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£ E—#n i B 5E i 1IN 2R g AL . (B2, B IR
FR R i SEAN LA R AT XS AT WOT BANRE S R R AR R %, S EHENLS NIBITI
IR TP LR ZE 2 A TR B o DR R — i L, 2B 4 SR A S AT AL o

TEINT by N 2 5325 Py AL THE . BOCEARTH M N EREREN RS
Pitoa ALty Bty o N TR BN B0 T IR IS B HO A e T o 322 PRI SRLVA A M L A R 21
FIULHS« AL FT U 2 Py JF BT R 5 o 58 SRl — T P i = B
t I 20 ST OB I 553 5 Qg o R R BEIRAE £, I 21 ST IO TR T8 A 3 1 o ) 7 25
it SONTY . ARAE b — S8 B TR TA AL I P A AL 22 T e, I 0 4m 21 24 iy
I 2t 41 LI TR B OE AR TS Sl TH I R TR Ty, THEAS 2 AT
ZN TR L INME T 1 IRAETY ., RGBT RS E M B Ak bR &b, 153K
WG R B Py o 2 TR, BHEAILECPY 5 QT HIRFE, JF i/ MUERHIERE B4k
RAET B2

WO BLAETH L 10Hz S AT, i SO sg gt inE e . M
Pt ER UL 2Hz MAIAIZ AT, MR 55 SRS B PR 2 DK T Tt Il o SR B Pl DASE Ly
A5 LA Al TH AT B AA E, SCORIE 17 2856 H A%
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o.°r 55 R AF

JFUR LeGO-LOAM HESE A 3cAT A0 2 i tH A ORAF DORERN), AN T BINE.
REEIVERE AL B AT EE R, AL SCAS SO A R A7 S i A THA R R Th g - IX

FRERF AV, BT AR E KITTI HEEAEOE SLAM R4 T I,

DAL Py S ME R R A T 228, AR B St R KITTI Bl de iR tE B s 2

KITTI #4472 3 T HDL-64 2Rt B ii s il],, HIH— AR S50 2083,
AR M, KPR B R 7 AT . B&)5, BT HDL-64 FISOLAm f
ELiE/N, DRI AS SOBs 5 20 S BR S 4 T 7 S O R s in £ 55, Bk

2R

extern const int N_ SCAN = 64;

extern const int Horizon SCAN = 2083;

extern const float ang_res x = 360.0/float(Horizon SCAN);
extern const float ang_res y = 26.8/float(N_SCAN-1);
extern const float ang_bottom = 24.8;

extern const int groundScanlnd = 55;

3.9 &1%F KITTI BHEEE 5 5 25

Bt 255, I LLE laserOdometryHandler R0 I ZARAE HIARHD,
XA ZEE RN, KITTI il A0 B BAER ORI E 2 — 14T 12 FI

JERE, ATUAMEARR TR ERE, 5 = MEARME.

laserOdometry2.header.stamp = laserOdometry->header.stamp;

laserOdometry2.pose.pose.orientation.x = -geoQuat.y;
laserOdometry2.pose.pose.orientation.y = -geoQuat.z;
laserOdometry2.pose.pose.orientation.z = geoQuat.x;
laserOdometry2.pose.pose.orientation.w = geoQuat.w;
laserOdometry2.pose.pose.position.x = transformMapped[3];
laserOdometry2.pose.pose.position.y = transformMapped[4];
laserOdometry2.pose.pose.position.z = transformMapped[5];

Eigen::Quaterniond q;
g.w()=laserOdometry2.pose.pose.orientation.w;
g-x()=laserOdometry2.pose.pose.orientation.x;
g.y()=laserOdometry2.pose.pose.orientation.y;
g.z()=laserOdometry2.pose.pose.orientation.z;
Eigen::Matrix3d R = g.toRotationMatrix();

Kl 3.10 2k 5 PR A% 0o XA
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V. SEE5 54
1. SEIG RS
(1) B R G05 ik
AICPRBEEOE SLAM RGHAHZ 475 Y Ubuntul8.04 #4E R4, JF5k
T ROS-melodic 217
ROS W EZH il o L HAF L 4.1 Fos.
# 4.1 ROS FEAH K

