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Week 10: Setup for 3D Pointcloud Map Making with Ouster 0S2, KVH1750 IMU, and LIO-SAM. Making a
Test Map Indoors

We will now set up for making a 3D pointcloud map that we will run on Autoware for autonomous driving. The
easiest, most robust algorithm found for making maps has been LIO-SAM. Previously it was available only on
ROS1 but we are fortunate to have a ROS2 version as of November 2025. We will use the MKZ’s Ouster OS2
and Novatel KVH1750 IMU for making 3D pointcloud maps.

References:

LIO-SAM ROS2 Branch (Github)

Making Pointcloud Maps (Autoware)

LIO-SAM Reference (Autoware)

SWRI's Novatel GNSS/IMU Drivers for ROS2 (Github)
QOuster OS2 Official ROS2 Drivers (Github)

Downloads:
e Full Novatel, Ouster, and LIO-SAM ROS2 Package

LIO-SAM (Lidar Inertial Odometry via Smoothing and Mapping) is versatile and robust because it only requires
a LiDAR, 9-Axis IMU, and GNSS (optional). The program does not make the map real-time while driving
around with the LiDAR and IMU activated. LIO-SAM post processes the data and makes the map, so setting
up the Ouster OS2 and Novatel KVH1750 9-Axis IMU beforehand to work with LIO-SAM is crucial.

Install the SWRI Novatel Drivers, Ouster OS2 Drivers, and LIO-SAM ROS2 package given in the downloads
section above. There were many issues and debugging needed for smooth and resolute mapping, the drivers
in the provided package have been configured to work with LIO-SAM which will be elaborated below:

LIO-SAM ROS2 repository requires Ouster OS2 data collection with timestamp mode
“TIME_FROM_PTP_1588", however this does not align with the SWRI Novatel KVH IMU’s timestamp mode,
so it has been set to ROSTIME.

The SWRI Novatel KVH IMU driver has been modified to output the /imu topic to transfer data with
BEST_EFFORT QoS setting. With default settings it will record data with RELIABLE QoS.


https://github.com/TixiaoShan/LIO-SAM/tree/ros2
https://autowarefoundation.github.io/autoware-documentation/main/how-to-guides/integrating-autoware/creating-maps/
https://autowarefoundation.github.io/autoware-documentation/main/how-to-guides/integrating-autoware/creating-maps/open-source-slam/lio-sam/
https://github.com/swri-robotics/novatel_gps_driver
https://github.com/ouster-lidar/ouster-ros/tree/ros2
https://drive.google.com/file/d/1zGTgmDiB-2UCaGKtD9Com0BE0JcSXxGZ/view?usp=sharing
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novatel_gps_node.cpp
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" clocksteering pub_ = ::advertise<novatel gps_msgs::msg::ClockSteering>(*this,

"clocksteering”, 100);

if (publish_nmea_messages_)

gpgga_pub_ = swri::advertise<novatel_gps_msgs::msg::Gpgga>(*this,
gprmc_pub_ = swri::advertise<novatel gps_msgs::msg::Gprmc>(*this,

if (publish_gpgsa_)
{

gpgsa_pub_ = swri::advertise<novatel_gps_msgs::msg::Gpgsa>(*this, "gpgsa”, 160);

if (publish_imu_messages_)|

//imu_pub_ = swri::advertise<sensor_msgs::msg::Imu>(*this, "imu", 100); // commented out to

change to best_effort

rclepp::Qos imu_qos(rclcpp: :KeepLast(100));
imu_qos.best_effort().durability_volatile(); // typical sensor QoS

imu_pub_ = this->create_publisher<sensor_msgs::msg::Imu>("imu", imu_qos);

novatel_imu_pub_ = swri::advertise<novatel_gps_msgs::msg::NovatelCorrectedImuData>(*this,
corrimudata”, 160);

insstdev_pub_ = swri tdev", 100);

inspva_pub_ =
inspvax_pub_
inscov_pub_ =

}

, 100);
%", 160);
, 100);
if (publish_gpgsv_)

