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1. UbuntulZDULYT
LinuxMHBTHE—F L7 DELVOSTY , 20044FIZDebianZ M HIRAE,
2. LinuxZzARa<T2R
D TRTLER
« EBE): BRFANSEBETEELET .
o B2E): S reboot
Xt ELEDA=1—DI S RN EBRE
o« #27T7: Sshutdown
Xt . ELDAZ2—DOIHRRED Y RE S
e O 7k S exit
I—D 0T F7oRLET
c BRE "EEODANE FAH E2ADKRIV(ESCHRAVDT)

ubuntu®
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ubuntu®

UbuntuilE AN =7l
LinuxBE AR R

@ Ta4LURIBE, OE—. 5. HIRR

masa@ubuntu:~$cd /home/masa/Documents T4LOM)DYIYEZ

masa@ubuntu : hom%Lmasa/DocumentSS ls Z7AINETALINIDRR(RRLEZDEELIZWLWI7AILER D) YD
TaOEANLTERELFE

masa@ubuntu:~$ cp 774 TALIN) BB TDTALIRNIDIT7AINEFNDTALIR)~OE—
masa@ubuntu:~$ mv 771ILE T«a4L UK BTODTALIRNIDI7AILERDT AL IR ~TEE)]
masa@ubuntu:~S rm 771 IL£ T74ILDHIBR

AT OARVRDA T arv B hoEWMESIE. ALTTRINWEDLE S, T

s rm —help
THARVFEE(RAFTRE21E Ehelp)

Q@ A—HER, TOtR{th

masa@ubuntu :~ S su - A—/N\—21—H (root)IZYIYEZ . /ISRT—FZ AN
masa@Ubuntu:~$ sudo IL—FERTEBEOTUREERBLET .
masa@ubuntu:~$ ps a RKDEINTLNSTOERERT

masa@ubuntu:~$ kill BEDTOEREZRERT

masa@ubuntu:~$ apt-get install pkg INVT—D DA A= LI EIZ{E A
masa@ubuntu:~$ date Bft. BRIDEREZITLVED,

g_abs\a_g)_g_buntu:”S leafpad /etc/network/interfaces AT —RIZEBLTUVVHBREEELET , VikYHFELPO

o

@ E®a—)L,usb, *E!) HDDIEHZEDERTR

masa@ubuntu:~S Ismod linuxDED 21— ILY AR
masa@ubuntu:~$ Isusb usbD T /\f AR R
masa@ubuntu:~$ free —-mt AEFERAIKEERTR
masa@ubuntu:~$ df HDD (Y44 4~ASD) D{#EAKRERTR
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Ubuntuil2 AR =27 J)L
4. HEEH

ubuntu®

D EFXxaUTs B (TUOFIAILAEHF . AFv)
e PUFDAIAREKELTEHDclamAVEA L AN—I)LLTET,
- FHTOEREEALLTET,

masa@ubuntu: ~

TrAILF) BEE) BRV) BRES) HET ALT(H) INF—2TJ7AI)ILEH

masa@ubuntu:~$ sudo freshclam

Fri Jul 12 ©9:58:58 2019 -= ClamAV update process started S SUdO freshclam
2019

Fri Jul 12 ©9:58:58 2019 -> ~Your ClamAV installation is O qEEJJZ#JVDE%(:%E%ﬁé*Lij_

Fri Jul 12 ©9:58:58 2019 -> ~lLocal version: 0.100.3 Recomm 'CZ >
Fri Jul 12 ©9:58:58 2019 -> DON'T PANIC! Read https://www. iijj #JV

pgrading-clamav S sudo clamscan --infected --remove --recursive
Fri Jul 12 ©9:58:58 2019 -> main.cvd is up to date (versio

f-level: 60, builder: ﬁlgmgr) QEJJ'”:_IA -C-d_f.ﬁ /§‘J77\‘5>F\TE<7{I%)EI
Fri Jul 12 ©9:58:58 2019 -> dailly.cld is up to date (versi -’-‘b

19, f-level: 63, builder: raynman) © © 'lik :V/F)\jj‘fﬁH#Fﬁﬂh\b\Uij_

Fri Jul 12 09:58:58 2019 -> bytecode.cvd is up to date (vt-rﬂ)n
f-level: 63, builder: neo)

masa@ubuntu:~5% sudo clamscan --infected --remove --recursive

all rights reserved 2022 spectrum technology co. 7
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ubuntu®
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Ubuntui&,

4. HEEH
@ AVA—ILFINVET—DEIF) A, TYTHTL—F
e LnuxDIBEIE BBICEHFARELET, 7y TIL—REEHMICERL TSN,

o BHAENCIE, N\vIT VT EMECLEEHOLET . HITTYT I L—REENICEBETR. R
TEVNWREAELELET , BEHEETERLTZSL,

masa@ubuntu: ~

Z71ILF) IREE) F|TNV) BEFE(S) WmFE(T) ~ILF(H)

