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. Introduction

1: Mapping

2: Planning

3: Perception




. Task 1: Mapping

Four different method

1: Gmapping

2: Cartographer 2D
3: Cartographer 3D
4: Fast-lio




. Gmapping

Problem:
Robot could not locate itself
accurately using default

parameters, cause wall
overlap.

Not enough parameters
to optimize.

Panels Help
Slnteract Move Camera Select Focus Camera Measure ~ 2D Pose Estimate ~ 2D Nav Goal
= Displays u
~ © Global Opti...

Fixed Frame base_link
Backgroun... Il48; 48; 48
Frame Rate 30
DefaulkLi... v
~ < Global Stat...
+ Fixed Fra... OK
» = Grid v
» &RobotModel v
» ¢ Interactive.
~ ®Sensing
= Image.
» ~Laserscan v
» “PointCl... v
~ mlLocalization v
» EMap v
» =PaseArray v

Displays an image from a
sensor_msgs/image topic, similar -

Add Duplicate Remove Rename

Time
[lPause synchronization: Off ~ ROSTime: 5204.04
Reset Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click:: Move Z. Shift: More options.

#Publish Point. +

ROS Elapsed: 129.85

Wall Time: 1712140754.49

wall Elapsed: 218.52

= Views Y
Type: ThirdPersonFc =  Zero

~ Current View ThirdPer...
Near Clip ... 0.01
Invert ZA...
Target Fr... base_link
Distance  10.3163
Focal Sha... 0.05
v

Focal Sha...

Yaw 3.1249
Pitch 1.5698
Field of Vi... 0.9

+ Focal Point -3.1808;
» ThirdPerson... ThirdPer...
» TopDownOrt... TopDow...

Save  Remove Rename

31fps
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. Cartographer 2D

Problem:

Default parameters will cause
wall overlap.

Solution:

Adjust Parameters:
submaps.num_range data
min_range

max_range

|| L Yyretrientanen O . RS Tes TITRI0 ROSCugted 43495 Wl n

Bever Lol Rotste Middie Clche Mowe 1/ Bight Sl Joom SR More sptons.




. Cartographer 2D

Pros:

o Automatically save the map
and generate .yaml file.

Cons: f et

o Fail to detect some 3D objects

(a) Cartographer Result (b) Map Result




. Cartographer 2D

EVO Evaluation:

APE w.r.t. translation part (m) (not aligned) [ APE w.r.t. translation part (m) (not aligned o yangiao@yanqiao-GS65-Stealth-9SE: ~/ME5413_Final_Project/src/... aQ =
ma raw
o e Lo yanq yangiao@yanqiao-GS65...
APE W-r-t(- ;cr;r;?ilaggg)part (m) - 19.343 APE w.r.t. translation part (m) :
9 (not aligned) $ evo_ape bag carto_evo.bag /gazebo/ground_truth/state /tf:map. odom --plot
-—- reference 20.0 usage: evo_ape [-h] {kitti,tum,euroc,bag,bag2}
—— APE (m) evo_ape: error: unrecognized arguments: odom
17.5 —Mse :
* median $ evo_ape bag carto_evo.bag /gazebo/ground_truth/state /tf:map.odom --plot
s APE w.r.t. translation part (m)
10.0 150 T mean (not aligned)
=a7.5 std
SN T fi#5.0 max 19.342696
e, LS T ~ 25 12.5 mean 9.571330
e Sk SRt oV — median 9.769350
=2, Shep Ll E 0 / B min 0.065986
gt ol ~_50 -9.704 w v rmse 11.069799
o . I 7' < sse 253781.274106
e 1.5 7.5 std 5.561482
A ~-10.0
< 2.5 3.0 (python3:11482): Gtk-WARNING **: : Theme parsing error: colors.
> a0 1:44: Invalid number for color value
£ > ~ -2.5 25
0.0 25 NS p- _;go\@\ (python3:11482): Gtk-WARNING **: : Theme parsing error: colors.
5-075 s x \\ 2:44: Invalid number for color value
10.0
Xy 1250 T -125 0.0
) 5~0175 -15.0 (python3:11482): Gtk-WARNING **: : Theme parsing error: colors.
50 100 150 200 4:53+ ;
4:53: Invalid number for color value
-0.066 t(s)
(python3:11482): Gtk-WARNING **: : Theme parsing error: colors.
A €D .i.. Q =~ B x=0.2318,y=-213557,2=-17.4516 | 4 € P .i.. Q = 7 B B NP AL > 53: Invalid number for color value
A
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. Cartographer 3D