EARN Thie
T PATHIT R TR B DWW RAERGH S DA, T RAER

(node) FH RIS

TS R B R R, — AN RURAT BT B Rt 2

-
ﬁ% FEBEAT RAXBFEUE BRI R o (7] — 5 s AR AR RS A I A AT BT B 22
Hopie? NG, EE BRI .
HE T B RAE A B AR, AR IR AR L R I AT I 45 R AR RT LA v
(messang) Bo

M S5 (service)  HRS5Z S —FdE R, S AR DA

T THE L TEEAIR ST 9% R T AR BIR R R -

. ReP=)
21 ( i;ﬁ Dﬂ)ﬁ‘%‘) (AR%client)
_"ﬁ‘}‘l—;_( Zi%ﬁ‘ '\lﬁ@ 3SR 1 )
(RAGE) NG 315Y) N I a2
T GTHZD R
AN (fR%server)
(@) 19 A5 ] G R A (b) 717 RS

Kl 4.1 ROS {57~ = &

AR SCARHG B T R A58 Ubuntul18.04 T ) CLion 4 P 8% o 1%4% PF o8 S RF
cmake T, Ff HAE0S SN — B g 19 EL AR T $0AT S0, 528 T cmake AR
I PR

TBAT AR T 75 B 22 25 1 % S PR B NS REFRAS A R R P
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R A2 WO L X R R A

B A
OpenCV 343
Gtsam 4.0.0-alpha2
Python 2.7.17
ceres 2.0.0
PCL 1.8.1
Eigen 334
CMake 3.10.2

TR 4.2 RN 2R TTE, A AEAZ MEER .
(2) KITTI $#4E

A A KITTIL Bl 40 R Gea ATt . KITTI #dis 4 78 [ R /R B Je 28
B Nt PS5 NG T e el pa W 3 = Il 1) T ok = N RS B At 875 =
RN BE PRI EE 5 . 2880 56 T PRI AR MR (stereo), Dt (optical
flow), A3 BE (visual odometry), 3D #)4&#5l (object detection) 1 3D R i
(tracking) 3 THRA AL W BORTE Z2 B R BT BE -

KITTI A5 T XL 2 A a2 B 55 37 5 R 6 1) B Se BB, 70 AR
Mol B 7 N P #k. BB M2, KITTI BEERAE T 00-10 3% 11 AN K
B AL, T PP AR SLAM REGEHIRCR .

86: 2011_16_63_drive_0827
01: 2011_10_03_drive_0642
82: 2011_16_63_drive_08634
bration] [racets] 93: 2011 09 26 _drive_0@67
@4: 2011_69_30_drive_e816
- 85: 2011 69_30_drive 00618
xation] [tracets] 86: 2011 _99_3@_drive 08820
87: 2011_69_30_drive_0827
08: 2011_69_36_drive_0028
89: 2011_69_30_drive_08633
16: 2011_69_30_drive_0634

2011_09_26_drive_0019 (1.9 GB)

(a) KITTI £dfs i1 73 bl Be (b) FLAB ST B2 HR 7 0 040 B
P 4.2 KITTI $d4E
(3) AL
ARHT ROS R4 T rviz BAFXS € A7 55 8 B RS AT Al A . £E rviz
LA AT KITTI RS AL RGG 2L, 73E] s UL
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R AHEEE R BRILLSE, rviz 0T DUEMTRIE ROS H &R L AR 1
HRFRR AR o

Eile Panels Help

f=yinteract %" Move Camera [ JSelect < ForusCamera == Measure # 2D PoseEstimate . 2DMavGoal  § Publish Point + =_ &
£ Displays e views g
- & Fc;:xelzlall:lgfntleuns mop Type: Orbit (rviz) = Zera

Background Color [l 48; 48; 48 = Currenkt V... Orbit (rviz)