" BEHJALRF

masa@ubuntu:~$ sudo apt-get update _
Ew b:1 http: /oprm CUSlunitulom/ubuntu bionic InRelease S SUdO apt get Update
EYf§:2 http://jp.archive.ubuntu.com/ubuntu bionic-updates InRelease [88.7 kB] Y U il N G-,
* :3 http://dl.google. = 7 J77 l/ F%ﬁﬁ
{$:4 http://jp.archive
LR :5 https://developer Z71JL(F) REE) FTm(V) 1 S) $FER(T) ~AILF(H) S SUdO apt_get upgrade
U}804f?<85_54 InReleasey: /—4"w  CNF (main/cnf/Commands-all) 3 Jetc/apt/sources.list.d/google-chro
#18:6 http://developer. me.list:3 ¥ /Jetc/apt/sources.list.d/google.list:1 CHEHEIREINTUVWET
InRelease masa@ubuntu:~$ sudo apt-get upgrade
Ew ~:7 https://develop JAYE ’T—.ﬁ'JR [T iy o
untu1804/x86_64 Release i F;%‘JLJ_’EVEEELT“*T
Ew :8 http://develope i
64 Release .
t:l'l‘l
E o
Y b :11 http://dl.goog firefox firefox-locale-en firefox-locale-ja gnome-settings-daemon
:13 http://security. gno@e:settings-d@emon-schemas libsysmetricsl ubuntu-report )
S:16 http://security. 7Y 7L —F: 7 B, FIRAZ - o f8. HIFR: o fE. RE: 4 A,
9 kB] 54.4 B D7 —AA T 2R/ TEIHENHD F
28, . ey ; DRERIZIENMT 4,019 kB DT 1+ AVBED
Eﬁ‘f?lf\e;? http://security. =500 tv/nl v

EX1F:18 http://security. ngs.d
56 kB

masa@ubuntu: ~

:1 http://jp.archive.ubuntu.com/ubuntu bionic-updates/main amd64 gnome-setti

aemon-schemas all 3.28.1-6ubuntul.3 [12.9 kB]

EX4§:2 http://jp.archive.ubuntu.com/ubuntu bionic-updates/main amd64 gnome-setti

ngs-daemon amdé64 3.28.1-0ubuntul.3 [316 kB]

E¥4#8:3 http://jp.archive.ubuntu.com/ubuntu bionic-updates/main amd64 libsysmetri

cs1l amd64 1.3.2 [1,475 kB]

HEYiS:4 http://security.ubuntu.com/ubuntu bionic-security/main amd64 firefox amdé

4 68.0+build3-0ubuntu®.18.04.1 [49.8 MB]
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128GB USB3.0
livoxBE&Y T+

PCAIK cpu
GPU

A€
SSD
LiDAR Mid-70

Avia

Intel i9, i7, amd Ryzen 9,77 &
cpu

RTX30,201)—X

16GBLL E
512GBLL L

Detection Range (@ 100 klx):260 m @ 80%
reflectivity

FOV:70.4° (Circular)

Angular Precision (10 ) :< 0.12

Beam Divergence:0.28° (Vertical) X 0.03°
(Horizontal)

Point Rate:100,000 points/s (first or strongest
return)

Detection Range (@ 0 klx):450 m @ 80% reflectivity
FOV:Non-repetitve scanning pattern:

70.4° (Horizontal) X 77.2° (Vertical)

Angular Precision (10 ) :< 0.052

Beam Divergence:0.28° (Vertical) X 0.03°
(Horizontal)

Point Rate:240,000 points/s (first or strongest
return)

nvidia

Livox

GPUMNEE TZSEDIZRY
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ubuntu

cuDNN

python3
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3. Autowarefi® E{R{&(Autoware)

AutowareldLinux&ROSEAR—R EL-BENBERV AT LRAA—TVY—AY I I 7T . B EEBKRE,. RIGKZE., &
RHRIZKIERIBERED—EELT. BEENEGLOMEHAREAEICRETARMALEL . L—L—F  hAS, GNSSIEE
DIRELUYZFIELT. BEMEVLEBREYMAZREHELLENS, h—FEMSEZON-IL—FEZBEEITTEET,

https://www.autoware.or

Perception Planning

Dynamic object Scenario

: - PR = : Scenario Selector
Detection Tracking Prediction envirion
114 1

” Mission —*
Traffic light o

= Parkin Etc.
Driving =

Detection Classifier

elocity T

Localization
|
Sensing data 1 I 1 1

Sensing Map Data Vehicle Interface

S 2 MM
=

Sensors
Vehicle

all rights reserved 2022 spectrum technology co.



https://www.autoware.org/

x.:-."'U’ Spectrum Technology ST EAT

‘—)

/home/masa/Documents/lidar/livox_autoware_ws/livox_au
toware_driver
S ./run_livox.sh

