User documentation for the VeloView application and libraries

Download: https://www.paraview.org/VeloView
Copyright: Copyright © 2021, Velodyne Lidar. All rights reserved
Version: 5.0.1

Velodyne Lidar


https://www.paraview.org/VeloView

Contents

|- Introduction

Definitions

Il- Visualize and analyze data

A- Global presentation of user interface
A-1 Main 3D view
A-2 Spreadsheet view

B- Live Stream Mode
B-1- Open sensor stream and sensor configuration dialog
B-2- Visualization & Interaction
B-3- Packet loss

C- Playback mode (reading .pcap files)

D- VeloView toolbars
D-1 Basic controls toolbar
D-2 Playback controls toolbar
D-3 Color controls toolbar
D-4 View and camera controls toolbar
D-5 Geolocation controls toolbar
D-6 Tools Menu

E- Multi Sensors Support

lll- Python Console

A- Introduction

B- Presentation of the Python Shell
B-1 Introduction to python-VeloView functionalities
B-2 Opening the python console
B-3 Presentation of the python shell

D- VeloView and VTK glossary and data model

E- Examples

E-1- Get data information

Velodyne Lidar

w

>~ B~ b

10
10
11
12
12
13
14
15
16
17
19

20
20
20
20
20
21
21
22
22



E-2- Select points using data 24

E-3- Display a 3D model in the mainview 25
E-4- Start VeloView with a 3D model loaded in the mainview with “- -script” 26
E-5- Handling multiple lidar sensor using python shell 26
F- List of functionalities 28
F-1- Simple Paraview : “lv.smp.” 28
F-2- Qt “Iv.QtGui” 28
F-3- Vtk Python 28
F-4- VeloView functions “Iv.” 28
IV- Troubleshooting 29
A- Windows-Only: Getting Past the Firewall to Visualize streaming Sensor Data 29
I- Introduction

VeloView is the software provided by Velodyne to visualize, analyze and record data from Velodyne-HDL
sensors (and newer devices). The software performs real-time visualization and processing of live
captured 3D LiDAR data from Velodyne's sensors (HDL-64E, HDL-32E, VLP-32, VLP-16 (Puck), Puck Lite,
Puck HiRes, Alpha Prime). VeloView is able to playback pre-recorded data stored in .pcap files, and can
record live streams as .pcap files. In the next sections of the manual it will be assumed that the reader is
familiar with the Velodyne’s sensors.

In the first part of the manual, we will focus on how to get, visualize and analyze Velodyne sensor data
using the graphical interface of VeloView. In the second part, we will show how it is possible to process
the data using python scripting with the Python shell/console.

If you don’t have VeloView installed on your computer yet, you can get the installer corresponding with
your operative system or the source code here : https://www.paraview.org/Wiki/VeloView.

Definitions

Frame : For rotational sensors, the aggregate of all data points acquired during an entire scan (e.g. full
360° sweep). For directional sensors, the aggregate of all data points acquired during a full scan across
the field of view, and back.

GUI : Graphical User Interface, the software windows and buttons with which the user can interact with
mouse and keyboard.

Pcap : .pcap files are data files containing raw network packets received on some port.
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Python shell : Python is an interpreter programming language, meaning that it executes the code line by
line. The Python shell is the interactive console which is used to execute Python commands provided by
the user.

RPM : Rotations Per Minute, the current spinning speed of a rotational sensor.

ll- Visualize and analyze data

There are two ways to visualize data in VeloView: live stream mode and playback mode. The live stream
mode corresponds to the situation where a Velodyne sensor is directly connected to the computer
running VeloView. In this case, the live stream mode permits to visualize the current output of the sensor
(just like a webcam). The playback mode corresponds to the situation where you had recorded a live
stream in .pcap format and you want to replay it.

A- Global presentation of user interface

First, we will introduce the VeloView graphical user interface (GUI). The VeloView GUI is composed of
four toolbars (introduced in section D- VeloView toolbars) and two different views : the main 3D view,
and the spreadsheet view.