{

gpgsv_pub_ = swri::advertise<novatel_gps_msgs::msg::Gpgsv>(*this,

if (publish_gphdt_)

gphdt_pub_ = swri::advertise<novatel_gps_msgs::msg::Gphdt>(*this, "gphdt"”, 188);

if (publish_novatel_positions_)

novatel_position_pub_ = advertise<novatel_gps_msgs: :msg: :NovatelPosition>(*this,

"bestpos”, 100);
¥
if (publish_novatel_xyz_positions_)
novatel_xyz_position_pub_ = swri::advertise<novatel_gps_msgs::msg::NovatelXYZ>(*this,

bestxyz", 100);

if (publish_novatel_utm_positions_)

Bracket match found on line: 171 C++~  TabWidth:8 ~ Ln171,Col31  ~ INS

Figure 1: Novatel GPS Node modified to publish /imu topic with BEST_EFFORT QoS
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sensor.launch.xml

Open l ~fros2_ws/src/ouster-rosfousterrosf/launch Save = _ H x

1 <launch>

2

3 <arg name="ouster ns" default="ouster"

4 description="0Override the default namespace of all ouster nodes"/>

5 <arg name="sensor_hostname"

6 description="hostname or IP in dotted decimal form of the sensor"/s

7 <arg name="udp_dest" default=""

8 description="hostname or IP where the sensor will send data packets"/>

9  <arg name="lidar port" default="0"

10 description="port to which the sensor should send lidar data"/>

11 <arg name="imu_port" default="0"

12 description="port to which the sensor should send imu data"/-

13 <arg name="udp_profile_lidar" default=""

14 description="1lidar packet profile; possible values: {

15 LEGACY,

16 RNG19_RFL8_SIG16_NIR16,

17 RNG15_RFL8_NIRS,

18 RNG19 RFL8 SIG16 NIR16 DUAL,

19 FUSA_RNG15_RFL8_NIR8_DUAL

20 3}/

21 <arg name="lidar mode" default="512x10"

22 description="resolution and rate; possible values: {

23 512x10,

24 512x20,

25 1024x10,

26 1024x20,

27 2048x10,

28 4096X5

29 3/

30 <arg name="timestamp_mode" defau'l.t:""

31 description="method used to timestamp measurements; possible values: {

32 TIME_FROM_INTERNAL_OSC

33 TIME_FROM_SYNC_PULSE_IN,

34 TIME_FROM_PTP_1588,

35 TIME_FROM_ROS_TIME

36 e

37 <arg name="ptp_utc_tai_offset” default="-37.0"

38 description="UTC/TAI offset in seconds to apply when using TIME_FROM_PTP_1588"/>

39  <arg name="metadata” default=""

40 description="path to write metadata file when receiving sensor data"/>

41 <arg name="viz" default="true"

42 description="whether to run a rviz"/>

43 <arg name="rviz_config" default="S$(find-pkg-share ouster_ros)/config/viz.rviz"

44 description="optional rviz config file"[>

45

46 <arg name="sensor_frame" default="os_sensor”

47 description="sets name of choice for the sensor_frame tf frame, value can not be empty"/>

48 <arg name="lidar_frame" default="os_lidar"

49 description="sets name of choice for the os_lidar tf frame, value can not be empty" />

50 <arg name="imu_frame" default="os_imu"

51 description="sets name of choice for the os_imu tf frame, value can not be empty"/>

52 <arg name="point_cloud_frame" default=""

53 description="which frame to be used when publishing PointCloud2 or LaserScan messages.