Pros:

o Automatically save the map
and generate .yaml file.
o Can detect 3D object

Cons:

o Computational expensive
o Noisy and low resolution




Fast-lio

Pros:

e All necessary details detected
o Detection accurate enough
for navigation

Cons:

. Require subsequent processing
for the generated pcd map |

o Noisy existed

» Require high PC performance

% Hational University
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[+

[

[ 0.99943271
[-0.63320965
[-0.80560186

chronobreak@chronobreak: ~

0.03314976 0.005946 ]
©.99939561 0.01027286]
-0.0104645 0.99992955]]

Translation of alignment:

[ 0.16496965

0.22209466 -0.23090588]

Scale correction: 1.0

Compared 4299 absolute pose pairs.

Calculating APE for full transformation pose relation...

APE w.r.t. full transformation (unit-less)
(with SE(3) Umeyama alignment)

max
mean
median
min
rmse
sse

6.411339
6.085073
0.065478
6.011996
6.104292
46.759873
0.060328

Plotting results...

EVO Evaluation

5.0

2.5

0.0
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-15.0

APE w.r.t. full transformation (unit-less)

(with SE(3) Umeyama alignment)

-=-- reference

/

- 0.411
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- 0.012

APE (unit-less)
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. Fast-lio: Covert 3D map to 2D

Problem:
Large ground noises

Solution:

Apply a passthrough filter on
the Z axis, set different filter
limits.

(a) Filter limit 0.45-inf (b) Filter limit 1-inf (c) Combined map




. Task 2: Planning

 Move base
* Improve odometry by modifying EKF
* Virtual wall




. Move Base

« Only static layer « Add inflation and obstacle layers
« Basic local planner « Teb local planner




Improve odometry by modifying EKF

odom@: /jackal_velocity_controller/odom
odom@_config: [false, false, false,
false, false, false,
true, true, true,
false, false, true,
false, false, falsel
odom@_differential: false

imu@: /imu/data

imu@_config: [false, false, false,
true, true, false,

false, false, false,

true, true, true,

false, false, false]
imu@_differential: false

of Singapore




Improve odometry by modifying EKF

odom@: /jackal_velocity_controller/odom
odom@_config: [false, false, false,
true, true, true,
true, true, true,
false, false, false,
false, false, falsel

odom@ differential: true

imu@: /imu/data

imu@_config: [false, false, false,
false, false, true,
false, false, false,
false, false, true,
true, true, falsel]

imu@_differential: true

SNUS
% National University
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. Virtual Wall

Due to the task requirements, there are restricted areas on the map.

1. Assembly Lines

Restricted Random
Area Blockade
2. Random
Boxes
Exit of assembly lines area Entrance of random boxes area

No shortcuts allowed Only one allowed




. Virtual Wall

Add the prohibition_layer parameter in the costmap files.

Prohibited line area




. Task 3: Perception

« Random Patrols

* Object Detection

« Target Position Estimation
 Add Kinect

« Communication Problems
 Evaluation




. Random Patrols

After reaching the former random goal, a new random one is generated




Object Detection

simple template match is enough for simulation environment.

Minteract  “FMove Camera [ Select FocusCamera  ==Measure < 2DPoseEstimate 7 2DNavGoal @ Publish Point F =

Image window

e Views g

- Type: | ThirdPersonFollower (rviz = || Zero
* Current View ThirdPersonFollow...
Near Clip Distance 0.01
Invert Z Axis
Target Frame base_link
Distance 23.7402

Focal Shape Size  0.05
Focal Shape Fixe...

