Ouster OS-1 545 —¢& Google Cartographer DS

A®BRBIE. Ouster 0S-1 S5 —THIS UIZT—4% & Google Cartographer Z#i& L
T. HIREFT2D HBANEID VY TEER L CVBRRZESR L CVNET, BRIG
#HAT, BRESOHD VYEY T « Va1 —Y3VEBEIT DT, UMTFDEEBTI
—HJ DR, Google Cartographer DK DBEA—T VI —ADTOT S LhZEHE> T,
EDQXDICEARNZY Y EVIEED LT TNKARED, ZORY = FICBENNIZERBL)
F9.

Cartographer Eld. UPILI A AT, BEDTSw D3 —L0EIY—ZEHREIL L.

2D H30\F 3D TESBHEE VY JERZRIFICTD (SLAM) ZREITDIY T
ATTY, SLAM P)LTJ XA BRIEEYY— BIZRIE. S5 —. MU, AX3) H
S5DT—FEMELT. YU —DUBHEE VY —BEDY v IR ZRIICTTRN)
F9. SLAM (3. BEETE. BEDBE I —0J7T . EURROMY L. UAV D
FOBBEEETEWICE > TUBARTYRIZEREIRICE D TUNE T, Cartographer D2
D Z)IL3T) XLADFFEMICEET D, AMSD ICRA 2016 DI ECELI S0,

Google Cartographer TV EVIZERT D

Cartographer [ 2016 £10 BIC, Z—TYVY—XRJOIYxz OV LELTUU—=EN
F U, Google 3. BtF®MD ROS IC Cartographer Z#ftG U CTERTE &% DNH'D ROS
INVT —IEZSAIZ cartogrpaher ros repository (D— IS5 7 —ROS i7EE) ©
1) =2 L. ROS DYR—+ZTHHLTNET,

Cartographer 1>V +—=)U
Cartographer [IIMFTOROS T« A U Ea—Y3VETR—EUTWET,



Indigo
Kinetic
Lunar
Melodic

Google [d. ROS AIC Cartographer Z1BE L. VR b—)L9 D5 EERBEZEY —
ANDSEBLUTNET, HDNE. ROS /N\wT—IE, debian UNY RUNDBSD >0
— R TEFT, UMFDIVY FIE. ROS Melodic BefBA (ROS Melodic distribution)
[CIHNEETSD package &1 YA —)LTEFT :

$ sudo apt-get install ros-melodic-cartographer ros-melodic-cartographer-ros

ros-melodic-cartographer-ros-msgs ros-melodic-cartographer-rviz

Google [, 2D. 3D VY MERMEEDT EETOCENTED,. BV IIT—HESR
BEARHELUTET,

Cartographer 7O XDHE

Cartographer (&, EIC 2 DDOU TV RF A BIS, J0—/NL SLAM. O—7)L SLAM
DOEBREINTNEY, O—71J)LSLAM (3. SRERXBEIFDEDV Y TEERT DIZHIC
RSN, J0—/VUSLAM (& ZNSEDV Y TEZIERRD—HIT DR DICEETED
BREZHICHERLET,

O—7JUSLAM (&, BFARIC—HIDCEZBME L. LA USR8 ERICR U D ~(X
L) ZRD—EDHD VY THEERULEI., O—N/LSLAM [F. SFREVEEMEBIER L
X9, J0—/VU SLAM [, BIDIFIZ L v FTEFEN. O—71)U SLAM [CKDERK
SNEED VY T-EDIL—T20—I v (loop closure) DIURBFAZRDITHLET, Z
LT BAVYyICH LTI —DRAF v YT =Dy FUIT&FIN I—TO0-Y
vaRTLET, JO0—/VUSLAM [, RARRE—HIDT0—-/N)LYJa1—y 3 VERH
FIREHIC. DT —BHEHAATNET,



—\
Range Data

(Laser scan/
Laser range/
Point cloud)

Voxel Filter Adapt
(fixed size) Voxel Filter

| Scan Matching
| (ceres)

i PoseObservation

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| Motion Filter Still :
(linearfangular  ——* I
motion or time) |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Pose

PoseEstimate

IMU Data
(Linear
acceleration,
Angular
velocity)

Fixed Frame
Pose

ImuTracker [ Movement or Old

(gravity alignment)

Submaps

|
|
|
|
i
et |
paes manion : Voxel Grid
+ Update
__________________________ . I (active)
| Global SLAM (background thread) } H
|
|
I
-

Compute Constraints
(INTRA: node + 2
insertion submaps

INTER: loop closure)

I
I
1
1
|
1
1
1
]
|
|
Sparse Pose : InsertionResult
Adjustment ] (time, pose,
! range data,
l 1 submaps)
|
1
]
1
1
|
|

Extrapolate all

poses that were
added later

Google Cartographer MDY X5 A2

Cartographer SLAM P)LTJ) XANDFERZRAAIE, SAF—DOLU—F—DKIZTFER]
ERNEEST (LYY D PV —) BT —DOHESNDERETRIDIBRTI, NS0
LT —E BEEE /A RXERF>TNDBLH. RIDT—HFWERT Y T, /N R/INR
D1 )P Z@E LT RARUR/INDEE (range threshold) DEENDFHAIBRZIRET
BDCELBRDFT, ZORIEL. BRASNDIIFIEDEZ VT —DOYIBIBIUNSBHINET,

