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pcread
Read PCD and PLY files

pcwrite
Write PCD and PLY files

rosbag

ROS bag files
velodyneFileReader ‘

Velodyne PCAP files

ibeoFileReader velodynelidar
Ibeo data container (IDC) file reader Live stream from Velodyne

lasReader LiDAR®
LAS or LAZ reader
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Unorganized to Organized Conversion of Point Clouds Using Spherical Projection
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https://www.mathworks.com/help/releases/R2021a/lidar/ug/unorgaized-to-organized-pointcloud-conversion.html
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https://www.mathworks.com/help/releases/R2021a/vision/ref/pcfitplane.html
https://www.mathworks.com/help/releases/R2021a/lidar/ref/segmentgroundsmrf.html
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https://jp.mathworks.com/help/vision/ref/pcdenoise.html
https://jp.mathworks.com/help/vision/ref/pcalign.html
https://jp.mathworks.com/help/vision/ref/pccat.html
https://jp.mathworks.com/help/vision/ref/pcnormals.html
https://jp.mathworks.com/help/vision/ref/pctransform.html
https://jp.mathworks.com/help/lidar/ref/extracteigenfeatures.html
https://jp.mathworks.com/help/lidar/ref/extractfpfhfeatures.html
https://jp.mathworks.com/help/lidar/ref/detectrectangularplanepoints.html
https://jp.mathworks.com/help/lidar/pointcloudprocessing.html
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pcsegdist segmentLidarData

a—7 Yy FEBREN—XI(C = FPRECAENR—X

YA &7 = 2RTTE L7 r—~ v FH. SRFTE
distThreshold = 0.5; distThreshold = 0.5;
[labels, numClusters] = [labels, numClusters] =
pcsegdist (ptCloud,distThreshold) ; segmentlLidarData (ptCloud,distThreshold) ;

Point Cloud Clusters

Point Cloud Clusters



https://www.mathworks.com/help/releases/R2021a/vision/ref/segmentlidardata.html
https://www.mathworks.com/help/releases/R2021a/vision/ref/pcsegdist.html

MATI

IV TAY TR TA VT3

Lidar Toolbox
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Computer Vision Toolbox
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https://jp.mathworks.com/help/releases/R2021a/lidar/deeplearning.html
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[&] c¥Users¥skusano¥OneDrive - MathWorks¥Documents¥MATLAB¥Examples¥R2021a¥deeplearning_shared¥LidarSemanticSegmentationUsingSqueezeSegV2Example¥LidarSemanticSegmentationUsingSqueezeSeg... = X
I 717 I7159- BwA 3 e kg
ch . i k& M Qs - = g;sv' = . @u@ma— [E) E &7v3vE8Y b & @
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uglozn’—h > = = v > [ & &= =7 & BegeET v =
271l FET-b T¥Ab B o 2737 =17 a
23 #ERTa v IA T —23 VOET =
24 predictedResult = semanticseg(I, net); =
25 figure; =
26 helperDisplaylLidarOverlaidImage(I, predictedResult, classNames);
27 title( 'Semantic Segmentation Result');

Semantic Segmentation Result

B7R— hEIER

28 function helperDisplayImage(I)

29 figure;

30 tiledlayout(5,1, 'Padding’, "compact”,"TileSpacing"”,"compact™);

31 nexttile; 5
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https://www.mathworks.com/help/releases/R2021a/lidar/ug/object-detection-using-pointpillars-network.html
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[&] C¥Users¥skusano¥OneDrive - MathWorks¥Documents¥MATLAB¥Examples¥R2021a¥shared_driving_fusion_lidar¥DetectClassifyAndTrackOrientedBoundingBox InLidarExample¥DetectClassifyAnd TrackOrientedBou..  —
| 547 17405~ A Fa- EEEEEET TR

Sensor Fusion and Tracking Toolbox
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145 assignmentGate = [1@ 1@@]; % Assignment threshold;

146 confThreshold = [7 10]; % Confirmation threshold for history logic

147 delThreshold = [2 3]; % Deletion threshold for history logic

148 Kc = 1le-5; % False-alarm rate per unit volume

% IMM filterD#)HAL |
151 filterInitFcn = @helperMultiClassInitIMMFilter; |

% A joint probabilistic data association 3 » 7 — ZIMM filterTHEZE
154 tracker = trackerJPDA('FilterInitializationFcn',filterInitFcn,..
'TrackLogic', 'History',...
'AssignmentThreshold',assignmentGate,.