A-1 Main 3D view

The main view displays the 3D point-cloud in an interactive viewer (see figure 1).

VeloView 5.0.4-6-gb330ca95 64-bit

File Tools Views Help

HEEETE 3 . <]

6 = ame. B> B 55 Speed:| All frames - Time| 1375400631.61 |+|Frame0 % |of

Velodyne Lidar

File: HDL-64_Single-autocalib.pcap ~ STRONGEST RETURN | Unknown

Figure 1 : Main view of VeloView and its toolbars. green: Basic controls; blue: Color controls; red: Custom
viewpoints; yellow: Settings view controls; orange: Geolocation controls; brown: Playback controls;
purple: View and camera controls.
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You can use the mouse/trackpad to move, zoom or rotate the 3D view. Additional keys can be combined
with clicks to provide more options, or to replace some if controls are unavailable with your hardware.
The following tab sums up the different controls :

Wheel (mouse) or
Left click Middle click Right click two fingers
(trackpad)

Move the focus
point on Zoom in/out Zoom in/out
orthogonal plane

Rotate around

(no additional key) center

Zoom in/out,
. Rotate around . .
Ctrl + Zoom in/out Great zoom infout focusing on

center , .
cursor’s position
Rotate around Rotate around Move the focus
Shift + orthogonal center point on Zoom in/out
plane’s normal orthogonal plane

A-2 Spreadsheet view

The spreadsheet view displays the point-cloud sensor data, but as a spreadsheet (see figure 2). It is
hidden by default, but can be activated by clicking the Spreadsheet button in the Basic controls toolbar.

Showing | Data (Frame) ~ |Attribute:| Point Data ~ |Precision: 3 ()28 {3 &
Point ID Points_m_XYZ adjustedtime  azimuth distance_m intensity laser_id timestamp vertical angle =

0 0 1.526 15.446 -1.746 1123955004.000 18 15.618 47 0 1123955004 -7.150
1 1 1.127 17.122 -1.848 1123955005.000 19 17.257 91 1 1123955005 -6.810
2 2 0.438 17.845 -1.836 1123955010.000 21 17.944 52 4 1123955010 -6.510
3 3 -0.228 18.923 -1.834 1123955011.000 22 19.012 46 5 1123955011 -6.140
4 4 0.524 13.876 -1.872 1123955012.000 23 14.010 63 6 1123955012 -8.490
5 5 0.029 14.540 -1.882 1123955014.000 23 14.660 58 7 1123955014 -8.150
6 6 -1.002 19.963 -1.833 1123955016.000 25 20.071 63 8 1123955016 -5.810
7 7 -1.838 21.183 -1.838 1123955017.000 25 21.341 1 9 1123955017 -5.480
8 8 -0.561 15.085 -1.881 1123955018.000 26 15.211 23 10 1123955018 -7.850
9 9 -1.155 15.815 -1.882 1123955020.000 27 15.967 22 11 1123955020 -7.480
10 10 3.235 31.771 -1.492 1123955022.000 28 31.969 21 12 1123955022 -3.040
11 11 2.251 35.467 -1.479 1123955023.000 29 35.569 79 13 1123955023 -2.710

Figure 2 : Spreadsheet view. Options from left to right : Data to display, Attribute to display, Precision,
Toggle scientific representation, Show only selected points, Toggle column visibility, Toggle cell
connectivity visibility, Export spreadsheet.
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This is useful to check the raw numeric data, to select points on some numeric fields conditions, export

this data to a CSV file etc.

Notice that the rows are sortable if you click on the column header.

Here is a brief description of the spreadsheet toolbar controls :

. Showing | Data (Frame) =

Data to display :
This dropdown list lets you choose the data

you want to display in the spreadsheet. It can
be the LiDAR point cloud, but also the GPS
track, the LiDAR calibration file, etc.