0S-1-64 DXIBEBREEL YT —(F. RKEDFHABRELE NI D28, stEDFEHH
NDFET, RBEORRBICXIIT Bz, Cartographer &, MO LT 1 ILY —%EH
L EOINT Y b E—EY A ADF 2 —=TCHDIT YT L, EF a2 —TDEMNEHRD
HRFLE T, Cartographer 3. PF 75+« TMOLILI 1 LA —EBRL. =T v
A Y FBICERET DL DIC, REBMND VYA XZERDFT,

FT=INT 1 ILBICHTENDE. O—HILSLAM PILIUZXAF. RFv IV YFUT
CRKD. ZF vV ZEANALY FDOEDVYY TICHBBALEYT, COTOLRIG. MEBHEERIC
pose extrapolator 77)LTJZLAZEER L. AF v UDEDVY Y TOECICHBASINDD
HARE THE I DEHIC, oYY —ZFERALET,

Cartographer I3, CeresScanMatcher & RealTimeCorrelativeScanMatcher &0



DRFPIUNYFUTEI2A-ILEZRELFT, BEIE. CeresScanMatcher HiHLE
EINFT, CNIEERTINN BD VY TORIBGELDET OEAEIREREZBIEITDCE
MHERZFEFA. RealTimeCorrelativeScanMatcher &, JERICEM T, EANIC, LYY
D7 A I =DAOHDEY T —DoDNDRDESELEESUTCLRNET, LH L. 1
BICEACIRE RN CIIRIEICEATNET,

AF v Iy FVIPMTONDE. E—Y3 VDT 0)LY—(3, BEE. AE. BEICEDILT
DEREZBRIENSBOSNLERAF v YDHNEDV Y TICESFNDXIICAEZTFT, 8D
Yy JlE. O—A)LSLAM D52 5NEEDEET —IEZITIMOLEEIC, FTBLIZE
BIZSNFT, O—NILSLAM PILIV ARG, BRI Uy FELTRSNDT — 988
SNV YT EZDEET Y EREFLET,

0=/ SLAM PILT U AR 8DV v TZIDAH. BEMDENZIO—/VLE
Ny IICRBLDIC, ZNEZEEHR LTI, CNIE GraphSLAM O—f&T. /—F (8
R EFDV Y TEICHREEEL, ZORBR EFRSNDBURI ST ZmEIETD pose
graph optimization T,

J—REBDV Y TICKDIOREEET DIHE. N 53 FastCorrelativeScanMatcher
EMENDRIMDAF v IV Y Fv—ICESNFKT, FastCorrelativeScanMatcher M
+PRABEETZIE (RIERDOVYFUITRXIPYULE)., MIBEBREIEIETDTH. RIC
Ceres Scan Matcher ICANESNZET,

BEIDPILTUXLFHBICEB U T, SBEDCHDP?)V I ZLBEECELIESUN.

Cartographer [CXDYZIalL—Y3VET

Cartographer [CKDIRHEEIND ROS / — FEBAINIL. ROS Gazebo ICLD. V=
Ab—yarvanrzomny hEYyo——AZEH LT Y2V —Y3 VIRIETOMRY
FEBINT CENHERF T, Z L C. Cartographer THERR SNV v TOHBIDEIEI(C.
ROS d RViz W—)L&EBERIDCENEHRZ T, Cartographer ROS /\wT—I(d,
diy driverless car ROS UMY R UJICHESNTNE T,

COTOBRCXI LT, YRalb—yavaniz 0S-1-64 S5 -5 —2A0T.

IMU RKXOBEBETAIZIBLE T, YIalb—YyaryaEsnectryo—oERERFEdE. 5
SHBAFTEZLI, 0S-1-64 [F. MIT L—A=TOY D +TRHESNEZEJEDIY
N—ICBHF=NF T, REIC. WilowGarage world 22U —Y 3V URIRIEE LT
BRL. VY TZEKRLET, WillowGarage Gazebo DIRER T, L—AN—DEMIC




BELZ O0S-1-64 0TV TJ)ILERZEURCHULET !

0S-1 UEDY N— Gazebo Yy=alL—-—Yy3V

Lua s&EI 71U

EESNDRADDI 7 IV, luaBEI 7L TTI, OMY FDEREE. RDOUTEHS
EZSNRTNIERESR) options T—FBENBHAAFTNE T, lua T71IVIE. Z
DOMY FICHBDI 7AILTT, AYTaUL—Y3UTlE, COOMRY FICXTTD
Cartographer 8 € &EHE I DCHIC racer 2dlua MERSNZE T,

RAIC, RECORY RO TF IU—AID ZEEHEULET, CNOSDERI LU —AIL. REP
105 [CEESINET.

map_frame = “map’,
tracking_frame = “os1_imu’,
published_frame = “base_link’,
odom_frame = “odom”,

map_frame (3. EDV v ITEZHTIDDICAHINSNDROS JL—AIDTY,

tracking_frame [&.SLAM 2)L T ZAICEKDEBIMEIND ROS L —AID TOo@=E.
FEARAINDBEE. MU DJLU—ATTY,



published_frame (3. MIBZREHITIDDICAIIGND ROS JL—A ID TY,
Cartographer [3ETEEEEBIEEITORDICEEITDCH. CDIEE. “base link” [C55
EUET,

odom_frame (3. Cartographer H'\ETEEEIEZT DO X DB EINDHES. “odom”
[CERELET, COIL—AE FFIL—TEEEOO—NIL SLAM OfEREFETUET,

