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GLOSSARY
F1Tenth: Scaled down F1 racing car in 1:10 scale.

Autonomous Vehicle (AV): Self-driving vehicle that operates without human

intervention, using sensors and Al for perception, decision-making, and control.

Espressif 10T Development Framework (ESP-1DF): Open-source software
development framework for building applications on ESP32 and ESP8266

microcontrollers.

Free Real-Time Operating System (FreeRTOS): It is an open-source, lightweight
OS for embedded systems with real-time requirements, enabling reliable and

responsive applications.

Firmware: Embedded software in electronic devices that controls hardware

functionality.

Robot Operating System 2 (ROS 2): Open-source framework for building robot

applications, enabling communication and control of robotic systems.

Micro-ROS: Lightweight ROS implementation for microcontrollers, enabling

distributed communication and control in small-scale robotic devices.

General Purpose Input Output (GP10): Programmable pins on

microcontrollers/computers for versatile connection and control of external devices.

UDP transport: Lightweight, connectionless protocol for fast communication, used

in real-time applications where speed is prioritized over reliability.

Secure Shell (SSH): SSH is a cryptographic network protocol that provides a secure
and encrypted means of connecting to remote servers or devices over an insecure

network.

Light Detection and Ranging (LIDAR): LIDAR is a remote sensing technology that
uses laser light to measure distances and create detailed 3D maps of the surrounding

environment.
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Mini-PC: A compact and small-sized personal computer that is designed to provide

functionality similar to a traditional desktop computer while occupying less space.

ESP32: Low-power, dual-core microcontroller with Wi-Fi, Bluetooth, and extensive
peripheral support, widely used for 10T applications.

Electronic Speed Controller (ESC): An Electronic Speed Controller is a device used
to control the speed and direction of an electric motor, commonly found in

applications such as drones, RC cars, and electric vehicles.

Battery Eliminator Circuit (BEC): An electronic circuit commonly used in RC
(radio control) applications to provide regulated power to the receiver and other low-

power components without the need for a separate receiver battery.

Wall Following: A navigation technique commonly used in robotics and autonomous
systems where a robot or vehicle maintains a certain distance or parallel alignment

with a nearby wall or obstacle while moving along a path.

Follow the Gap Method (FGM): The Follow the Gap Method is a navigation for
obstacle avoidance used in robotics and autonomous systems to drive through
environments by following open spaces or gaps between obstacles.

LIDAR Filter: Algorithm or technique used to refine raw LIDAR data by removing
noise and outliers, enhancing accuracy and reliability for applications such as object

detection and mapping.
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APPENDIX A - DATASHEET

Instruction & Setup Manual
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ESP32 Specs

32-bit Xtensae dual-core @240MHz

Wi-Fi IEEE 802.11 b/g/n 2.4GCHz

BLuetooth 4.2 BR/EDR and BLE

520 KB SRAM (16 KB for cache)

448 KB ROM

34 GPIOs, 4x SPI, 3x UART, 2x I2C,

2x I2S, RMT, LED PWM, 1 host SD/eMMC/SDIO,

1 slave SDIO/SPI, TWAIe, 12-bit ADC, Ethernet
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PWM Capable Pin
—_ GPIO Input Only
@IS GPIO Input and Output
DAC.X" Digital-to-Analog Converter
DEBUG  JTAG for Debugging
FLASH ' External Flash Memory (SP1)
Analog-to-Digital Converter
Touch Sensor input Channel
@050 Other Related Functions
@S Serial for Debug/Programming
Arduino Related Functions
Strapping Pin Functions
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WPU: Weak Pull-up {Internal)
WPD: Weak Pull-down (Internal)
PU: Pull-up (External)

1E: Input Enable (After Reset)

1D: input Disabled (After Reset)
OE: Output Enable (After Reset)
0D: Output Disabled (After Reset)

@GP RTC Power Domain (VDD3P3_RTC)
- Y Ground
GO Power Rails (33 and 5V)
| PinShared with the Flash Memory
*  Can'tbeused as regular GPIO
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Specification

Processor:

Memaory:

Connectivity:

GPIO:
Video & sound:

Multimedia:

SD card support:
Keyboard:

Power:

Operating temperature:

Dimensions:

Compliance:

Broadcom BCM2711 quad-core Cortex-A72
(ARM v8) 64-bit SoC @ 1.8GHz

4GB LPDDR4-3200

* Dual-band (2.4GHz and 5.0GHz) IEEE 802.11b/a/n/ac
wireless LAN, Bluetooth 5.0, BLE

» Gigabit Ethernet

*+2xUSB 3.0and 1 x USB 2.0 ports

Harizontal 40-pin GPIO header
2 % micro HDMI ports (supports up to 4Kp60)

H.265 (4Kp60 decode);
H.264 (1080p60 decode, 1080p30 encode),
OpenGL ES 3.0 graphics