Frame Rate 30 Mear Cl... 0.01

Default Light v Invert ... )
= @ Global status Target ... <Fixed Frame>
@ Fixed Frame  Notfdata. Actualerr... Distance 10
» % Grid 7 FocalS... 0.05
FocalS... v
Yaw 0.785358
Pitch 0.785398
» FocalP... 0;0;0
Add Save Remave Rename
(2 Time x|
ROS Time: |0.00 ROS Elapsed: 0.00 Wall Time: 1684560921.13 wall Elapsed: 6.42 Experimental
Reset 31 fps

Kl 4.3 rviz ARSI
(4) evo WAL TH
evo LRAL TRl SLAM RGPEREN TR, HA XL/ #r RSB
5, THEAFEFAME . AN AR ZE S S HE A 1 20 57 25 15 22 FAR X AL
LERFEDIRE o
2. RGLH
(1) ¥ KITTI Eds S 7450 bag SCAF
ASCHET KITTI #idi 46 07 Hdls BoshBos SLAM R Gk A7 I, T4y e
53 07 BE B o

4.4 KITTI B84 07 Bl B o TR s B A 1
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4.6 KITTI #4507 HdE B oy JR a6 B v 3
B2 M I 8 ) B B8 ST A 2 TEE LA R 1), 75 20K L i rosbag A
ATDAE A o I BRI UL B 2 rosbag A& ros HIIELHE AL, W] LAEH rosbag play
AT RE, HHLE rviz FRIR bag FINZ . @0H H T E0E0E SLAM
0 F ko
ARICHT kitti2bag T H X BHEE AT H
FFH rosbag info iy 4 1] LA B FE 4 4T 1) bag 15 2.,

effun@leffun-63-3590: ~/KITTI_Dat ¢ 2011 69 3 27_sync$ rosbag info kitti 2011 09 _30_drive_0027_synced.bag

path: kitti_2011_09_30 drlve 0027 _synced.bag

version: 2.0

duration: 1:54s (114s)
Sep 30 2011 12:40:25.56 (1317357625.56)
Sep 30 2011 12:42:20.41 (1317357740.41)
5.7 GB
15484

: none [4426/4426 chunks]

geometry_msgs/TwistStamped [98d34b0043a2093cf9d9345ab6eefi2e]
sensor_msgs/CameraInfo [c9a58c1bOb154e0e6da7578ch991d214]
sensor_msgs/Image [060021388200T6T07447d0fcd9c64743]
sensor_msgs/Imu [6a62c6daae103f4ff57a132d6T95cec2]
sensor_msgs/NavSatFix [2d3a8cd499b9b4an249Th98Tdes5cfads]
sensor_msgs/PointCloud2 [1158d486dd51d683ce2f1be655¢3¢c181]
tf2_msgs/TFMessage [94810edd3583a504dfda3829e70d7eec]
/kitti/camera_color_left/camera_info 1106 msgs : sensor_msgs/CameraInfo
/kitti/camera_color_left/image_raw 1106 msgs : sensor_msgs/Image
/kitti/camera_color_right/camera_info 1106 msgs : sensor_msgs/CameraInfo
/kitti/camera _color right/image raw 1106 msgs : sensor_msgs/Image
/kitti/camera gray left/camera info msgs : sensor_msgs/CameraInfo
/kitti/camera_gray left/image raw msgs : sensor_msgs/Image
/kitti/camera_gray right/camera_info msgs : sensor_msgs/CameraInfo
/kitti/camera_gray_right/image_raw msgs ! sensor_msgs/Image
/kitti/oxts/gps/fix msgs : sensor_msgs/NavSatFix
/kitti/oxts/gps/vel msgs : geometry_msgs/TwistStamped
/kitti/oxts/imu msgs : sensor_msgs/Imu
/kitti/velo/pointcloud msgs : sensor_msgs/PointCloud2
/tf msgs : tf2 _msgs/TFMessage
/tf_static msgs : tf2 _msgs/TFMessage

Kl 4.7 07 245 Bt rosbag 15 5\

20



(HLEs Nzl B S ER) R IR 3L

H & 4.4 7TLA1S 2], 1% rosbag ] sz topic A/kitti/velo/pointcloud.
(2) KITTI od 4477 Fl ik
FIIFMA i, 78— AN B 4.8 H0dr 4 JH3) LeGO-LOAM 27