54 Choose between the value of sensor_frame or lidar_frame, leaving this value empty
XML ~ Tabwidth: 8 ~ Ln 30, Col 57 V INS

Figure 2: Ouster OS2 launch file “sensor.launch.xml” set up for timestamping using ROSTIME
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ouster: 16, 32, 64, 128, Livox Horizon: &)

Ouster:512,1024, 2648, Livox Horizon: 4008)

params.yaml
~fliosam_ws/src/LIO-SAM/config

v E Save
# Sensor Settings

sensor: ouster # lidar sensor type, either 'velodyne’, 'ouster’
Tivox'

N_SCAN: 128 # number of lidar channels (i.e., Velodyne/

Horizon_SCAN: 1024 # lidar horizontal resolution (Velodyne:1808,

downsampleRate: 1 # default: 1. Downsample your data if too many

# points. i.e., 16 = 64 / 4, 16 = 16 / 1

lidarMinRange: 1.0 # default: 1.0, minimum lidar range to be used
lidarMaxRange: 500.0 # default: 1000.8, maximum lidar range to be used

# IMU Settings

imuAccNoise: 3.9939570888238808e-03|
imuGyrNoise: 1.5636343949698187e-03
imuAccBiasN: 6.4356659353532566e-05
imuGyrBiasN: 3.5640318696367613e-05

imuGravity: 0.00 #was 9.80511
imuRPYWeight: 0.01

extrinsicTrans: [ 0.0, 0.0, 0.0 ]
extrinsicRot: [1.0, ©.0
0.0, 1.0,
@.0, 0.0,
extrinsicrRPY: [ 1.0, 6.0, 0.0,

# LOAM feature threshold
edgeThreshold: 1.0
surfThreshold: 6.1
edgeFeatureMinvalidNum: 10
surfFeatureMinvalidNum: 100

# voxel filter paprams

odometrySurfLeafSize: 0.4 # default: 8.4 - outdoor, 0.2 - indoor
mappingCornerLeafSize: 0.2 # default: 0.2 - outdoor, 0.1 - indoor
mappingSurfLeafSize: 0.4 # default: @.4 - outdoor, 0.2 - indoor

# robot motion constraint (in case you are using a 2D robot)
z_tollerance: 1000.0 # meters
rotation_tollerance: 1000.8 # radians

# CPU Params
numberofCores: 4
mappingProcessInterval: 0.15

number of cores for mapping optimization
seconds, regulate mapping frequency

O

# Surrounding map

surroundingkeyframeAddingDistThreshold: 1.8 # meters, regulate keyframe adding threshold
surroundingkeyframeAddingAngleThreshold: 0.2 # radians, regulate keyframe adding threshold
surroundingKeyframeDensity: 2.0 # meters, downsample surrounding keyframe poses
surroundingKeyframeSearchRadius: 50.0 # meters, within n meters scan-to-map

mization

YAML ~ Tab width: 8 ~ Ln 36, Col 40 R INS

Figure 3: LIO-SAM params.yaml configuration file set up for the UNLV MKZ
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57
Creating a Test Map Inside Work Area

Before taking the car out, we will create a map at the workstation where the car is parked. The procedure,
which will be further detailed below, is a follows: launch Ouster OS2, launch Novatel KVH1750 IMU, record
ROS bag file with topics /imu and /ouster/points, and finally run LIO-SAM using the recorded bag file to create
the map.

1. Prepare workspaces for Ouster OS2, Novatel, and LIO-SAM
a. Ensure that the OS2 drivers from a different workspace is not being used. It is recommended to
have three workspaces for this, one for the Ouster, one for the Novatel and one for LIO-SAM.
Source the workspaces automatically by adding source lines in bashrc (refer to previous
exercises)

2. Launch the Ouster OS2, IMU, and record a ROSBAG file with the LiDAR and IMU data.
a. The Novatel should be connected to the computer via USB and the Ouster via Ethernet. Launch
the two drivers using the following commands:

# In Terminal 1 Launch Ouster (note we disable RVIZ launch, this is optional but will help reduce packet drops)
ros2 launch ouster_ros sensor.launch.xml viz:=false sensor_hostname:=0s-992315000023.local

# In Terminal 2 Launch the Novatel GPS and IMU Unit
ros2 launch novatel_gps_driver tester_for_usb.launch.py

# In Terminal 3 record a ROS Bag that captures the topics /imu and /ouster/points. The bag file can get quite
# large (a few gigabytes so it is recommended to store in a drive where there is ample space
ros2 bag record -o bagName /ouster/points /imu # the highlighted bagName can be changed