MicroSD card slot for operating system and data storage

78-,79- or 83-key compact keyboard
(depending on regional variant)

5V DC via USB connector
0°C to +50°C
286 mm x 122 mm x 23 mm (maximum)

For a full list of local and regional product approvals,

please visit pip.raspberrypi.com

MicroSD card shot. USB-C power UsSB20

L

(oo ST\ -

T |

HOm 2 % USE 3.0 Gigabit Ethernet
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Measurement Performance
® For Model AZM3/A2M4 Only

Distance Meter{m TBD  015-4 White abjects
Range

Angular

Range Degree nfa 0-340 nfa

Distance P =0.5 a = 1.5 meters
Resaolution mm = <19 of the distance_ "'© _Alldistance range*
Angular 13

Resolution Degree 0.45 0% 5 10Hz scan rate
Sample Millisecondlms| nfa 025 nfa

Duration

Sample Hz 2000 54000 410

Frequency [i]

Typical value is measured
Scan Rate Hz 5 10 15 when RPLIDAR takes 400

samples per scan

Figure 2-1 RPUDAR Performance

Mote: the triangulation range system resolution changes along with distance, and
the theoretical resolution change of RPLIDAR is shown as below:
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Figure 2-2 The Trend Graph of RPLIDAR Resolutio
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APPENDIX B - PROGRAM CODE

#include <cstdio»
#include <string.h>
#include <stdint.h>
#include <vector>»

#include <algorithm>

#include "rclepp/rclecpp.hpp”

#include "geometry_msgs/msg/twist.hpp"”
#include <sensor_msgs/msg/laser_scan.hpp>
#include <tf2/LinearMath/Matrix3x3.h>
#include <tf2/LinearMath/Quaternion.h>
#include <memory>

#include <math.h>

/*Most likely in m/s*/
#define FAST 0.5
#define MEDIUM ©.4
#define SLOW @.3

/* Radiant to Degree and vice versa*/
#define RAD2DEG(x) ((x)=18@. / M_PI)
#define DEG2RAD(x) ((x)*M_PI / 180.)

using namespace std::chrono_literals;

class right_wall follower : public rclcpp::Node
{
public:

right wall follower()

: Node("right wall_follower_drive_node")

auto qos = rclcpp::QoSs(rclcpp::KeepLast(18));

// Initialise publishers

cmd_vel_pub_ = this->create_publisher<geometry_msgs::msg::Twist>("cmd_vel®™, qos);

// Initialize subscribers
scan_sub_ = this-»>create subscription<sensor_msgs::msg::LaserScan>(
"scan",
rclcpp: :SensorDataQos(),
std::bind(
&right_wall_follower::scan_callback,
this,
std::placeholders::_1));

//Initialise ROS timers

update_timer_ = this->create wall timer(1ems, std::bind(&right wall follower::update callback, this));

RCLCPP_INFO(this->get_logger(), "Wall follower right drive node has been initialized");

private:

// ROS timer

rclcpp::TimerBase: :SharedPtr update_timer_;
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56

57 float right_side, left_side, front_right side, front_left side, thetal, theta2, kp , ki , kd_;
58 double integral , derivative_, prev_error_;

59 int countl, count2, count3, counts;

60 float suml, sum2, sum3, sum4, rangel, range2, range3, ranged4, distancel, distance2, dright, dleft, alfal, alfa2;
61 float last_sumil, last_sum2, last_sum3, last_sum4, last_countl, last_count2, last_count3, last_count4;
62 float front_view, total_left, total_right, dright_backup, dleft_backup;
63 double steer _gap;

64 float gap_index_left, gap index right, gap left, gap right, avg index left, avg index_right;
65

66 void scan callback(const sensor_msgs::msg::LaserScan::SharedPtr msg)
67 {

68 countl = count2 = count3 = count4 = @;

69 rangel = range2 = range3 = ranged = o;

70 suml = sum2 = sum3 = sumd = @;

71

72 std::vector<float> laser ranges;

73 laser_ranges = msg->ranges;

74

75 float count = msg->scan_time / msg->time_increment;

76

77 front_view = laser_ranges[count/2];

78

79 if (front_view > 16.80)

80 {

81 front_view = 16.0;

82 1

83

84 else if (front_view < 16.0)

85 {

86 front_view = front_view;

87 1

88

89 else

99 {

91 front_view = 16.8;

92 }

93

94 /* FOR LOOP*/

95 for (int i = ©; i < count; i++)

96 {

97 float degree = RAD2DEG(msg->angle_min + msg->angle_increment * i);
a8

9g JRRERER AR AR TR R AR R EER AR

100 ** When DEGREE is between -89 & -91 **

1@1 ***==¥¥¥*****==¥¥*****==’ﬁ******==¥¥¥/

102 if (degree < -89.0 && degree > -91.0)