$ roslaunch lego_loam run.launch

logging to /home/effun/.ros/log/a416ff96-f6cd-11ed-a308-d812654h530d/roslau
h-effun-63-3590-7840.1og
hecking log directory for disk usage. This may take a while.
Press Ctrl-C to interrupt
Done checking log file disk usage. Usage is <1GB.

started roslaunch server http://172.17.08.1:45639/

PARAMETERS

* /rosdistro:
* /rosversion:
* /use_sim_time:

ODES
/

melod
1.14.13
True

base_link to_camera (tf/static_transform_publisher)
camera_init_to_map (tf/static_transform_publisher)
featureAssociation (lego_loam/featureAssociation)

imageProjection (lego_loam/imageProjection)

mapOptmization (lego_loam/mapOptmization)

rviz (rviz/rviz)

| 09_30_drive 0027 _synced.bag -

4.8 55 LeGO-LOAM F& ¥4
TN E 4.9 T e 2 RO E i I B £ rosbag

$ roshag play kitti 2e11

lock --topic /kitti/velo/pointcloud

[ INFO] [1684559957.512346524]: Opening kitti_2011_9_36_drive_6027_synced.bag

waiting ©.2 seconds after advertising topics...

Hit space to toggle paused, or 's' to step.

[DELAYED]
[RUNNING]
[RUNNING]
[RUNNING]
[RUNNING]
[RUNNING]
[RUNNING]
[RUNNING]
[RUNNING]
[RUNNING]
[RUNNING]
[RUNNING]
[RUNNING]
[RUNNING]
[RUNNING]
[RUNNING]
[RUNNING]
[RUNNING]

Bag
Bag
Bag
Bag
Bag
Bag
Bag
Bag
Bag
Bag
Bag
Bag
Bag
Bag
Bag
Bag
Bag
Bag

Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:

1317357625.557814
1317357625.557814
1317357625.557814
1317357625.655216
1317357625.756221
1317357625.763373
1317357625.858293
1317357625.868380
1317357625.969482
1317357625.970429
1317357626.070491
1317357626.075205
1317357626.171448
1317357626.178214
1317357626.273879
1317357626.284051
1317357626.385068
1317357626 .385884

Duration:
Duration:
Duration:
Duration:
Duration:
Duration:
Duration:
Duration:
Duration:
Duration:
Duration:
Duration:
Duration:
Duration:
Duration:
Duration:
Duration:
Duration:

done.

000000
000000
000000
097402
198407
205559
300479
310566
411669
412615
512677
517391
613634
620400
716065
726237
827254
828070

DOOOODODOOOODDOOODO D

4.9 FEIK rosbag Ay 4

NANN NN SN NSNS NSNNSNNNNSNSSNSNS

. 849475
. 849475
. 849475
. 849475
. 849475
.849475
. 849475
. 849475
. 849475
. 849475
. 849475
.849475
. 849475
. 849475
. 849475
. 849475
.849475
.849475

4.10 FrH PRAF AL

A CGER
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3. &R

(1) EALER

HF 07 FdE B Y groundtruth FAE SCAF, fH evo LEX L EAEMA L RS
WAL ZE, 15314 AR B E AT

25

z (m)

0

-25

-50

=75

—-200 -150 -100 -50 0

Kl 4.14 Bz L
Kl 4.14 1 07 AL, 07res JflitHEzk. o7 DUE H, AT B0
SLAM R4t HA RIFHIEMNICR, &RE S BE e eEm G, ERIRZERVN.
N evo THRXIAHMAZRZE (rpe) ATVl

RPE w.r.t. full transformation (unit-less)
for delta = 1 (frames) using consecutive pairs
(with SE(3) Umeyama alignment)

—— RPE (unit-less)
25 —— mean
— median
— rmse
2.0 B std
w
w
L 15
=
c
2
=
= 10
0.5

Kl 4.15 MXIALZIRZE pe 2R E
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leffun@effun-63-3590:~% evo_rpe kitti 07.txt @7res.txt -r full -va --plot --plot_mode xyz

Loaded 1101 poses from: 07.txt
Loaded 1101 poses Trom: @7res.txt

Aligning using Umeyama's method...