RIC. Cartographer & odom_frame &L T. O—AJLT. JEIL—TEEE (hon-loop-
closed local SLAM) T, EfHDNUBEZERAE LU TCEELZET,

provide_odom_frame = true,

use_odometry, use_nav_sat, & use_landmarks MiRTE CIE. INT false \=ELE
9., Nl HERIE odometry, GPS, landmark DA DDENNNSTT,

FRIFZOS1-64 DFT—~% 2D laser scan ELUCABDULET ., F/E. num_laser_scans
DADHETII Cartographer ZIEBRICFEFE L. /scan topic DRT—SDIEHRENIE L
F9., ZLUTC. AT B sensor_msgs/LaserScan topics D =EFE&ELE T,

Nnum_laser_scans = 1,

CY-—RHBUHEICEDETRTEITDIMNMENDNDHDIEZEHN 1 DD XTI,
TRAJECTORY_BUILDER_2D.num_accumulated_range_data Z2#d. 7L AF v~
ZRERITDDICEITDIX Yy Z—IDHEERELFTT ERIE. D)VEERTT), COANE
DT I #)U HMElE. NX—=2R[Z732D trajectory builder 2dlua 77 )LClIE. 1 T, OS-
1-64 (3. 1 @& C 1 DODXyEZ—IZHHITDITH. CNIFIELWNCETT,

FRODEBDHAIL. Lua configuration reference documentation ICHVDZE T,

URDF 2 71U

Oy FOTF YU =%, /tf OFEY ONDSEMT DN HDNE. urdf ORy ~ES
[CEZRITDCENTRETY ., os1 sensorurdf 771 ILEFEALT. MU, L—F—=77/\
—Fv—. BT —EXREOEREFTREIT DCENHRET,

os1_sensorurdf 77 )UIE. BT —ERDIYD “os1_sensor” Z&, N—=XJ>V7D
EUTCEERELEZT.,. COUVDRE 2 DDFIIDONBDDFET, “os1_imu” UVDIE. IMU
DIBEZRL. “osl ldar” UVDI. UL—HT—=PN\N—Fv—DRIEZXRLET., CNIC
KO MWD TE W —DYEKSN. Ouster ROS sensor client TIRESND TF W) —
CIEFEIC—EULFET,




Broadcaster: /robot_state_publisher
Average rate: 10000.0

Buffer length: 0.0

Most recent transform: 0.0

Oldest transform: 0.0

osl_lidar

I REDIFEOOERENE (ETRE) [E. urdf D271 )L TEEEINE T, CN5OY
Bld. OS-1 Datasheet 'S IS TEE T,

Broadcaster: /robot_state_publisher
Average rate: 10000.0

Buffer length: 0.0

ost recent transform: 0.0

Didest transform: 0.0

OS-1 Z#Y—




—— Ouster, Inc.
350 Treat Ave

San Francisco, CA 94110
0 U S T E R LIDAR@ouster.io

0S-1
High Resolution Imaging LIDAR

SUMMARY

The OS-1 offers a market leading
combination of price, performance,
reliability and SWAP. It is designed
for indoor/outdoor all-weather
environments and long lifetime. As
the smallest high performance
LIDAR on the market, the 0S-1 can
be directly integrated into vehicle
facias, windshield, side mirrors, and
headlight clusters.

HIGHLIGHTS

» Fixed resolution per frame operating mode
* Camera-grade ambient and intensity data
» Multi-sensor crosstalk immunity

* Industry leading intrinsic calibration

* Open source drivers

OPTICAL PERFORMANCE

:Range :{].8 m - 120 m @ 80% reflective lambertian target, 100 kix sunlight, false positive -:
rate of 1/10,000
0.8 m - 40 m @ 10% reflective lambertian target, 100 kix sunlight, false positive
rate of 1/10,000 |
|Range Accuracy Zero bias for lambertian targets, slight bias for retroreflectors l
| Range Resolution 1.2cm [
| Range Repeatability |SNR >250: + 1.5cm
| (1 sigma / standard deviation) SNR 100: + 3cm

0S-1F—8y—k

#2271 )L (Launch File)

Cartographer THE T DEMREE. OMy BXOSLAM DY A T EICHRIVA XN
[Zlaunch 2 7 1)V EE TS ETI, CDOYIaL—Y3 VTR ADT—HELT,
YIab—yavanizcMU EU—Y—-AF v U7 -5 ZAT. 2DSLAM Z17>7Ch)
=X 9, Cartographer M ROS MER%EE. racer 2d cartographer.launch 2 7 1 )UIC
BESNET,

os1_sensor.urdf 7 7 )LIXO— RN, robot_state_publisher ./ — R, URDF 2
7L IV TCESSNLREE, /TF FEYDICH U THEITUET,




cartographer_ros ./ — REMEAESN. racer_2dlua 7 7 1 L EFHRHAHIAA TEEN T
nNEd., MU EUL—YT—RFvY7—9E, ZN5OTIAIIL D REYDODHS, VY=
Alb—YyavaEnreOmy & OS-1 BV —ICRDEHATINDREYOIOA, Uy T
NnZEd,

<remap from="scan” to="/scan_sim” />
<remap from="imu” to="/os1_cloud_node/imu” />

i #® [C . cartographer_occupancy grid node ' E 7 & N ¥ 9 ,
occupancy_grid_node (& SLAM [CKDFEITSNLEDVY Y TZEEND. ZN5H5
ROS occupancy_grid ZBELFET LE T, Vv ITDERISSHTENZH. Vv TDE
HFIRWDA—-F—-ELFET,

