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RESEARCH AIM

* Drive the robot to the designated destination.

* Dodge moving obstacle which will go across its path to
the goal.

* The perception of the robot is based on CAMERA
instead of LIDAR - Cheaper
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ROS2
ROBOT OPERATING
SYSTEM 2

Develop and control the robot
Open-Source Framework ¢ sioms

Communication, real-time control,

Flexible collaboration between robotics
systems.

Powerful Create, simulate, and deploy robotics
applications across a wide range of
platforms.
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Topics
Node

Publisher

Topics don’t have to only be point-to-point communication; it
can be one-to-many, many-to-one, or many-to-many.
NODE

Subscriber Node —

Publisher

Subscriber
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TURTLEBOT4

OAK-D Pro
Camera

Raspberry Pi 4B

RPLIDAR
A1M8
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OAK-D Pro

 Using the pretrained deep
learning model provided by
Luxonis.

B LR

v Q SRIE

n

tracker tracker

Location Recency

(pipeli
Device alr

D alrea t
t:~[Docunents/Sudhanshu/trial_code/Object_tracker$ python

Runt D ready

or: D all closed or disconnected: Input/output error
Inurolab@nurobot:~/Docunents

Sudhanshu/trial_code/Object_tracker$ python3

isconfiguration
ean: 'previes’ (X_LINK_ERROR)'
Object_tracker§ python3 spatial

Orig n't read data from str
urolab@nurobot:~/Docunents/Sudhanshu/trial_c
detextion.py

L Couldn ta fro (X_LINK_ERROR)
(anurobot: ~/Docunents/Sudhanshu/trial_code/Object_tracker$ python3 spatial

;‘ﬂﬂ'ﬂ@

cstimer_ 20230807 _104205.txt

spatial_tiny_yolo_ballonly nopr

O =

spatial_tny_yol

spatial_tiny yolo.py

Anaconda3-2023.07-1-Linux-x86_64.h

Anacond

3.07-LinuexB6_64.h

lo_display_coord.py

) displa

spatial detextionpy
spatial detextionpy

spatial_detextion_ball_trackingpy
spatial detextion b

spatial_detextion_noprey

spatial detextio

tiny yolo,py

m Screnshot from

@) imports testpy

(@8 Screenshat from 2023-08-02 10-11-10,png

£ imports testpy

Forward and_Re

ted (59kB)

Da Nang, Vietham | December 20-22, 2023



I

CMME 2023 The 10th International Conference on Mechanical, Automotive and Materials Engr;eering

PMAE The 5th International conference on Progress in Mechanical and Aerospace Engineering

Transformation?

* Although the robot can see the
obstacles through the camera, it ¢ _F

O
actually doesn’t know where the
obstacles actually are.
- Transform the coordinates from /
the camera frame to the odometry LS
11 "1z "3 |X
frame. p=xy72) P'=RP=[rZI b r“‘ yl
31 132 T33)lz
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Forward Kinematics
OTG _ OT11T22T33T44T55T6

* There are already many frames set il e T e e .
Inside the Turtlebot4. |
: : l shell_link
* The relationship between them are
also recorded in the system > = l
Retrieve them from specific topic. l base_link
» Transform the coordinates step by gakd Tirik l
step from the beginning to the goal l .
frame.
oakd_camera_bracket
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Forward Kinematics
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Forward Kinematics

2(g6 +q91) — 1  2(9192 — 9093) 2(9193 + 9042)] | |
R(Q) =12(q192 + 9093) 2(q5 +q3) —1 2(q293 — G091) ——Rotational Matrix
2(9193 — G092) 2(9293 + q0q1) 2(q§ + q3) — 1.

OTG _ 0T11T22T33T44T55T6 * q, & ¢ q, are Quaternions, which
describe orientation or rotations in 3D
- N - space.
o, R3x3(Q) " It is recorded in the Turtlebot system.
<t 3x1
| O3 L Y
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RRT™

 RRT" algorithm is used for path
planning for the robot in the
research.

 Convenient to find collision-free
paths in complex environments.

* Build a tree structure by iteratively
extending towards randomly
selected points.
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Bézier Curve

* After the path is planned by the
RRT™ algorithm, the path is usually SN
not smooth enough for the robot to
follow properly.

» Create Bézier Curve between each
point of the RRT* path by ,
interpolation.

- The path can therefore be
smoothed out.

——— Bézier spline
o Control points
T - - - - - Control polygon
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L1 = 21
* The control can be analogous to that
of the unicycle_ X = Tecurrent — Ldestination ro = 29
Y = Ycurrent — Ydestination I3 = —223 + 2129

e The Turtlebot will measure the
difference between the current state
and the desired state to calculate the koxs

0 = gcurrent — Odestination

inputs to control the robot. uy = —k121 T
+ k;=1100-(107*), k, = 5k, when the 2o = xcosf + ysinf e =r—Pipitn = 52333 S
robot is not dodging. 2= 28in6 — ycosd 1+ T3

+ k; =500-(107%), k, = 20k, when the
robot is dodging. W = U1
V= U2 + 23U1
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Implementation

* All the nodes and topics used in this
research are shown in the figure on the
right.

* The system is mainly composed of three
parts -  Sensing, Transformation,
Driving.

 “/cmd_vel” is the node that drive the
Turtlebot.
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Wait for
/odom
/odom_obstacle_info
data

T

v

Store
/odom
/odom_obstacle_info
data

current_robot_postition
is not None

M

robot near obstacle

T
\ 4 \ 4
Set all the parameters
to start dodging Drive to destination

(dodge = True)

T
Y Y
Calculate distance_to_obstacle

distance_to_obstacle

= None

dodge

T
\ 4

v

Do RRT*
every few iterations
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Simulation

Dodging Simulation ——

250
* Obstacle starts from (0, 0) to (250, 250)
* Turtlebot starts from (250, 250) to (50, 50) 200 -
* Reddot > Start RRT* (blue line)
. .. 150 -
 Green dash line > Bézier Curve
S
* Yellow dot > Separate the curve
100 -
 Repeat the steps above until the robot reaches
the destination 50 -
0 1 | 1 1
0 50 100 150 200 250
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Simulation

Dodging Simulation S50 Dodging Simulation

250

200 - 200 +
150 150 -
> >
100 - 100 -
50 - START 50 -
o ! ! ! o ! ! ! I
0 50 100 150 200 250 0 50 100 150 200 250
X X
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Result
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