« Attribute:| Point Data ~

Attribute to display :
Data can be associated to points (e.g. 3D

coordinates, intensity or timestamp), or to the
entire frame (RPM). This list lets you choose
which attribute you want to display.

mmn—.‘l’recision: 312
Set the number of decimals to use when
displaying non-integer values.

Toggle scientific representation : =
Switch between scientific or fixed-point

representation for non integer values.

Show only selected points :
If enabled, the spreadsheet displays only the

points that are selected in the main 3D view.

About LiDAR data columns :

Toggle column visibility :

Choose which columns you want to display in
the spreadsheet. For example, you may want
to hide the adjustedtime field because you
don’t need it.

Toggle cell connectivity visibility ;"

Choose if the Cell data attribute should display
the point ID. You can probably ignore this
setting.

Export spreadsheet ;| ™
Export spreadsheet to a CSV file. This can be

useful to save selected data points to disk for
analysis, post-processing, plotting graphs,
running statistical checks, etc.

If you are displaying the LiDAR data in the spreadsheet, here is a brief description about what each

columns represents for each point :

- Point ID : the ID number within the frame.

- Points_m_XYZ : the 3D coordinates.

- adjustedtime : same as timestamp, except that it will not roll over each hour. Because it’s a 64
bits integer, It will roll over to 0 after reaching (2264) -1 (which represents about 500 000 years).
- azimuth : the clockwise azimuth angle of the sensor head, in degrees. All points acquired at a
particular Sensor-head azimuth (and timestamp) do NOT HAVE the same azimuth (because
each channel has a rotational correction up to +6 degrees). Hence around the 0 azimuth,
there may be an overlay of points from the beginning (=0 azimuth) and the end (=359

azimuth), on BOTH sides of 0 (see Figure 4)

- distance_m : range measurement (distance of point to sensor), in meters.
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intensity : the reflectivity of the target object, in range [0; 255]. This measurement is calibrated
to be independent of laser power and distance. Some LiDAR devices use different mapping for
sub-ranges depending on the object reflectivity (e.g. sub-range [0; 100] encodes reflectivity from
0% to 100% for diffuse reflectors, and sub-range [101; 255] reports reflection of retro-reflectors).
See the sensor’s user manual (section 6.1) for details.

laser_id : the ID of the laser that acquired this point.

timestamp : the Top of Hour timestamp in microseconds at which the laser pulse was fired. This
timestamp will roll over each full hour (it will return back to 0 each hour). If GPS time sync with
pps is set up, the top hour will be the last full UTC hour. Otherwise, it begins at LiDAR device’s
startup.

vertical_angle : the elevation angle of the laser acquired this point, in degrees.

Advanced format specific arrays (some arrays may be appear only for some sensors):

LCN (Logical channel number) : same as laser_ID, the ID of the laser that acquired this point.
PSEQ (Packet sequence number) : monotonically Increasing sequence number starting at zero
when the sensor is started or reset and incrementing with each payload in the flow.
Confidence flags:
- DROP (Drop Flag) : 1 if the return is recommended to be dropped
- INTF (Interference confidence indicator) : 3 = No interference suspected; 0-2 = levels of
suspected interference with 0 being most likely to be interference => Any of these values
will recommend to Drop
- REHI : 1 = indicates return is suspected to be an artifact on trailing edge of retro =>
Recommend to Drop
- RESH (Retro Shadow Flag) : 1= indicates return is suspected to be an artifact on trailing
edge of retro => Recommend to Drop
- SNR (Accuracy Indicator) : 7 = Highest SNR ; ... ; 4 = Degraded SNR: Distance and
Reflectivity Accuracy may be impacted ; ... ; 0 = Lowest SNR
distance_raw : Distance return
distance_type : Determines the number and type of distance values in Return
noise : noise factor
power : power level
reflectivity : Reflectivity of the return
time_offset : Actual time of a return (time of the firing group + time to get this particular return)
HDir (Horizontal direction): 0 = Clockwise; 1 = Counter-clockwise
VDir (Vertical direction): 0 = Upward; 1 = Downward
PSEQF : Payload sequence number within a Frame. When a new frame starts, this value will reset
to zero.