3 ] A u t O W a r' e Faﬁ % $ roslaunch runtime_manager runtime_manager.launch

1) AutowareEEA:lidarEN{EFEER

https://github.com/Livox-SDK/livox autoware driver DockerﬁatEG)E&"El:
AutowarefC & : B E ik TSR

cd /home/masa/Documents/lidar/livox_autoware_ws/livox_autoware_drive

N

.Jrun_livox.sh
dockerlZ A Y, autoware@ubuntu2:/home/autowareSH\RZ Ef
oslaunch runtime_manager runtime_manager.launch TR YEEE) Tok

10828 (E)10: 26

N

N
N

"
b

autsware@ubuntu2: /homefautoware

TP BEE) BRV BEM ALTH) .
- - — et 3 Taltacation 39, axtonts 1917) unite alloceiing aadset{nods 67
apolloauto/apollo localization_volume-x86_64-latest rer GUTagateButton) quick Start  Setup ing Interface  Datsbase b
109001137d4a 3 years ago 5.44MB jV"zevﬁﬁaﬁﬁﬁ”;éLﬁﬁn,mganﬂmlﬁ;”ﬂﬂfaﬂWf .
apolloauto/apollo local_third_party volume-x86_64-latest f“t””““m” N T -
e . <o, 61:26,32.004: Negat ive contd [ Gansing

ocat. s 17x17) while allocating gadget (node button,
r L(k\cggl?nut on)

5df2bf3cc4b9 3 years ago 156MB
apolloauto/apollo yolo3d_volume-x86_64-latest
639cbf71163e 4 years ago 275MB
apolloauto/apollo map_volume-sunnyvale_loop-latest
36dc@d1c2551 4 years ago 986MB
masa@ubuntu2:~$ cd [home/masa/Documents/lidar/livox_autoware_ws/livox_autoware_d
river
masa@ubuntu2:~, lents ar/ / are iver$ ./run_1i
vox.sh
Using options:
ROS distro: melodic § CPUBCPU1CPU2CPUZCPUACPUSCRUGCPUT CPUBCPUSCPU10CPULI CPUI2CRULZCRULACPULS CPUTECRUTTL
Image name: autoware/livox & & Autoware
Tag prefix: latest
Cuda support: on
Pre-release version: off
. U ID 1 S 1009 > . - _ ;;Hfﬁefrznome/’w;warEf‘ rDSﬂ.aQ!ZgﬁSODEE'4lﬂ.'1led'bﬁﬁi"lcwhhlﬁsﬂlrun'Z'.\U
Launching autowarelltvo;.}ateat ) i
To run a command as administrator (user "root"), use "sudo <command>"
See "man sudo_root" for details.

Localization
ir py:125): Glk- ©1:26:33.884: Kegalive contd

vidth -2 on 32, extents 17xi7) while n\lncatmg gadget tnode button) | parectian
ner LtkTam‘PhutwnJ

untine manager dialog.py:L. **i 01:26:33.004: Negative cnmc Mission Planning
Gth -2 {allocation 32, Litents 1017 ) wnile allocating gadget (node button]
ner GtkTogyleRutton) [Figtion Plagnics]
android Tablet oculus Rt vehicle Gateway || memote control Cloud Data

Auto Pilot ROSBAG Rviz ROT

5.0%

CEamad[aB@MQ

rocess [run

autoware@ubuntu2: /home/autowares ||
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@ AutowareX A :Rosbagitfk. B4
Rosbag B4

Setup>LivoxZER., TFEiE9

Sensing>Livox lidarF T/ %&5 9 2 &, ZERRITED,

Simulation>Ref: autoware>shared_dir>autoware-20221005xxx.bagZ & R
PlayZ#HL . topics:sensor_msgs/pointclouds2MERREN TLINILok T, Z D #Epause

Rviz3%
global option>fixed frame:livox_frame GpukigE =&
sensing>points raw>topic:/livox/lidar&1#ER FAELVAE