103 {

104 if (laser_ranges[i] > @)

105 {

106 suml = suml + msg->ranges[i];

107 countl++;

108 last suml = suml;

109 last_countl = countl;

110 1

111 else

112 {

113 suml = last_suml;

114 countl = last_countl;

115 1

116 dright_backup = laser_ranges[i];

117 1

118
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119
120
121
122
123
124
125
126
127
128
129
120
131
122
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
17@
171
172
173
174
175
176
177
178
179
180
181
182
183

JERFRERRRRR RO RO R R R R R

** When DEGREE is between -29 & -31 **
***ik:tr****4!!;:****4xxk:¥****$xx¥¥¥/
if (degree < -29.0 && degree > -31.9)
{
if (laser_ranges[i] > @)
{
sum2 = sum2 + msg->ranges[i];
count2++;
last_sum2 = sum2;
last_count2 = count2;
}
else
{
sum2 = last_sum2;

count2 = last_count2;

F e L L s S L LR

** When DEGREE is between 91 & 89 **
*****x*x********x********xx*******xx!*****/
if (degree < 91.0 && degree > 89.8)
{
if (laser_ranges[i] > @)
{
sum3 = sum3 + msg->ranges[i];
count3++;
last_sum3 = sum3;
last_count3 = count3;
}
else
{
sum3 = last sum3;
count3 = last count3;
}
dleft backup = laser_ranges[i];

[ RSO R RO RSO RO RO KRR R R

** When DEGREE is between 31 & 29 **
***==¥¥¥***¥*==¥¥*****===¥¥*****==¥:¥****/
if (degree < 31.0 && degree > 29.0)

{

if (laser_ranges[i] > @)

{
sumd = sumd4 + msg->ranges[i];
countd++;
last_sum4 = sumd;
last_count4 = count4;

}

else

{

sumd = last sum4;
count4 = last count4;

R R kR R K O KR R R KRR

** To scan from 8¢ to -8@ **

R ROR R KRR R o R KR R R KRR

if (degree > -20.0 && degree < 88.89)
{

if (laser_ranges[i] > 16.@)

{
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184 laser_ranges[i] = 5.0;

185 }

186

187 if (degree > 10.0 && degree <= 60.0)

188 {

189 if (front_view <= ©.7) //SMALLER is better, too small makes lag response
190 {

191 total_left += laser_ranges[i];

192 }

193

194 else

195 {

196 total_left = 0.0;

197 }

198

199 if (laser_ranges[i] »= @.7) //value ©.7 can be adjusted. If late turn ++ if too fast
200 {

201 gap_index_left += i;

202 gap_left++;

203 1

204 1

205

206 else if (degree < -10.0 & degree >= -60.00)
207 {

208 if (front_view <= 0.7)

209 {

210 total_right += laser ranges[i];

211 ]

212

213 else

214 {

215 total_right = @.9;

216 }

217

218 if (laser_ranges[i] >= ©.7)

219 {

220 gap_index_right += i;

221 gap_right++;

222 }

223 1

224 }

225 )

226

227 avg_index_right = gap_index_right / gap_right;
228 avg_index_left = gap_index_left / gap_left;
229

230 //printf("total RIGHT is %f & total LEFT is %f\n", total_right, total left);
231

232 if (total left » total right)

233 {

234 steer_gap = -1 * (msg-»angle_increment * ((count/2) - avg index_left));
235

236 if (front_view < ©.4¢0)

237 {

238 steer_gap = 0.8;

239 }

240 }

241

242 else if (total_right > total_left)

243 {

244 steer_gap = msg->angle_increment * (avg_index_right - (count/2));
245

246 if (front_view < ©.400)

247 {

248 steer_gap = -0.8;

249 3

250 }

251

252 else if (total left == total right)

253 {
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254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
385
306
307
308
309
31e
311
312
313
314
315
316

steer_gap = 0.0;

[ R RO RO R R

** calculation for prediction distance **
R R R R R KRR SRR KRR SRR
rangel = suml / countl;
range2 = sum2 / count2;
range3 = sum3 / count3;

range4 = sum4 / count4;

right_side = rangel;
front_right_side = range2;
left_side = range3;

front_left side = range4;

thetal = (-30.0) - (-96.0);
theta2 = 30.0 - 90.0;

float a = range2 * cos(DEG2RAD(thetal)); //To find rangel
float b = range2 * sin(DEG2RAD(thetal)); //To find height of the two scanned point b and a

float e = range4 * cos(DEG2RAD(theta2)); //To find range3
float f = range4 * sin(DEG2RAD(theta2)); //To find height of the two scanned point f and e

alfal = RAD2DEG(atan((a - rangel) / (b)));
alfa2 = RAD2DEG(atan((e - range3) / (f)));

distancel = rangel * cos(DEG2RAD(alfal)); //Instance distance between center of the lidar with right wall

distance2 - range3 * cos(DEG2RAD(alfa2)); //Instance distance between center of the lidar with left wall
float ¢ = 0.3;
dright = distancel + ¢ * sin(DEG2RAD(alfal));

dleft = distance2 + ¢ * sin(DEG2RAD(alfa2));