T=DIMM7 4 L X

> JPDA L 7 v H—D{EAML

'ClutterDensity’,Kc, ...
'ConfirmationThreshold',confThreshold,
'DeletionThreshold’,delThreshold, 'InitializationThreshold',0);

lel
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|=| C¥Users¥skusano¥OneDrive - MathWorks¥Documents¥MATLAB¥Examples¥R2021a¥shared_driving_fusion_lidar¥DetectClassifyAndTrackOrientedBoundingBoxInLidarExample¥DetectClassifyAndTrackOrientedBou.. —
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177 rangeImage = input(:,:,5);
% Lidar> — 2D D ERT v 2 2% &H |
180 [boundingBox,coloredPtCloud,pointLabels] = detectBbox(lidarDetector,input); I
% EF T w7 2% objectDetections? 7 = 7 FIC |
183 detections = helperAssembleDetections(boundingBox,measNoise,time); I
% A 700 FEFSoD—ICELTFSI v F T
186 if ~isemptv(detections)
% b5 h—BH |
188 [confirmedTracks,tentativeTracks,allTracks,info] = tracker(detections,time);
189 numTracks(count,1) = numel(confirmedTracks); I
190 end
% Bt D E
193 updatePointCloud(display,coloredPtCloud);

UTF-8 LF AUTH iT 192

> IPDA LS5 v HA—DEH

21




- MA
FT s MRIE L5y * S ORI EP

Y=JUT)  FAIbYTD)  D4VFEIW)  ANLT(H)

-Oriented Bounding Box Detection Top View




7—7 7 H—

BENEEICAIT 77z bR E T v x>V T

Lidar 7—4 ® F7Yz7 b
AUSLE R

ented Ground Plane of Lidar Point Cloud

MATLA

23



MATLAB EXP

Je

L ‘*ﬁ SIMULINK ‘ MATLAB

)

7O KA YT b

~

v, o

Embedded Toolbox
Coder
<
“. . d .
P = ROS/ — K
) 4 V ROS2/ — F
~C, C++ VHDL, Verilog -
' Programmable '
L j SoC s FPGA ASIC ;

24



MATLAB Coderic &£ 5Ca— £

4.
L “awt =l T rs— 1= s % & 2@ @]t ors
E FEREE = o O —FOAHT - Q) @2 2. { § 33-=F
(=] L) ETR i [ P Uls L"‘ = \f' i,, M— i 1 a p——— L W Lj:):l gﬂl
#18 %18 mrE MO Pomn Dommna L RS pamicay OF FTBLUEMOHA | ok Lapmr SOROER gy o TRTROUITA
RO ST 2T = - (o=t 1RIF (i iy S Ny 4 - [ I=lea¥ ol i 4 - iz - v L] MATLAB (hEE
it Ei S SIMULINK ] =
~ 3l » C » Users » minoue *» codeGen_PdM P»
WRIED I )5 — @ g IF 45— - C\Users\minoue\codeGen_PdM\featureExtractionBuffer.m Bt LT =t T
E=eT] e featureExtractionBuffer.m + S8
& B codegen 1 function [feature_list] = featureExtractionBuffer (data, timestamp)
* | featureExtractio... 2 KB
2
Bl= persistent flow_array
4 — persistent time_array
mi= Np = 1000;
6
FisT if isempty(flow_array)
8— flow array = nan(Np, 1) ;
9— end
10
ol = if isempty(time_array)
featureExtractionBuffer.m (R#7) v 12 t . _ (N 1 ) A
L7 ] featurebExtractionBuffer{data, time... Ime_ay ray = han p' £
13— end
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SqueezeSegV2 PointPillars