Simulation

Un

pause#t+L TplayX (L. ) H 5play THok
SXEL-FEEATEIZRT

EXELT-lidarE{& A H X ok

H71ET+ [ Runtime_manager_dialog.py = 108 58 (k)15 : 318

| = [ /home/masa/Pictures a

Q==

RViz*

10021 100210~.. 100309... 100309 File Panels Help
lnteract  wMove Camera  -iSelect *FocusCamera  —Measure - 2D Pose Estimate  ~2D Nav Goal ¥ Publish Point 2 = a
Fle Edit View Terminal  Help Screenshot  Screenshot  Screenshot  Screenshot  Screenshot = Displays
022- 022 Fri - - .
width -2 (allocation 32, extents 17x17) whi E’@Q;ﬁiz 55“!.“51“ ED‘E?]%?Z {DU?‘,%[EE, ‘?EAZ‘?ZZ = Global Options 3
ner GtkToggleButton) Fixed Frame livox_frame
WTTTITT OB
(runtine ronager oiatog.oy: B : [+ Background Color ST aE!
“’idtgﬂ;_zr (a%lgcﬂw? 32, extq Screenshot  Screenshob  Screenshot  Screenshot Screenshot Default Light v
e GrkTRagteRuen Runtime Manager gl « Global Status: Ok
{runtine manager dialog.py:li . N - Grid
vidth -2 (allocation 32, exte * Setup Map Sensing Computing Interface Database Simulation » & System v
ner GtkToggleButton) & Map v
{runtime manager dialog.py:1d|| /homefal 20221005062747.bag Ae & Sensing v
width -2 (allocation 32, exte| —— - —m—_ - ~ #Points Raw v
ner GtkToggleButton) Rate Start Time (s):| 0 Repea » v Status: Ok
(runt diat i 3 Topic flivox/lidar
runtime_manager_dialog.py:12 Sto Eee) 179 : =
width -2 (allocation 32, extd R Blaing 21 gen\re&:c‘-lt:?;\ee
ubuntyl * ”ié;::gﬁ?“’-‘?:;""] path: fhome/autoware/shared_dir/autoware-20221005062747.bag Style Paints
, am*, st W version: 2.0 S
[h;m‘?ag »playt, to-clock Guration: 2165 size (Pixels) 2
‘dglesz start: Oct 05 2022 06:28:52.17 (1664951332.17) Alpha 0.3
“h’d 1 1cy=0THER -0 end: Oct 05 2022 06:29:13.77 (1664951353.77) Decay Time QO
c ed policy=l prio= size: 37.3MB Position Tra... XYZ
Formprassion: none 144141 chunks] Color Trons... iensity
foro r-u\:%g;sﬁnr-ﬁ SR types:  sensor msgs/PointCloud2 [1158¢486dd51d683ce2f1be655c3c181] Queue ST\ze 0 .
e Ll topics:  flivox/lidar 217 msgs  : sensor_msgs/PointCloud2 Channel Name infensiry
etting frun_id to 403a1a9e-4476-1! N Add
rocess[rosout-11: started with pijieadad LGSVL Simulator RO?]B%G A Pﬁb
Hi 0 ] all'rights r ved-202 4 technology co. ‘
rocess[run-2]: started with pid [|uiadd - ) ‘
%I[run-2] process has finished clean ROS Time: 1664951350.17  ROS Elapsed: 6.71 wall Time: 1664951588.36 Wwall Elapsed: 38.81 Experimental
ntullog File: fhomefautoware/.ros/lo )
Sl Hm UGEELCh Reset Left-Click: Rotate. Middle-Click: Move X/¥. Right-Click:: Zoom. Shift: More options. 31 fps
b
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@ AutowareZEEK : Hh X {E Rk
3D ERK : ndt_mapping
Setup>LivoxZ i ER. TFE T
Sensing>Livox lidarF v’

Rosbag CTT—A% Lk, RF EC77J')I/.’5‘°I7*]@ .
computing >ndt_mapping ndt_mapping.rvizCIE3FRK

3

~L7ELY, FFlZglobal
option:mapMiz & . 7~ B4

Simulation>rosbag®d T —%%play, pause
Rviz# %

REIE, JBET %S File>open config:
DA X T HHEEED
ndt_mapping®MapplZ(&

/home/autoware/Autoware/src/drivers/awf _drivers/livox_ros_driver/livox_ros_driver/c
. fig/ i EL
HUETH. BfELEE onfig/ livox_mapping.rviz iR

Eile Panels Help

b MDY — L ETENE global option>fixed frame:livox_frame o
DLE pointcloud2>:/livox/lidarz &R S i
play 5 5 T X ZFEED e