CoEF I 7 1)U (Jaunch file) [F. KOBLNWYAFTAYIaU—Y3ViEs) I 71 )b
[CE=NET,

YZalb—Y3avnDEST

YXaUb—Y3aVERI. rc laser maplaunch 2 71 )V CTERSNE T, CDI 71 )b
. YTaU—Y3VERKRIC, ECOEETDIYR—F ROS /—FRZO—F LU,
Cartographer DEE T DIZHICUBRT - ZEK LE T,

D271 IVDRFDEDTIE, EODDINSAX=IDFTI# )L MeZEZL, Yol —Y3
YDARINA XERIDCENERET. CNSDEBEIR. Y2 —Y 3 ViEksc D
NYRSAUNEEEESITDCENERET,

RIC, BUEDT—ILRDI P2 ILEFMHAA T, Gazebo YTal—Y3avhBEBsN. &
VY —EREULZOMNY FOREERDFET, ZUTC £OHD/—RHO—-Fasn, 21—
HiE. F—R—FOI3 1M RT 1 vOTONY FZFIEHTDCENERDKLDICRDZFT,
Z U, pointcloud to laserscan /— FH0— &N, 3D KN 2D UL—H—XF v
VICEBREINFET, CNICKD., STENBICY VY TIVICIED, Y ZATLAORREBIEN LU
9, ROS /—FIClE. L—=T—=2F v VDABDDHIM L. PointCloud2 MABDICXT i L
TWENWEDEDHDF T REIC.racer 2d cartographerlaunch 27 7 1 JUHET SN,

AR DIFEDREICK D Cartographer DEEENNEITSINE T,

MROETZE BEMRERNZETET — T dkFam UIZENDTI, Cartographer (&
RViz TS50+ VZRH L, BV vy T, Bl BROTREEIEEICLTNET,



0OS-1 UEIJ V& Cartographer ROS Gazebo ¥Y=Xal—Y3V

BENHRICY Y TENDE, Yy TTP 1 VBRETEBELIICAD, T, O— KT
SBLRIICBDFI, cNUd map serverROS /Ny T —IICKDRITTEET,

rosrun map_server map_saver —f /tmp/my_map

CNIEKD 2 DDIT 7 AIVBERSNE T, YAML T 7 1I)UId. ¥ v TDXIT—H %5
AU, BRI 7LD ZITNET, BRI »MIUIE &BFT 52TV 3I—- MU
FI. GBI Uy Ry TOYYITNEERZEMRICRUET,



0S-1 UEDIYE@mROS YXalL—¥ 3 Cartographer ¥v J

EHRT—-HLEED

RDRAT I Y22 —Ya VRENSRBRDIRE N CTOETTY, Cartographer
DIZATFAHFREF. Y22 L=y 3V TEINTUED EHRTINESNLZT—FICEDL)
TEEEZERTIDCLIBHTERRCETY, EHRDIRBEEZRIRT DINSREE D/
IA—IBERPIHUEERDTLLD, FBLEBDIEIVAH—ICEEHEINEZ 0S-1-64 H
SINEENEZET—PICEDE 2D, 3D E— RO T Cartographer &7 U CTNEF
7.

1Y RPTHOT—HRE

BADATYIE BADRENST - ENETDCLETT, HEJEIVA—DHHIN
TZEERTIDEIC, KOBRHTROFESNLEIREDNS, T—IZWNRELFT UL D, BHID
BICE. UMTFOBEICHIXDIC, OS-1-64 H'PC EHRICH— HTES>TNET,



T—INEDEHICAH— FITEHESNEZ OS-1

N—FENZaPIVTHA D« ARZEWLUTREILK UIC, BED ouster_ros YT —/\Vy
T—Y%, YT —0DBEDPROS Q1A —TJx—AEUTERLEUR,

os1_cloud_node/points 8LV os1_cloud_node/imu topics HEeigsNzE L
z

ROS bag 7 7 JLDIREE

Cartographer ROS (3. cartographer_rosbag_validate U\ DBa1INDY —)LZiEH U,
B0 bag OPICIREDHDT—HZEBENICENTLUTNEZET, IELBNT—HZEEIE
I BIEWHICIF. Cartographer ZF 21— (BE) FIFIIC. COY—ILERTIDC
EHN —BHNICRNWEEZFT,

Cartographer ORRBDREBREEIC. bag RICHDHEBHRRSEHENZEETDCE
NEEFET, COVYV—ILIE. T—YDREEREITDIVEEREHLUTUET,

Y—)VIMTDIVY FTEITIDCENERIET,

rosrun cartographer_ros cartographer_rosbag_validate -bag_filename <bag
filename>

CNICKD, UMTFOEAONEENET !



