subscriber ('left wheel joint velocity controller/command',
Float64, self.left velocity callback)

self.right velocity sub =
rospy.Subscriber ('right wheel joint velocity controller/command',

Float64, self.right velocity callback)

def left velocity callback(self, msg):

self.joint velocity commands[0] = msg.data

def right velocity callback(self, msg):

self.joint velocity commands[l] = msg.data

def read(self):
data = self.serial.readline() .decode('utf-8"').strip()
if data:
left encoder value, right encoder value = map(int,
data.split(', "))

self.joint position[0] = left encoder value

self.joint position[1] right encoder value
else:

print ("Invalid data received from Arduino")

def write(self):
left motor velocity = int(self.joint velocity commands[0])
right motor velocity =

int (self.joint velocity commands[1])

if self.left prev cmd I= left motor velocity or
yht prev _cmd != right motor velocity:
command =

motor velocity}, {right motor velocity}\n'

self.serial.write (command.encode ())
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self.left prev cmd = left motor velocity

self.right prev cmd = right motor velocity

def update (self):
joint state = JointState()
joint state.header.stamp = rospy.Time.now ()
joint state.name = self.joint names
joint state.position = self.joint positions
joint state.velocity = self.joint velocities

joint state.effort = self.joint efforts

self.joint state pub.publish(joint state)

self.read()

self.write()

def run(self):
rate = rospy.Rate(10) # 10 Hz

while not rospy.is shutdown() :
self.update ()

rate.sleep()

if name == ' main ':

robot hw ROBOTHardwarelInterface ()
robot hw.init ()

robot hw.run ()

Move Base Package

<launch>
<!-- Arguments -->
<arg name="cmd vel topic" default="/cmd vel" />
<arg name="odom topic" default="odom" />

<arg name="move forward only" default="false"/>

nove base -->

pkg="move base" type="move base" respawn="false"

>ve base" output="screen">
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<param name="base local planner"
value="dwa local planner/DWAPlannerROS" />

<rosparam file="$ (find
autonomus_mobile robot)/param/costmap common params.yaml"
command="load" ns="global costmap" />

<rosparam file="$ (find
autonomus_mobile robot)/param/costmap common params.yaml"
command="load" ns="local costmap" />

<rosparam file="$ (find
autonomus_mobile robot)/param/local costmap params.yaml"
command="1load" />

<rosparam file="$ (find
autonomus _mobile robot)/param/global costmap params.yaml"
command="1oad" />

<rosparam file="$ (find
autonomus_mobile robot)/param/move base params.yaml"
command="1load" />

<rosparam file="$ (find
autonomus_mobile robot)/param/dwa local planner params.yaml"
command="1load" />

<remap from="cmd vel" to="$(arg cmd vel topic)"/>

<remap from="odom" to="$(arg odom topic)"/>

<param name="DWAPlannerROS/min vel x" wvalue="0.0" 1if="$(arg
move forward only)" />

</node>

</launch>

Global Costmap
global frame: map
rolling window: false

track unknown space: true

plugins:
- {name: static, type: "costmap 2d::StaticLayer"}
- {name: inflation g, type: "costmap 2d::InflationLayer"}
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Local Costmap

global frame: odom
rolling window: true
width: 1.5

height: 1.5

plugins:

- {name: obstacles laser, type:
"costmap 2d::0ObstacleLayer"}

- {name: inflation 1, type:

"costmap 2d::InflationLayer"}

Algoritma DWA Local Planner

# Robot Configuration Parameters
max vel x: 0.4

min vel x: -0.4

max vel y: 0.0

min vel y: 0.0

# The velocity when robot is moving in a straight line
max vel trans: 0.4

min vel trans: 0.3

max vel theta: 0.4
min vel theta: 0.3

acc_lim x: 2.5
acc_lim y: 0.0

acc_lim theta: 3.2

# Goal Tolerance Parameters
xy goal tolerance: 0.05
yaw _goal tolerance: 0.17

latch xy goal tolerance: false

rd Simulation Parameters

ime: 2.0

nples: 20
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vy samples: 0
vth samples: 40

controller frequency: 10.0

# Trajectory Scoring Parameters
path distance bias: 32.0
goal distance bias: 20.0
occdist scale: 0.02
forward point distance: 0.325
stop_time buffer: 0.2
scaling speed: 0.25

max scaling factor: 0.2

# Oscillation Prevention Parameters

oscillation reset dist: 0.05

# Debugging
publish traj pc : true
publish cost grid pc: true

Kode Program ROS: base_local_planner_params.yaml

TrajectoryPlannerROS:

# Robot Configuration Parameters
max vel x: 0.18

min vel x: 0.08

max _vel theta: 1.0
min vel theta: -1.0

min in place vel theta: 1.0

acc_lim x: 1.0
acc lim y: 0.0

acc_lim theta: 0.6

Tolerance Parameters
1l tolerance: 0.10

>al tolerance: 0.05
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# Differential-drive robot configuration

holonomic_robot: false

# Forward Simulation Parameters
sim time: 0.8
vx samples: 18
vtheta samples: 20

sim granularity: 0.05
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