- Views

Type: Orbit (rviz) -

~ Curren... Orbit
Nea... 0.01

Inve..,
Targ... aft_m
< Fixed FF... 0»( DL e
+Grid o
: Foc.. v
4 Computing Interface Database Simulation Status . RES[[::::[EOK <Fixed Frames Yaw  3.340
ndt_mapping Pitch 1,019
<~ gnss localizer . Plane Cell ... 20 + Foc... 6337
~ Mission Planning topic : /config/ndt_mapping Normal Ce... 0
L fatfpose  sye 7 app ] ~ lane_planner "~ o cellslze 10
[ nmea2tfpose | oo [ app | Ollane navi Resolution —— ) C\. Lnestyle  Lines
~ lidar_localizer rane m‘e[[ =¥ stens . o1 N Color [ 160; 160; 164
sy: Step Size ) ) 05
¥ ndtmapping [ gys [ 1 [ lane_stop| . 2 = XY
[ approximate_ndt. n"am""gl syNJ | ag U lane_select | . Transformation Epsilon ——( ) 0.01 = 0:0:0 L =M Bk
Condtmatching s 1{ apo | - treespace planner . #PointCloud2 v 11% EJ%] [d: .
L ndt_matching monitor | o, [ Clastar navip Maximum Iterations =) 30 o . =
T motching, ape ) . s " [ Toc — —ivoiioor | q o <
~ OpenPlanner - Globz . = - nreliable +
N fus\uni;:tl:alwz‘e () op_glabal_planr (i e J L = Selectable Shlft " J
[ ekf_localizer . ~ style Points N— >
- [ sys 10 ape ] + Msgn Plannin s . Y l~ .
~ twist_generator B ol U | 1111571 ST GETE S O 3 v size pixls) 1 wAY)
ol - - pha 2
aL:;}:f:Cé“:j\:\i‘:‘;—:"""me’[ sys 1[0 aop [ wiygoint_loade Maximum Scan Range ) 200 v Decay Time 10000
T aomere [ waypdiqt saver i P i Position Tr... XYZ
C canzodom . | ) waypoiniSqeke Minimum Add Scan Shift O 2 Tonlc .
[ vel oose connects .. 1r A sensor_msgs/PointCloud? topic to
= Method Type bscribe to
Synchronization W pcl_generic
% O pdgnh Incremental Voxel Update add Save Remove F
- Ref o Time
autoware-221006.ped ROS Time: 1665013420.78  ROS Elapsed: 62.23 Wall Time: [1665013420.81 | Wall Elapsed: [62.20 Experi
(®) Filter Resolution 02 () Original Reset Left-Click: Rotate, Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom, Shift: More eptions, :
CPUOCPU1CPUZCPU3CPUACPUSCP . -
& Autoware ~on Al rights reserved 2022 spectrum technology co. 15
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® AutowareEAX: BC{IEHTE
3D E{ERK : ndt_matching
Setup>LivoxZZ IR, TFEH .
map>ref Cpcd T —2ZEIRL (100{EF £ TER) . point cloudZ 3L, FtAAL . TFHIET
Sensing>Livox lidarFxw%. point downsample:random_filterFTv%
Computing>ndt_matchingZF ¥4 . app:initial pos&xF T v%
Simulation>rosbag D T —%%play, pause
Rviz2%5
fixed frame>map, map>points_map,sensing>filtered points: livox_frame&map®') > I 73
L\DOTITF5—
$ rosrun tf2_ros static_transform_publisher 0000 0 0 map livox_frame JlimR T2+ 9 %
playFB B TR &lidarMDsensingD WA EHEER

iconfig
x_lidar_publisher
Jrunime_manager_122 16651229865/
- dt_stat
RQTE —
= — e :
Mbase_link_to_localizer
-“I n__rviz 1665125338311005127
all rights reserved 2022 spectrum technology co. 16
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@ Livox_mapping
#h [X] 25 #2 : SLAM (Simultaneous Localization And Mapping)|Z{E 9 S K {ER Tk
https://github.com/Livox-SDK/livox_mapping
FCEf
source /home/masa/Documents/lidar/catkin_ws/devel/setup.bash ImREBIZERD &
Rosbagh\ 5 PCDIZZ 2
roscore coreZ i Ef
rosrun pcl_ros bag_to_pcd test.bag /livox/lidar bag_to_pcd_out
pcdDFEEEZ D1
Cloudcompare% 7 7! hr s k2 E)
File>open: /home/masa/shared_dir/bag_to_pcd_out: £ 771 JLiEIR

© File Edit Tools Display Plugins 3D Views Help

= harad dir T PR K x omze 2P s M|~ ¢ @ s = a4+ = ERER = = N IR I
- size Modified DB Tree
1838 kB r=] @
- @2869.999148360.ped (fh... -
[<] » V22869 L]
i - v @ 2870.098988360.pcd (/h...
+ W 22870 L
+ | 7 v =2870.198828360.pcd (/h...
v = 2870 (5]
& |+ @ 2870.298668360.pcd (fh... ”
183.8kB & v 52870 |
181.8k8 - v @ 2870.398508360.ped (/...
183.8k8 k. r W 22870
1818kE & - v & 2870.498348360.pcd {/h...
1828k I et
— o e
1 |Properties o
181.8k8 i 5%
KB 14 7R L =
hliH w N
1478 o
1475
1418 E
sks 1477 w
1838k 1478 w
1838kE 14 78
1818KE 1478 L
1838kE 14 7R =
1478 Consale
Bz [15:58:59] [PCL] Field with an unmanaged type (= 2)
1478 [15:58:59] [1/O] File fhome/masa/shared_dir/bag_to_pcd_out/2963.198828360.pcd’ loaded successfully

1475

sreserved 2022 spectrum technology co. 17
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4. 3Dih[X] G F

Livox mapping
https://github.com/Livox-SDK/livox _mapping
SLAM (Simultaneous Localization And Mapping)[Z{E 9 A {ER Y T+

E0)

source /home/masa/Documents/lidar/catkin_ws/devel/setup.bash

TE
roslaunch livox_mapping mapping_mid.launch
cd /home/masa/Documents/lidar/catkin_ws/src/livox_mapping

rosbag play CYT_02.bag

iR EICREDZE

108178 (F) 10 :

(F) #REE(E)
[RUNNING] B
[RUNNING] B
[RUNNING] B,
[RUNNING] B

< IR

Loam_livex.rviz* - RViz

i ) e Panels Help

[RUNNING] Glnteract  TMove Camera  |-Select

[RUNNING]

[RUNNING]
1

SFocusCamera  ~Measre < 2DPoseEstimate  ~2DNevGoal ¥ Publish Point

= Displays
- = Global Opti...
Fixed Frame camera_inil
Backgrou... 0
Frame Rate 30

O 7 i 7 i A 4

FEfRE
ubuntuk »Axes v
+ < Status: Ok

Referenc...
Length
Radius
v =Gt
= odometry

4 Add
[ Time

ROS Time: 1665069653.77  ROS Elapsed: 55.71

<Fixed Frame>
05
01

)

Wall Time: 1665069653.80  Wall Elapsed: 55.71
Rotate. Middle-Click: Move /Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options.