18526 13:11:87.732892 16925 rosbag_validate_main.cc:398] Time delta histogram for consecutive messages on t
opic "/osl_node/points" (frame_id: "os1"):
Count: 1884 Min: ©.850000 Max: 9.858000 Mean: @.858e080
18526 13:11:87.732954 16925 rosbag_validate_main.cc:398] Time delta histogram for consecutive messages on t
opic "/osl_node/imu" (frame_id: "osl_imu"):
Count: 5424 Min: ©.809776 Max: 9.818224 Mean: 0.809999
[0.009776, ©.009821) Count: 6 (@.118619%) Total: 6 (0.110619%)
[6.009821, ©.0089866) Count: 16 (0.294985%) Total: 22 (0.485605%)
[0.0098566, ©.0889918) Count: 27 (@.497788%) Total: 49 (8.983392%)
[0.0099108, 0.809955) # Count: 349 (6.434366%) Total: 398 (7.337758%)
[0.009955, ©.010008) ##na AR H Count: 2417 (44.561211%) Total: 2815 (51,898968%)
[P.010000, ©.010045) HERTHARE Count: 2217 (48.873894%) Total: 5832 (92.772858%)
[@.8100845, ©.810089) # Count: 345 (6.360620%) Total: 5377 (99.133484%)
[e.010089, @
[@.810134, @
[*]

.010134) Count: 27 (@.497788%) Total: 5404 (99.631271%)
.818179) Count: 14 (@.258112%) Total: 5418 (99.889381%)
.010224] Count: 6 (0.110619%) Total: 5424 (108.eeeeeeX)

[0.010179,

Cartographer ROSbag &5 1

Cartographer O=1T

demo_cart_2dlaunch 2 7 1 I)V&EE > T IRESNE T —F&BE L. Cartographer &
EITLEI, COITPAIVIE cart 2d]launch 771 )LZ@&UL T, Cartographer Z&id+
A demo_2d.rviz F#ED 7 )LV TR SNITEREZSRIICRE LT RViz Zikgl L, 3
VY RESAUNED bag_filename N A =S THEETD bag 771 ILEBELFET,

cart 2dJaunch 71 )UIE. os1 _sensorurdf I 71 )ILZ&FHMHAAT. Cartographer
DNHEEREIND IMU &2V T —8RDBDZE R (transformations) Z1T0\&X 9, 2 LT,
cart 2dlua 88E D 7 1 )L &FHAA T, Cartographer ./ —FZiEgILEX I, Y=ol —
Y3V THERSNDRED 71 ILDBIE. EDODDEERNFELXT., :

N— HICIEETERRESHAl (odometry) DY —RHYFHE LEL)
use_odometry = false

LaserScan 15 (message) TI378<. INT PointCloud2 1ESZEMA
num_laser_scans = O,

NnumM_point_clouds = 1,

Mei&E@k. T AV EDODADRE Y DI, cart_2dlaunch I 71 IILPICY AT ADED
FRIREVORBERMLTUNY Y TESINZET., SHRIE PointCloud?2 ~EwW D ZEFHATUL)
BDEH. “AF vV’ FEVIODOHKDDIC, ‘R VR FEYORIYY TEINFET,

<remap from="points2” to="/os1_cloud_node/points” />
<remap from="imu” to="/os1_cloud_node/imu” />

B1&IC. cartographer_occupancy_grid_node ZRE LT, ¥Yv IZERKLET,

—EDNTOEZA—ANZEMRDIVY R TERIFTTEFHT, !



$ roslaunch rover_2dnav demo_cart_2d.Jaunch bag_filename:=cart.bag

MROERICTILDIC RViz [CEDVYy TERTOCRAZEZY —IT D ENERFT,

R SSSSSSSsSSSSSsSSsSsSS U U T EEE——————1 11
fhe pueis il

Armes | T e O [ e feomCemes  wemey S Dbmelimas o DNwied @ Aabiren ¢ -

O nime
ROS Time: 131191764477 OGS Clagsed 474 wall T 155850000597 Wl tlapsed 1241 Uxperimental
Wt Mg

RViz ET® OS-1Cartographer ¥ v J4 %

MRICTRSNEY Y TORBMERLET,

Cartographer [C&EDIEKRENZ 0S-1 Vv J



RC (JEDY) N—LT Cartographer Z£139 3

Cartographer [FEHERDT—H L TERITTEDTH. Cartographer ZBEEOMNT 1
DR IRATNAERETELT, COPITIE OS-1-64ZRC H—=T Sy ~Dx—AICHE
HLFET., YRATAICE OpenMV AAXSEBEH L TCNEIN, Cartographer ¥ 25 A
TREBLEE A, E@IE. XMy ORIV ~O-5—CRBRIENIEETI, T TCONIE
[&. Arduino Uno ¥ & fitlet2 T, E—H—ICXILTRFPU YT EROY MILOEIED
VY RZEBININIETEETT, A7y FPvTJE MEINDYZaL—Y3 VY IYRFTAZRERF
FNRLEENTT,

MRETRR UL Y RT AOEKRTT,

OusterOS-1 & OpenMV O XS DEE =Nz RC H—

RC N—%ZIRSOKIZE. diy driverless car ROS UMNY kU, $35(C. rover 2dnav /\wir
—INBAEINZET, RC h—=V_aP)UREI B rc_dbw camlaunch #&1>
PAIWVEFEBLUTCIRTLAERAY—FUET,




2DCartographer 24254 >V TE{TI D

rc_dbw_camlaunch 2 71 )UId, Y31 RF 1 v D /) —F&EHMAAT, X Ny 23
Y EO=5—Nn6, AT PIIVITRKIVUROY RILIDVY RENEBLET, 2L T Cnb
[&. L298N_node ICE 5N T, Arduino Uno EMDRIENTHNZE T, rc_controllaunch
D7 A IO GHRAFTN. EODDHIEIESOEBENRAILY Y D 1 LY —DieE %,
robot localization Z@ U TCITNONET, EKF J — FIE, ETERHBH (odometry
information) Z5t& L. ZMD#%&. Cartographer [CZDBHRHAESNF T, OpenMV 7
XS RSA/\N—=J—FE, 0S-1 ROS @fICkEINZET,