Rotation of alignment:

[[ ©.99996952 ©0.00425492 0.00654672]
[-0.00433062 0.99992342 0.01159337]
[-0.00649689 -0.01162137 ©.99991136]]

Translation of alignment:

[ ©.94748454 -0.95655086 -1.26693864]

Scale correction: 1.0

Found 1100 pairs with delta 1 (frames) among 1101 poses using consecutive pairs.
Compared 1100 relative pose pairs, delta = 1 (frames) with consecutive pairs.
Calculating RPE for full transformation pose relation...

RPE w.r.t. full transformation (unit-less)
for delta = 1 (frames) using consecutive pairs
(with SE(3) Umeyama alignment)

max 2.630885
mean 0.077506
median 0.054271
min 0.002721
rmse 0.121923
sse 16.351652

Plotting results...

Kl 4.16 MM ALZRZRI R YIME. TEUE TR ZER R

H 1 4.15 FIE] 4.16 L5 R0 51, £E 1101 Wik, A 1000 i 5 L
ML T AL R, HIEEAE 2.63m. (GTHA 2 AR ZHE A 0.0775m,
{9 0.00543m, ) /7R IRZE A 0.1219m. %5 [E 2] 07 H¥E B KA = 87 5
PR P BAACA AR SCRT BT (30 SLAM R GiAE Z AN AEE N HAT Bl 16 8 A B2

(2) LR

E 411 5 T 2R S s R ESR, B 4.2 MIE 413 558K T
AN, TLUEH, BTESLN 3 4k b B S e SR AR
AT LA S AN RO UL, BRSNS A XX TR
SNHLAN SRR EEE L.
A BE

ARHT ERH) LeGO-LOAM HEHE, 58/ /0t SLAM R4 1 it. AfEH]
KITTI Z AR 40T RGPEREHATIRAE, EEXRF X RIS TIE 0, 8 RGU N
T ORAF KITTL A AL ) ThRE . 5 5T KITTI-07 $E Boo B RGu 4T
TR, B0IE T ATRF O SLAM RAVISERAT, BEBIE RSN B TR
EBAT I AR —ERFEE .

ARIGEMMFEE TR (1D XA ERBOE SLAM kBT8R 747,
WiE AR T LeGO-LOAM HEZLBHAT R W IT 55850 (20 X SLAM [n] @l AT
TEARAIR, 25 T EET AR - S5 R RFJT A SLAM [ EUR i 72 (3) 1
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M5rHT T LeGO-LOAM LMl /I 5 K FHEFRIUSILER. WOt B
b AR 2 ) JEEE, HFE T LeGO-LOAM HEZL5E /L T 0t SLAM R4 %
it NHEBRMALRRAETIRE: (4) B RGN R BRI, A 2d
Ubuntul8.04 £%i. ROS-melodic £4t A fK % %é Gtsam. PCL. OpenCV # Python
SETE N I IRASIR M s (5) SR T KITTI $4E4E rosbag HIHIAE; (6D FIFHHI
TEUF 1) rosbag Xt AT THIIMOE SLAM REUHAT TR, 0UF T RAAAG KRN
A BEFIRRE 1

ARSC I 3 Bk A (1) BER KITTI Hiodfs S 3% il i 458 A Ao B IR A MG
BARREZ4, fH13 LeGO-LOAM HIEREWE MO Z A AR AT (2D FEIRA
AR IR LA 0N LeGO-LOAM IR E AR 17 IhRE, DME T AN B AH AT
S, IRIE RGERE .

AL — AN R 2 Ak (1) ZRTARSSEAME ], ASCHEOE SLAM
(s L 23 R BR T 307, WA RIS AT 2 AN EIAE 2T R o L. (2) 2
PR TR R, A N ECE 2 R BO RGeS TIN.
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