Experimental
30fps
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4. 3DHbXIEHF

(DLivox mapping
https://github.com/Livox-SDK/livox_mapping
SLAM (Simultaneous Localization And Mapping)[Z{E 9 A {ER Y T+
L)
source /home/masa/Documents/lidar/catkin_ws/devel/setup.bash mAREIZERDIE
TE2
roslaunch livox_mapping mapping_mid.launch
cd /home/masa/Documents/lidar/catkin_ws/src/livox_mapping
rosbag play HKUST _01.bag

A

10A178 (B) 10

ile Panels Help
CInleracl  TMovsCamera  CSelst  oFocusCamera  =Measwe  -20Posefstinale  ~ZDNavGoal  ®Publahpoint

Fixed Frame camera_init
Backgrou,.. W0;0:0
Frame Rate 30
Default Li... v

 Global Stat.
< FixedFr... OK

v

<Fixed Frame>
05

v

- Time o
ROSTime: 166506972443 ROS Elapsed: 6184 Wall Time: 166596972446 Wall Elapsed: 6175 Experimental
Reset k: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel: Zoor. Shift: Mare options. 31 7ps
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4. 3DHbXIEHF

@ cloudcompare

PdD AT —2DMI., kG EEITIA—TV—R
https://www.danielgm.net/cc/

https://hdtopography.github.io/learning/cloudcompare/CloudCompare.html E KD A H fE
g3

Cloudcompare% 7 7! hr b2 &)

File>open: /home/masa/shared_dir/bag_to_pcd_out: 2774 JLIEIR : {5l

A

auhl

EARIRIE
T AUT—oay (GYHL. E)
B
VRPN T p
g Ty 0 el
PR |4 e
45 RFE B

PcdM DAL IZEEHE : ply~

all rights reserved 2022 spectrum technology co. 20
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' File Edit Tools Display Plugins 3D views Help

[

=
(-]

g ae 6o Osmalp -

] & &0

e

E-—-
2

U’ Spectrum Technology

4. 3Dih

y

A FE

@ cloudcompare

PcdD RET—2DOMNI, k&L EEZTIA—ToY—X

https://www.danielgm.net/cc/
https://hdtopography.github.io/learning/cloudcompare/CloudCompare.html HEKD A H fEsn
RCEN
Cloudcompare% 7 7! hr b2 &)
File>open: /home/masa/shared_dir/bag_to_pcd_out: 2771 JLiER : {5l
EREE
AT 3y (YL, BrE)
VT A T—2a T BRNZERAAAT., pcdDEFI7AINLEI—DLET,
e YIYHL: LDIFESADTAAVT,. T)TZEED V). TERLTUYHL, BT IEHE IV
TAAL DV I—=J TR AV Thh, T7A LA TEEY , remainin

SR COmpSr eV EHANCR] S tE QDA “ File Edit Tools Display Plugins 3D Views Help

B + & x| < a . B . - z . R & 3K X o« “ O > W ow @ s o = o+ = » 4 & = 5
=R = ” 5 @ - 4 @ o 220 =
Does] . DB Tree 5
M 2869.999198360.pcd ... B @ + |V & 2869.999148360.pcd (/h...
+ v ©2860.remaining u o 2B69remaining L
+ / ©2869 segmented Pl - 2869 segmented o
= TLS/GBL L © TLS/GBL
 TLS/GBL « TLS/GBL b
= TLS/GBL ™ B = TLS/GBL P
* TLS/GBL = “TLS/GBL .
= TLS/GBL = TLS/GBL
@ TLS/GBL = TLS/GBL
* TLS/GBL ® TLS/GBL ;
'-1L5¢GBL = TLS/GBL CSF Filter
Properties o, Properties
Propert State/Value Propert: State/Value
Name  2869.999148360.pcd (/h... < Name 2B69.segmented
Show .. Visible |V
X 2.326 Show ... -
Boxd... ¥:2.016 = | Colors = Scalar field
Z:1.843 X:2.326
soxc.. woass Boxd... Y: 2016
A, 3 Z:1.843
Z:-0.1125 X 1.163
Info Obiect ID: 3995 - Childre... - B <hifra venace
Console " & Console 3
[11:07:09] [Graphical segmentatian Taol] Entity [TLS/GBL] is not visible in the active 3D view! == | [11:07:08] [Graphical Segmentation Tool] Entity [TLS/GBL] is not visible in the active 3D view!