// Function prototypes
void update_callback()
{

float mid_distance;

if (dright < 16.0 & dleft < 16.0)

{
mid distance = (dright + dleft) / 2;
h
else
{
dright = dright_backup;
dleft = dleft_backup;
if (dright < 16.0 && dleft < 16.0)
{
mid_distance = (dright + dleft) / 2;
}
else
{
dright = 5.9;
dleft = 5.@;

mid_distance = (dright + dleft) / 2;
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317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336

358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373

}

float front dist = @.6; // Set to LOW for PID TEST Only..........

double error;

double pid;

kp_ =
ki =
kd_ =

error

3.27; // 3.27 How fast the car to steer to the desired point. Higher is better
@8.75; //When there is an obstacle distraction. Tt is used to correct the lane

©.18; //Damp the car to steer to the desired point. Too high lead to overdamp

= mid_distance - dright;

if (mid_distance == @ && error == @)

{

integral = 8;

integral  += error;

else if (pid > ©.8)

{
pid = @.8;

else if (pid < e.@)

{

if (pid > -8.3)
{
pid = -6.3;

else if (pid < -0.8)

{

pid = -0.8;
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374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391

}

if (steer gap < ©.9)

{
if (steer_gap » -0.3)
{
steer_gap = -0.3;
}
else if (steer_gap < -8.8)
{
steer gap = -0.8;
}
¥

else if (steer_gap < ©.@)

{

JEEREERREE SRR CERERTREREEE

FEEEREER mMotion planning EEE T 1Y

*******************************/

if (front_view <= 8.3)

{
full stop();
//printf("EMERGENCY BREAK!™);

else if (front view <= front dist)

{

drive_slow(steer_gap);

else
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428 {

429 if (pid >= @.5 || pid <= -0.5)

430 {

431 drive slow(pid);

432 1

433

434 else if (pid >= ©.4 || pid <= -0.4)
435 {

436 drive_medium(pid);

437 1

438

439 else

440 {

441 drive fast(pid);

442 B

443 i

444

445 RCLCPP_INFO(this->get logger(), "%f,%f,%f,%f,%, %", front_view, dright, dleft, mid_distance, pid, steer_gap);
446 }

447

448 void update_cmd_vel(double linear, double angular)
449 {

450 geometry _msgs::msg::Twist cmd_vel;
451 cmd_vel.linear.x = linear;

452 cmd_vel.angular.z = angular;

454 cmd_vel pub_->publish(cmd_vel);

455 }

456

457 void drive fast(float ang)

458 {

459 update_cmd_vel (FAST, ang);

160 !

461

462 void drive_medium(float ang)

163 {

464 update_cmd_vel (MEDIUM, ang);

465 !

466

467 void drive slow(fleat ang)

168 {

469 update_cmd_vel (SLOW, ang);

470 }

471

472 void full stop()

473 {

474 update_cmd_vel(0.0, 0.0);

475 !

476

A77 // ROS topic publishers

478 rclcpp::Publisher<geometry_msgs::msg::Twist>::SharedPtr cmd_vel_pub_;
479 // rclcpp::Publisher<std_msgs::msg::String>::SharedPtr publisher_;
480

481 // ROS topic subscribers

482 rclepp::Subscription<sensor_msgs::imsg::LaserScan>::SharedPtr scan_sut
ag3  };

484

485  int main(int argc, char **argv)

ag6  {

487 rclepp::init(arge, argv);

4188 rclepp:ispin(std::make_shared<right_wall_follower>());
489 rclepp::shutdown();

490

491 return 8;

492  }
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APPENDIX C - BILL OF MATERIALS

No. Materials Quantity (Pcs) Total Price (Rp.)
1 SanDisk 128GB USB Flashdisk 1 202900
2 WP 1040 Brushed ESC 1 210100
3 E6001 Steering Servo 1 148900
4 ESP32-WROOM-32E 1 176000
5 Lipo 7.4V 2500 mAh Battery 1 235800
6 IMAX B3 Pro Lipo Balance Charger 1 52300
7 Vention HDMI to Micro HDMI Cable 1 71560
8 Vention Adapter HDMI Female 1 12200
9 Small Breadboard Mini 1 13200
10 KY033 Infrared Sensor 1 57400
11 TB-1503 Terminal Block 1 12600
12 3M Bolt and Nut 5 2000

Total Price 1194960
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