Cartographer [&.rc_dbw_camlaunch 27 7 1 )LDic@lsd. IV F S+ D 5. map
Mt (map argument) Z True [CEREIDCETERITTEFEI, CNICKD,
racer 2d_cartographerlaunch 2 » 4 JU Z & U T . Cartographer @ #k .
pointcloud_to_laserscan / — F &g LE T,

BHBRDERD . os1_sensor.urdf T 71 )UIE. racer 2dlua 271 ILH5., BRE#
(component transforms) EEREZFHHMAHET,

VAT AR MFDIVY FERTIDCETERITETEI,

$ roslaunch rover_2dnav racer_map.launch rviz==true map:=true

cartographer:=true

MRICRC A—DVZaPIBRERDA Y S+ VUV y TEROEBRZRLUET,

P SR —— — e

RViz ET®» OS-1RC A—Cartographer ¥ v 4%



77354 T Cartographer3D /N1 TS54 V&RTID

RC h—ZiEF 985, YVyEVTICABAESND )Y —XADWESICHIRZRITT. Cns
DIV —R%Z, ETPTHAOMDFBHFER. FSRE. HEEECEEATEdLDICUL
FWEBZFET., LU, IRESNET—FZF TS5 Y TUEBTENE. SVF1A (E
FICE T DEE) DHIHL S, KDBRSNET,

offline_node I —=F—=8D/\Vw T (bag) [CX LT SLAM ZR179 DRRDTIET
9., FEYDR FoLE<ENTIC, ZORDDIC, TFOIVY RS YD LHIEEIND
bag BFEDEZYY—FT—FZ2HZHAICTETEIT.,. TNUHNDOKRICE L TIE.
cartographer_node MK DICHEEELE T,

Cartographer [& 2D €E—RFTE. 3D E—RTERBLE T, 2D /N1 TS51VIE 2D
2FvE2DYIVYIICYYFUITIFTDCET, 3DoF (BBBE (% y. I—) B
DIMEHELFT T, ZNICEBNT, 3D/ TS VG SBDRF vy EIDYIVYT
CNYYFUTITDCET, 6DoF (6BHE ' x y. z. O—Jb, EvF. 3—) EBEH
ELFET, 3D T RVizE, D NATUy FigRITU v FD 2D BEOHZRT LE
g (JUART—=)LT),

2D SLAM #3316, LYY (8 T BIOBRY —XANEITEUP
WA ATBTEFT, H>TIMUBZTY 3V ERDFET, 3DSLAM Tl IMU &=
KR IDMUENDDFT, BEESE IMU BRF v VIHAOWMEEECERSN. X+
v IUNYFYITDEMSERNRICIERLTINDINSTT,

RCAO—FT—9ZFV 3514V TEIIDICIE MTFERTUTIES):

$ roslaunch rover_2dnav offline_rc_3d.Jaunch

bag_filenames:=patio_16mar2.bag rviz:=true

COEREN D 7 1)U, racer 3dlua TP A ILHDOEREZFTHAHAET I, CDRED.
LaserScan E50OHRNDIC. PointCloud2 FE W OZEEIC (subscribe) LWWEET,

Nnum_laser_scans = O,
Nnum_subdivisions_per_laser_scan = 1,

NnumM_point_clouds = 1,

offline_rc_3dlunach 271 )UIZ. points?2 XV imu FEYDEIYY TTFTDBDT,
A0S5S4V ) —RlE. U—F—AF v I TEL, SEESREVBTEZET,

<remap from="points2” to="/os1_cloud_node/points” />
<remap from="imu” to="/os1_cloud_node/imu” />



Cartographer Assets Writer /N1 754 VDRI

Cartographer [, SLAM Z)LTJXAZRE L TNDDT, BIC. OMy ~OEEIEIR
B3, R - RROEERT =Y AR INE T, CNICKD, RERAZINIE Y Y T3,
Cartographer MER CEDIRESRBERBRERZNIT,

Cartographer [, ZORBRT —H X%z, EONDD.pbstream T 71 ILI A =N kIC

PILEL. BTICEENDT —HEEE. Cartographer RS CTEASNE T,
Cartographer (3. MEHICHEBTETDIXIDIC, WEBLUIZEIY—FT—YDEEAEEE
H (RFvD) LET., LN L. Cartographer Tld. cartographer assets_writer Zf&
A LT, pbstream 7 7 1 ILICIREFSNLOINERE. bag 77 1ILICKRESNZZY
IFINDEIY—FT—IEHEASHETCIVEYTZTU. BRBEYY TZEHRT D
ENERFET,

Cartographer 22754 Y ./ — R TR{TI DHS. pbstream T 71 JLHDBERICIREF
SINFEI., cnld. gD RC A—DBI TEER T=ET,