[11:07:09] [Graphical Segmentation Tool] Entity [TLS/GBL] is not visible in the active 30 view! [11:07:4
[11:07:09] [Graphical Segmentation Tool] Entity [TLS/GBL] is not visible in the active 3D view!
[11:07:09] [Graphical Segmentation Tool] Entity [TLS/GBL] is not visible in the active 3D view!
[11:07:09] [Graphical Segmentation Tool] Entity [TLS/GBL] is not visible in the active 30 view!

09] [Graphical Segmentation Tool] Entity [TLS/GBL] is not visible in the active 3D view!
[11 [Graphical Segmentation Tool] Entity [TLS/GBL] is not visible in the active 3D view!
[11:07:09] [Graphical Segmentation Tool] Entity [TLS/GBL] Is not visible in the active 3D view!
[11:07:09] [Graphical Seg EntatloT Tool] Entity [TLS/GBL] is not visible in the active 3D view!
all rights reserved 2022 spectrum technology co
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4. 3DHbXIEHF

@ cloudcompare

PdD AT —2DMI., kG EEITIA—TV—R
https://www.danielgm.net/cc/

https://hdtopography.github.io/learning/cloudcompare/CloudCompare.html B KD A H EEER

A

RCEN

Cloudcompare% 7 7! hr b2 &)

File>open: /home/masa/shared_dir/bag_to_pcd_out: 2771 JLiER : {5l
ERIRE

ALl RBEIARTHRATHEDESHER TN OITILET, (REDT—2I2XKYET)
e Edit>mesh:Delaunay 2.5D(best fit)

CloudCompare v2.11.1 {Anoia) [64-bit] - [3D View 1]

CloudCampare v2.11.1 (Anoia) [64-bit] - [3D View 1] ) “ Elle Edit Tools 9-‘59__"“ Plugins 3D Views Help -

[+ CNER 3 : K o s Boa v e
DB Tree

=1

+ TLS/GBL
® TLS/GBL
+TLS/GBL
+TLS/GBL
= Octree
v ® 2869.5egmented.m...
© 2869.remaining.section
= 2869.segmented.section
© 2869 segmented.clean
© 2869.5egmented.subs...
= TLS/GBL. E
O, Properties Properties
o Prapert: State/Value

7 Name 2869.segmented

L, Visible

1 Show

=  Colors & Scalar field
X:2.326

! Boxd... ¥:2016
7

1843
X:1.163 o
W hifre v-nass &
& Console v .
o

=+ [14:20:29] [Rasterize] ly saved E ¥ Console /\b\ L)_g_ ~ <7:;

) i . [14:19:37] [Rasterize] Current raster grid 7] b

[14:25:18] [BIN] Ves Size: 3% 3

[14:25:18] [IfO] File Height values: [0 2.165]

[14:20:29] [Rasterize] Raster 'fhome/masa/shared_dirfraster1011.tif successfully saved 6 |! J
[14:20:55] [1fO] File ‘{home/masa/shared_dir/marge_room1.bin’ saved successfully

all rights reserved 2022 spectrum technology co. 22
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@ cloudcompare

PedDREET—ADMI, LB LREFTIA—ToV—R
https://www.danielgm.net/cc/
https://hdtopography.github.io/learning/cloudcompare/CloudCompare.html KD AH RS
FCEf

Cloudcompare% 7 7! hr b2 &)

File>open: /home/masa/shared_dir/bag_to_pcd_out: 2771 JLiER : {5l
EREE

5N ERE: S =D D R EEA T, BREZAIE, ZDHIKXCTL+EV) v I TER

* Tools>distance>cloud to cloud

s RDRBEEAT. BELODERN SLTAAVED )Y

“ File Edit Tools Display Plugins 3D Views Help
v B s EH G e x o
DB Tree

Un

s

= : )
v /4 2869.999148360.pcd (/home/m... -
(7] - 2869 [}
~ /@ 2870.098988360.pcd (/home/m... -
»  ©2870 b
~  + V| 2870.198828360, Histogram [2869]
» o =2870 B
= v & 2870.298668360. C2C absolute distances (9984 values) [96 classes] . . L
PRI . _ = X&d : distance D B {31
/@ 2870.398508360. ; Al
| » o =2870 600 32 | ’ 1
4 7 VI92870.498348360, il 7 r\ Gl l mm?
- 500 i i i = s
' i | 212 VAN AN
Properties Al \ -h% b b )
5 £ 400 : : . REDDTMNTHL
 PropertState/Value ] 1 w3
., Steps (256 300 | | L i a
"~ Visible 200 L]
U L)
I Display ranges ~ Paran 100
" . Codi 0
y | | 200000000 displayeq 0 0025 005 0075 0. 0125 0.5
o C2€ absolute distances
|i 1
e
L -
& Console
. 14:52:54] [If0] File 'fhome/masa/shared_dir/bag_to_pcd_out/2963.198828360.pcd’ loaded successfully

[
[14:57:37] [computeApproxDistances] Time: 0.04 s. .