To see more details on the sensors you use and the arrays displayed you can refer to the Velodyne Sensor
documentation.
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Figure 4 : HDL-64 Sensor colored by timestamp
B- Live Stream Mode

B-1- Open sensor stream and sensor configuration dialog

Once a compatible (HDL-64E, HDL-32E, VLP-32, VLP-16, Puck, Puck Lite, Puck HiRes, Alpha Prime)
Velodyne sensor is connected to your computer and VeloView is running, you can display the output of
the sensor using the sensor stream action (see figure 5).

Meavurwoeans

7 EISEnsorStream| <1 > B> D = Speed:|x1 -

Figure 5 : Sensor stream action

Once the Sensor Stream button has been clicked, a configuration dialog named Sensor Configuration will
pop (see Figure 6). You will be able to choose the sensor calibration file corresponding to your sensor. If
you click on the advanced configuration checkbox, you will be able to configure the GPS parameters and
the network configuration.
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B Sensor Configuration ? X ‘ Sensor Configuration ? X

Sensor Calibration Sensor Calibration

HDL64 Live Corrections HDL64 Live Corrections A

HDL-32 HDL-32

VLP-16 VLP-16

VLP-32c VLP-32c

Puck Hi-Res Puck Hi-Res v

Puck LITE

Alpha Prime L REIVE
Advanced configuration Reset advanced configuration
Sensor Position GPS Orientation

x[ o.00[2] ritch [ 0.002] Pitch
Y[ 000f2] Rl [ 0.00ff] Roll
z[ 000[z] vaw [ 0.00f%] Heading

Network Configuration Network Forwarding
LIDAR Port _ [] Enable Forwarding
GPSPort 8308 = LIDAR forward Port 2368 $
Add Remove GPS forward Port 8308 =
[] Advanced configuration Reset advanced configuration

Forward ip address

Cancel Cancel
Figure 6 : Sensor configuration. Left : default option; Right : with advanced options.
nsor Calibration file:
The sensor configuration file depends on the type of sensor you have connected to the computer. The

configuration file contains information about the number of lasers, the vertical angle corrections, the

intensity correction, distance calibration, etc. If you want to add a specific sensor calibration file you can
click on the Add button and select your calibration file.

Remark: In case you chose a wrong calibration file, here are some hints that indicate that you may have
chosen the wrong one:

- If the number of lasers does not match between your sensor and the calibration file you may
obtain an error like in figure 7.

> i“. The data-packet from the sensor has a factory byte ((xal) recognized as having 84 lasers, Veloview will
. interpret data-packets and show points based on the XML calibration file only (currently: 16 lasers).

> L\, 1 Error: Received a HDL-64 UPPERBLOCK firing packet with a VLP-16 calibration file. Ignoring the firing.

Figure 7 : Error message when number of lasers does not match (VLP-16 instead of HDL-64)

- The output point cloud is distorted because of the wrong angle corrections, like in figure 8.
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Figure 8 : Distorted point cloud due to wrong configuration file (HDL-32 calibration chosen instead of
Alpha Prime)

GPS parameters (position and orientation):

In case you are using a GPS associated with the Velodyne sensor you should be careful about the sensor
position and the GPS orientation. Since the GPS and the Velodyne sensors may not be located at the
same physical point and exactly alighed you must indicate to VeloView the position and orientation of
the Velodyne sensor according to the GPS referential. If the orientation is not indicated, the point cloud
will not be georeferenced due to a rotation shift. If the position is not indicated, the result may have
some lever arm issues and result in a blurred stabilization of the points clouds. The position is in meters
and the orientation in degrees.