$ roslaunch rover_2dnav offline_rc_3d.Jaunch

bag_filenames:=patio_16mar2.bag rviz:=true

mAR EDENDTIE, pbhstream 2 71 ILOREDER T,

INFO] [1558995224.810463242, 15527644084.998767479]: 18527 15:13:44.0000800 offline_node.
Elapsed wall clock time: 399.675 s
INFO] [1558995224,818559515, 15527644084.998767479]: 10527 15:13:44.0000080 offline_node.
Elapsed CPU time: 469.331 s
INFO] [1558995224.818623651, 15527644084.998767479]: 18527 15:13:44.000000 offline_node.
Peak memory usage: 96396 KiB
INFO] [1558995224.818678316, 15527644084.998767479]: 18527 15:13:44.000080 offline_node.
] Writing state to '/home/ouster/Downloads/patio_l1émar2.bag.pbstream'...
Optimizing: Done.
[ INFO] [1558995225.327851514, 1552764484,998767479]: 18527 15:13:45,.0088000 constraint_puilder_2
2d.cc:281] @ computations resulted in @ additional constraints.
[ INFO] [1558995225.328047523, 1552764484.998767479]: 18527 15:13:45.000000 constraint_builder_2
2d.cc:283)] Score histogram:
Min: 8.618816 Max: B.744464 Mean: ©.656487
.618816, 0.624180) #it# Count: 12 (17.142857%) Total: (17.142857%)
.624180, 0.637545) HE## Count: 15 (21.428572%) Total: (38.57143@%)
.637545, 8.658910) #a# Count: 11 (15.714286%) Total: (54.285713%)
.6508918, 8.664275) #### Count: 13 (1B.571428%) Total: (72.857140%)
.664275, B.677648) Count: & (5.714286%) Total: (78.571426%)
677648, 0.691004) Count: 3 (4.285714%) Total: (82,857140%)
.691004, 0.704369) Count: 2 (2.857143%) Total: (85.714287%)
704369, 8.717734) Count: 2 (2.857143%) Total: (B8.571426%)
.717734, ©8.731099) Count: 4 (5.714286%) Total: (94.285713%)
.731899, B8.744464] Count: 4 (5.714286%) Total: (100.800008%)
[cartographer_offline_node-2] process has finished cleanly
log file: fhome/ouster/.ros/log/c1388274-80cb-11e9-8d5a-b808cTad8836/cartographer_offline_node-2%.log

OS-1RC 7—=/%F4 0541 > CWIET B Cartographer

DAV, FVSAVE—RTORITIFETIE. BFBD Cartographer U —EXZE> T,
IRTE (DL VR OBMBEREICR T I D E T, Cartographer [CALY FDRFT—H R
ZYP)UEESEFET,



gi@n., MURDIVYY BT Cartographer &4 >S54 Y CTRITCEEI, -

$ roslaunch rover_2dnav racer_map.Jaunch rviz:=true map:=true

cartographer:=true
X, TR T LET,
$ rosservice call /finish_trajectory O

Cartographer [C. ALY FDRFT—H %, pbstream TP AIVICTV I PS4 XTI DK
SCERLET,

$ rosservice call /write_state xyz_your_file_name.pbstream
CNICKD, pbstream 7 71 ILEEKSNE T,

pbstream 7 71 ILOATTENIRE. N1 TS14Y (FB) DIV T+ I —y3aVid lua?
PTLIVTHRELT. T—HWBEHETEEYT, CO/INA TS5 V&EFEBLT. SLAM =
BHr—Ad7z, BU0. D)LY, BRIET 42—V Y b THAHTEFT, Fll3.
Exploiting the map generated by Cartographer ROS ZZ8R LT IZ&),

assets writer [&. PointsProcessors M/N1 7514 Y ELUTHESNTWNWE T,
PointsBatchs @& 70ty Z&ERN. TNZNINTH. TOy P ZEEDBEDHEIIC.
PointsBatch ZZE CEDMAEND VXTI, FMATEER PointsProcessors (3. £7C.
cartographer/io 577« UD FUICEZRSN. SAYI DI P A )UICEHRFESNTNET,

INA TSAVEERTDIEH. UTFOIVR—RY +EFARLUET,
e  min_max_range_filter : BT —D'5HITEDNH. BRI EZDNT Y LERES

e action = "min_max_range_filter”,
* min_range =1,
*  max_range = 60,
* voxel_filter_and_remove_moving_objects : T—=FICKNICILD 1 LI —ZD
(T, BNWTLWERNEBONDZATI D FOMA Y FDHEBESED

* action = “voxel_filter_and_remove_moving_obijects’,
» voxel_size = VOXEL_SIZE,

« write_xray_image : ¥5&BAD “X-H#§" Vv IE1—ZFEKRLET, CC TR N
DEIYA X DREESD TEDRIVNERT Y R DBNGN. Yy TD X &
KUY ETHOHHRETEET,

e action = "write_xray_image”,



* voxel_size = VOXEL_SIZE,
e filename = "xray_xy_all’,
e transform = XY_TRANSFORM,

* intensity_to_color : N1 > FOREEEZHBL. M1V ~ZENS—ETEET,
REERZBRA LT BEEZ[O, 255]ICBELIAH,. ZLT. COEZNAY
FDRGB ELTEARLEY, MEBED/NATS1VDERAT—IE. NS—DIRT
YV EEBRDFET,

* write_ply to stream a PLY file to disk.
* action = "write_ply”,
+ filename = "points.ply”,
»  write_probability_grid: 8RR DEREE (resolution) THEEXRT 1) v R (probability
grid) Z{FRX

* draw_trajectories = true,
* resolution = 0.05,
* range_data_inserter = {
> insert_free_space = true,
> hit_probability = 0.55,
> miss_probability = 0.49,},
* filename = "probability_grid”