[14:57:41] [Distances] Octree level (auto): 6 all rights reserved 2022 spectrum technology co. 23
[14:57:41] [ComputeDistances] Time: 0.00 s.

[14:57:41] [ComputeDistances] Mean distance = 0.028475 / std deviation = 0.031349
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Livox detection sim
https://github.com/Livox-SDK/livox_detection_simu
BHEBRHNTETE
FCEf
source /home/masa/Documents/lidar/catkin_ws/devel/setup.bash ImREIZERDC
TE
roscore
cd /home/masa/Documents/lidar/livox_detection_simu

A

rviz -d ./config/show.rviz RlinR e R s T
==

python livox_detection_simu.py 73 i L) T

rosbag play *.bag -r 0.1 Alim=K hecing o e —

started roslal
ros_comm vers

LICENSE

Tensorflow-gpuTEXEL =AY

[RUNNING]
[RUNNING
[RUNNING
[RUI
[RUNNING
[RUNNIN
[RUNNING
[RUNNING 7

]

1

]

]

]

]

]
NG] B: 606361961.74
NG]  Ba 6

]

1

]

]

]

]

EL\? ? 7B

.758983
Duration: 0. amework/cpu_alloca
Duration: 0. 4 . Men: .
Duration 5
Duration
Bag Ti 6 Duration:
Bag 61 Duration: 0.83 /2 4 Bl

[RUNNIN
[RUNNIN
[RUNNIM
[RUNNING
[RUNNING
[RI

NG 33 9 4 o pon .
ING] Bag 6 bpu:2esfii. EFAODTEL
% . e ' R
272633 4 Xl 3 SFE8 - (142877, 425 A
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@ Livox free space
https://github.com/Livox-SDK/livox_free space
EIEHIGNDZEEERA
AT EN

source /home/masa/Documents/lidar/catkin_ws/devel/setup.bash

A

—

Tt
roslaunch livox_free_space livox_free _space.launch
cd /home/masa/Documents/lidar/catkin_ws/src/livox_free_ space/data
rosbag play demo.bag AlifRT
Lidarz BIES B TRIRSEDHIHEE

roslaunch livox_ros_driver livox_lidar.launch

all rights reserved 2022 spectrum technology co. 25
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® Livox relocalization
https://github.com/Livox-SDK/livox_relocalization
ER L=t TEENEELL . EIfEETSHTE
MR I7AILERELRE
cd /home/masa/Documents/lidar/catkin_ws/src/livox_relocalization/launch/livox_relocalization.launch
map_file_path@valueZ® /home/masa/Documents/lidar/catkin_ws/src/livox_relocalization/map

HCEN
source /home/masa/Documents/lidar/catkin_ws/devel/setup.bash
TE
roslaunch livox_relocalization livox_relocalization.launch
cd /home/masa/Documents/lidar/catkin_ws/src/livox_relocalization
rosbag play mid40_re_example.bag Alim>R T

e Line track example:
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@ loam_livox

https://github.com/Livox-SDK/loam livox
LiDAR Odemetry and Mapping (LOAM) T 7 LA LIZHEERL. B DHUEZETET 5.

FCE

source /home/masa/Documents/Iidar/catkin_ws/devel/setup.ash

TE
roslaunch loam_livox rosbag.launch
cd /home/masa/Documents/lidar/catkin_ws/src/loam_livox

rosbag play CYT_02.bag BIifxKT

roslaunch loam_livox rosbag_largescale.launch
rosbag play HKUST_01.bag AliH R T = =

TEEEEL AT

all rights reserved 2022 spectrum technold
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@ apollo

. SIS LS = K -
https://github.com/Livox-SDK/apollo HULMESRLHY .,
https://www.apollo.auto/ BHDOV7.0TILlivoxHNEN{EL
https://github.com/ApolloAuto/apollo FHE A, V5.5EHR

EX7NFS
Apollo 5.5

Valet Parking RoboTaxi ':ﬁff;':yft?: Mini Bus

Mass Production

Simulation Service Component

Security

Data Pipeline

Map Engine Localization Perception Prediction Planning Control
Apollo Cyber RT

RTOS

Computing 2 Ultrasonic HMI
Unit GPS/IMU  Camera LiDAR Radar Sensor Device

Certified Apollo Compatible Drive-by-wire vehicle Open Vehicle Interface Standard

Major updates in Apollo 5.5
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T D7 7 RS

LiDAR-Inertial Odometry : [ETEA K AR Z B UNTHREIOR Y OB E S RERZE) 7 IL2A
LTERTZIL—LT—
https://github.com/Livox-SDK/LIO-Livox

livox horizon, Hap lidar® & %t its . mid-701&livox-mappingZ{ERAD &,

RIREE

ScanRegistration PoseEstimation
LidarFeatureExtractor .
MapManager | Estimator
LiDAR points Global
l feature map
Remove Local
Dynamic distortion feature map > [LI0] [LO|f>{Pose]
objects filter L A
: x
ST MU R e U initializ8
extraction preintegration initialization no
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