The terminal/workflow should look like the following figure


http://.launch.py/

jeffoh@trc /media/jeffoh/trc-1tb/bagsJeff - o x
R jeffoh@trc: ~ 97%20

H jeffoh@tre: ~97x17

jeffoh@tre: /media/jeffoh/tre-1tb/bagsJeff 97x14
$ ros2 bag record -o bagName jouster/points /imul]

Figure 3: Three terminals with commands loaded up for LIiDAR and IMU data ROSBAG recording

We are just testing that we have our workflow set up correctly and that LIO-SAM will work, so record this
stationary vehicle ROSBAG file for a minute or so.

3. After a minute or so, terminate the bag file recording by pressing CTRL+C in the respective terminal.
Make sure it is saved in a known location.

4. Run LIO-SAM and create the pointcloud map.
Now that we have a bag file containing the LiDAR and IMU data, we can run LIO-SAM to create a pointcloud
map.

Run the following commands to launch LIO-SAM and create a pointcloud map. Launching LIO-SAM will open
up an RVIZ window where you can visualize the process. The map making will begin when you play the bag
file:
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# Terminal 1 - Run LIO-SAM
ros2 launch lio_sam run.launch.py

# Terminal 2 - After RVIZ has launched and LIO-SAM is waiting on a ROSBAG file, play the ROSBAG file
ros2 bag play bagName

Once the above two commands are ran, it should look like the following:

_ws/install/lio_s h lio_s iz2.rviz* - RViz - g x
Eile Ppanels Help
fintersct | GmoveCamers [Tselect ) focsCamera  ==Messwre 7 2DPosefstimate < 2DGoalpose  § publishromt =

2 pisplays. [o]
i Global Options =
Background Color B 48; 48; 48
Frame Rate 0
+ Global Status: Ok
v Fixed Frame oK
v

»e views o
Type: Orbit (rviz_defay - || Zero

orbit (rviz)
0.01

€2 PointCloud2 v
v v status: Ok

Yaw 1.0254

Pitch 0.460398
» Focal Point  -13.444;7.0258;

+ Topic lio_sam/mapping/cloud_registered
Selectable v

style Points

size (m) 001

Size (Pixels) 1

Alpha 1

Decay Time 1000

Position Transfor... XYZ

Color Transformer  AxisColor

Use rainbow v
Invert Rainbow
Min Color mo o0
Max C: [ 255;255; 255
uteint... ¥

553025
92.9575
L 255;255; 255
z

ity
ity

»
» v Status: Ok
Show Names
Show fixes v
show Arrows. v
Marker Scale 1
Updateinterval 0
Frame Timeout 15
» Frames
» Tree
~ path v
Fixed Frame
Frame into which all data is transformed before being displayed

Add

save Remove  Rename

Reset | Left-Click: Rotate. Middle-Click: Move X/¥. Right-Click/Mouse Wheel: Zoom. Shift: More options. 31fps

Figure 4: LIO-SAM creating a pointcloud map from a ROSBAG file

If there are issues with significant drifting, consult the LIO-SAM documentation on Github and diagnose the
issue. It will likely be a small error with the transformation matrix, gravity setting etc. LIO-SAM has been proven
to work well with the KVH and Ouster OS2 combination. The map file should be clean and there should not be
pointclouds drifting away. If this occurs, diagnose the issue prior to making a map outdoors as it would be
futile.

LIO-SAM will run as long as the ROSBAG file is running. Once a sufficient map has been created, run the
following ROS service call in a new terminal to save the map to your desired destination:

ros2 service call /lio_sam/save_map lio_sam/srv/SaveMap "{resolution: 0.2, destination:
/Downloads/service LOAM}" # change directory and downsampling resolution as needed

Downsampling is required as Autoware’s upper limit of map size is 300 MB. LIO-SAM has a convenient
downsampling feature built in which can be declared when using the service call. See the highlighted
parameters above. There should be a few .PCD files in the saved directory. The file with the biggest size will
be the main map that we will use later to vectorize lanes.