TRSNC/INA TS+ V—A%. assets writer rc 3dlua BEI P A ILHDSREEITDC
ENEERFET,

assets writer_rc_3dlaunch #2817 71 IV T/INA TS5+ Y EERITIDCENEFEKFET, C
DFEEN T 71 ILDINRE LT, pbstream I 7 IVESRR T D EICTFELIZENN,

$roslaunch rover_2dnav assets_writer_rc_3d.Jaunch
bag_filenames:=patio_16mar2.bag

pose_graph_filename:=patio_16mar2.bag.pbstream

assets writer /N1 T 54 VId. MTOEDE X FEEEIERUET,



i

-

OS-1RC h—H5 0 Cartographer X {R /1%

assets writer /N1 7354 VI(d, BRIy REEKRTEET,

0OS-1RC Hh—NH50M Cartographer i8R v R

Z LT, CloudCompare DEIOIBEREE 1 —DH5, ply IJ71IEBEETEET,




0OS-1RC H—0 Cartographer ply 2 7 )L%Z CloudCompare CTED

BoiE#EDH

localization-only (BEUIBHEDH) E— T Cartographer ZEA LT, 5tEIEE
ZEIE T D ENERFET, CNICE. REVY TINI TICHEKREND > TNNDT ENFIIR
EIRNFET, Cartographer [FBIFEDVY Y JICXIL T, SLAMPILIUXLAERTUE
I FLNWY Y TEERTEE E A

COE—FRZEBWETDICIE. UTDEREDENDNHNEBICEDET, :

TRAJECTORY_BUILDER.pure_localization = true
POSE_GRAPH.optimize_every_n_nodes = 20

NI, racer 2d localizationlua 52E 0 71 IVICRBRENE T,

Z U, racer 2d cartographer localizationlaunch #8127 7 JLZERB LT, #iL
V\ERRE T Cartographer Z217 L&Y, CORREIDI 7 )LIE. load_state_filename
INDA—BDEHRETDUENDNET, CDOI 71 ILBIE. Bl THERSNIZ pbstream
271)LTY,

BolUB#Ed. BEuDnBERETZEMMEIICHICERRCETT, UTDBIRTIE,
RC A—NRIERNZRE UICBOB B HEEDIIMEEFEB TRR L. Cartographer 1
OS-1 S48 —FT—9Z&FARLTCETONIMZHETELTINET,



RViz LICHITD Cartographer M 0S-1 & RC A—DBESB#ETE

Docker Container T Cartographer ME1T

Docker M1 V2 +—)UsRBAE(E. Docker documentation NSESWHRET, 2TV

3V TIEA—H3d. Docker Z Linux Ubuntu 75w kD72 —AIC, 1IBHEINEZ install-
dockersh ROUTRZEB>TA YA F=I)LFTDRCENTEZY, CORXRDITHEMUT
NDIVY RTEFULET !

$ /install-docker.sh
Docker D1 V2 L—=)UIN—=Y3VF. MR TCF TV IOBEFKFT :
$ docker --version

VT FTERIFTIDFEIC,. IVEQA—HETO—NIVICEREEBET DHNDIC,
Docker Hub 'S RFTEERZES T D EEHRFT ., run-dockersh HMEHEN. C
NICKD., RFBEZIBSTE. ROUTMEBTIVTTEERITCEEI, run-
dockersh RO U TEDEFICKD. &FD Docker IV FF&SIEH L. ETTEX
EP

$ ./run_docker

IDVTTAEICADE, FMATEIDRM I 7IILDETCEFTTEFI, £F. OusterOS-
1-64 T—S DT> T )% Docker VT FD/root/bags/F+« LD ~JICIE—ULE
§—O

$ cd /root/bags



$ curl -O https://data.ouster.io/downloads/office_demo_9_25_19.bag
BAIC. cartographer_rosbag validate / — RZEEL), bag DREBEER/NZET,

$ rosrun cartographer_ros cartographer_rosbag_validate -bag_filename
/root/bags/office_demo_9_25 19 bag

ZLUC. Cartographer 224254 >V TERTLU T, pbstream 2 71 ILEEKRLZE T,

$ cd /root/catkin_ws/src/ouster_example/cartographer_ros/launch

$ roslaunch offline_cart_2dlaunch

bag_filenames:=/root/bags/office_demo_9_25_19.bag

RViz £ TOS-1 Cartographer ¥ v J&{EK I D

B#%IC. assets_writer_cart_2d]launch 2 71 ILEF>T. Vv ITBEEER LU
ER

$ roslaunch assets_writer_cart_2d.Jaunch
bag_filenames:=/root/bags/office_demo_9_25_19.bag
pose_graph_filename:=/root/bags/office_demo_9_25_19.bag.pbstream

CNT. BHpng 77 ILHBEETETDXRDICEDET,



$ xdg-open office_demo_9_25_19bag_xray_xy_all.png

0OS-1-64 H50 Cartographer X {&Bi{&

$ xdg-open office_demo_9_25_19.bag_probability_grid.ong

0S-1-64 H5®M Cartographer X1 w R

BEEBZDZFIH. TOS1 & Google Cartographer] ICRET B . 2D IV AN, &
RICBBRBERICENEERNE T, S, Ouster DT # —5 A forum.ouster.at
XD, AVSAYD' I —Rresources ZF T w2 LU THREN,