Yaw 2.8004
Pitch 1.5198
Field of View 0.785398
» Focal Point -1.2324;-0.22772;0
» TopDownOrtho TopDownOrtho (rviz)
Save Remove Rename
< simplePanel °

Heading to Box 3
AssemblyLine 1 || 2

Box 1 2 3 4

Vehicle 1 2 3
‘ // Respawn Objects | Clear Objects
a_din

tional University
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.Target Position Estimation

« Calculation Theory

The position matrix from target to For **"9¢' T, vicar, the following
map ‘49T, ., is represented by: functions are used to calculate:
target target optical X = (u _ Cx) 2z
Tmap — Toptical ' Tmap — f,
_ (v — cy) A
For optical ., itis easy to obtain Y = 7
y

from tf listener.




.Target Position Estimation
« Add Kinect

We modified urdf to add Kinect depth camera on the front of robot




Target Position Estimation
« Add Kinect




Communication Problems

Move base sends the topic many
times for one status reached

RGB image, depth image, and ego

Activities  ® rviz v

navigation.rviz* - RViz
Eile Panels Help

yinteract 5+ Move Camera Iselect Focus Camera Measure .~ 2D Pose Estimate .~ 20 Nav Goal

e Views

~ Current View
Near Clip Distance
Invert Z Axis
Target Frame
Distance
Focal Shape Size
Focal Shape Fixe.
Yaw
Pitch
Field of View
» Focal Point
+ ThirdPersonFollower
+ TopDownOrtho

Save
2 simplepanel

*»

AssemblyLine 1

Respawn Objects.

vl

Synchronization: | OFf -

ROS Time: 5130.23| ROS Elapsed: 84.69

: Orbishron & =
Type: | ThirdPersonFollower (rviz ~ Zero
ThirdPersonFollow...
001
base_link '

Remove

pose, are not input simultaneously.

Aprg 18:34 m ¢ s
/home/amin/MES413_Final_Project/src/me5413_world/launch/navigation.launch http://localhost:11311
yme/amin/MES413 Final Project/sr¢/meS413 world/launc! tion.launch htt localhost:11311 101x55

e v

navigation.rviz® - RViz
o ®

e panels Melp

nteract i mom amers FowsCamers  =oMasure  20Pesefstete  /20NwCol @ PublishPont .

- Views

Type: ThirdpersonFollower (rviz - || Zero

- Current View Thirdpersonfollow...
Near Cli Disance. 001
base_lnk
237402
005
Focal Shape Fixe
pitch 15198
Peldotview  aTasaos
23.7402 » Focal Point 1.2324;-022772;0
005 - » Thicgrersonfoliower Thrdpersonoliowe

» TopDownOrtho TopDownOrtho (rviz)

2.8004
15198

0.785398
-1.2324;-0.22772; 0
ThirdPersonFollowe.
TopDownOrtho (rviz)

Rename

Heading to Box 3

2

Rename

Meadingto Box 3

Aosemtigine 1 || 2

Clear Objects

Respawn Objects | Clear Objects.

© Time

wall Time: 2493.13| wall Elapsed: 89.93

Pause | synchronization: Off ROS Time: |5138.76 ROS Elapsed: 9056 Woll Time: 1712405889.84 | wall Elapsed: 91.17

31fps

o NUS

Mational Ul"ll'ul:fslt:.-
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. Evaluation

The position estimation results perform welll The average error for
each experiment is under or equal to 1.3 meter!

Experiment [teration 1 Iteration 2 Iteration 3 [teration 4 Iteration 5 Average

First 1.13 1.43 1.47 1.27 1.21 1.30
Second 1.12 1.10 1.60 1.41 0.94 1.23
Third ().85 1.32 1.00 1.24 1.40 1.16

Table 1: Error table for perception task experiments. All data in meters.
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