Predicted bounding boxes

Code Generation for Lidar Point Cloud Generation For Lidar Object
Segmentation Network Detection Using PointPillars Deep
GPU Coder Learning
Deep Learning Toolbox GPU Coder

Lidar Toolbox Lidar Toolbox
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https://jp.mathworks.com/help/lidar/ug/code-generation-lidar-object-detection-using-pointpillars.html
https://jp.mathworks.com/help/lidar/ug/code-generation-for-lidar-point-cloud-segmentation-network.html
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SimulinkVehicle1 and sensors

Simulation 3D Scene Configuration2

14\
\J A
| |
¢ )) | Point cloud [
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| xTrayect }

MATLAB BEXIPPO

FO94 {5 4-5— Simulation 30 Lidar
Simulation 3D Lidar (mask) (link)

Provides an interface to the lidar sensor in the 3D visualization environment.
Returns a point cloud with the specified field of view and angular resclution.
If you set the sample time to -1, the block uses the sample time specified in
the Simulation 3D Scene Configuration block. To use this sensor, ensure that
the Simulation 3D Scene Configuration block is in your model.

[o00]

Translation l l '

. B0

| yTrayect }

Copyright 2019 The MathWorks, Inc.

Mounting  Parameters =~ Ground Truth

Detection range (m): ‘9[}

Range resolution (m): |{}.{][]2

Vertical field of view (deg): ‘40

Vertical resolution (deg): ‘ 1.25

Horizontal field of view (deg): |35rD

Horizontal resolution (deg): |{}.3324099T2299169

[] Distance outport

Sample time: ‘—I

¢

Q [ ok | #vveno|| avaw || 2@
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Point Cloud Segments

Landmark SLAM Using | Develop Visual SLAM | Build Map and Localize Using

AprilTag Markers Algorithm Using Unreal Segment Matching
Navigation Toolbox Engine Simulation Lidar Toolbox
Computer Vision Toolbox Automated Driving Toolbox Navigation Toolbox
R2021a Navigation Toolbox R2021a

Computer Vision Toolbox
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https://www.mathworks.com/help/driving/ug/develop-visual-slam-algorithm-using-unreal-engine-simulation.html
https://www.mathworks.com/help/nav/ug/landmark-slam-using-apriltag-markers.html
https://www.mathworks.com/help/vision/examples/monocular-visual-simultaneous-localization-and-mapping.html
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Lidar Toolbox
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Design, analyze, and test lidar processing systems

§ Download a free trial ‘ ® Watch video

Lidar Toolbox™ provides algorithms, functions, and apps for designing, analyzing,
and testing lidar processing systems. You can perform object detection and tracking,
semantic segmentation, shape fitting, lidar registration, and obstacle detection. Lidar

vision and lidar processing

Lidar Toolbox - MATLAB

Toolbox supports lidar-camera cross calibration for workflows that combine computer

MATLAE

Other Toolboxes

Computer Vision Toolbox - MATLAB & Simulink
Deep Learning Toolbox - MATLAB

Automated Driving Toolbox - MATLAB

UAV Toolbox - MATLAB

Navigation Toolbox - MATLAB

D7 7L v XPIRE

Detect, Classify, and Track Vehicles Using Lidar

Code Generation for Lidar Point Cloud Segmentation Network

Lidar and Camera Calibration

Aerial Lidar SLAM Using FPFH Descriptors
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https://www.mathworks.com/products/lidar.html
https://www.mathworks.com/products/computer-vision.html
https://www.mathworks.com/products/deep-learning.html
https://www.mathworks.com/products/automated-driving.html
https://www.mathworks.com/products/uav.html
https://www.mathworks.com/products/navigation.html
https://www.mathworks.com/help/lidar/ug/detection_tracking.html
https://www.mathworks.com/help/lidar/ug/SqueezeSegV2Codegen.html
https://www.mathworks.com/help/lidar/ug/lidarcameracalibrationexample.html
https://www.mathworks.com/help/lidar/ug/FPFHSLAM.html
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