Network configuration:

You have the possibility to forward the lidar data to another computer station. For example you can have
a first instance of VeloView which receives the sensor’s data and forwards it to another instance of
VeloView on another computer at the address 10.33.0.215. To do so, the first instance of VeloView will
receive the data on the usual ports [2368; 8308] and forward it to the ip address 10.33.0.215 and ports
[10001; 10002] (you can choose other ports here). The second instance of VeloView will receive the data
on the ports [10001; 10002] (see figure 9). Of course, you can forward the data received by the second
instance of VeloView if you want.

Network Configuration Metwork Forwarding Metwork Configuration Network Forwarding

LIDAR Port Enable Forwarding LIDAR Port [ Enable Forwarding

@PS Port LIDAR forward Port @PS Port LIDAR forwardPort 10001 %
GPS forward Port GPS forward Port 10002 :
Forward ip address Forward ip address 10.33.0.215

Figure 9 : Left : first instance of VeloView which forwards the received data on the address 10.33.0.215
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on the ports [10001; 10002]. Right : Second instance of VeloView which receives the forwarded data on
the ports [10001; 10002].

Once the configuration is correctly done, you should be able to see the point cloud output by your
sensor (see figure 10).

Figure 10 : Output of a correctly configured Alpha Prime sensor

B-2- Visualization & Interaction

While the live stream is running you can pause the stream to a specific frame or record the stream into a
.pcap file (see figure 11).

o Fnn Ly SR

Figure 11 : Green : button to pause the stream, Red : button to record the stream

B-3- Packet loss

Sometimes, some data packets may be lost during a stream. This may happen for various reasons due to
hardware, software or network issues :

- underpowered computer
- faulty wired connection to LiDAR device
- too slow network bandwidth

- overloaded network leading to collisions and slower data transmission

Velodyne Lidar



- overloaded computer, which is unable to process all received data quickly enough

This loss may be impossible to detect by VeloView, but can lead to display or processing issues. Figure 12
shows an example of partial packet loss during a live stream : notice that some azimuth ranges are
missing.

Figure 12 : Partial packet loss during an HDL-32 live stream

C- Playback mode (reading .pcap files)

If you have a .pcap file containing Velodyne sensor data (recorded from VeloView, wireshark, ...), it is
possible to display the data in VeloView with the playback mode using the playback mode button (see
figure 13).

:ll LA DA E ¢

I'j Open a Wireshark-format capture file with data collected from a lidar sensor|

Figure 13 : Playback mode action

Once the Playback Mode button has been clicked, a configuration dialog named Sensor Configuration
will pop. For more information about the Sensor Configuration dialog and how to set it, please refer to
section B-1- Open sensor stream and sensor configuration dialog.

In this mode, you can easily interact with frames playback, going back to previous frames, change playing
speed, looping over data, etc. All these controls are described in section D-2 Playback controls toolbar.
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D- VeloView toolbars

Once you are visualizing data in VeloView, many tools are available to analyze and improve

comprehension of the data.

Eile Tools Views Help

< intensity

Cussaoa e’

Frame Mapping: | None (RAW Data) v I‘~ <K > B> DR

% speed: All frames ~

Time 1375400631.61 |~ Frame 0 | of 54 TF: 0 < |skip:|0

et dagic? B F] |

Figure 14 : VeloView’s toolbars. green: Basic controls; blue: Color controls; red: Custom viewpoints;
yellow: Settings view controls; orange: Geolocation controls; brown: Playback controls; purple: View and
camera controls.

D-1 Basic controls toolbar

The basic controls toolbar is located at the top left-hand corner of the VeloView GUI.

Figure 15 : Basic controls. From left to right : Open .pcap, Sensor stream, Save Lidar State, Load Lidar
State, Choose calibration file, Crop returns, Select all points, Select dual returns, Spreadsheet view,
Python console, Error console, Enable/Disable Advanced Arrays.

Open .pcap:
Open a .pcap file containing recorded Velodyne
sensor data (shortcut : ‘Ctrl + L).

Sensor stream: EI

Open an UDP socket to receive the data of a
connected sensor in real-time (shortcut : ‘Ctrl +
K’).

Save Lidar State : =1

Save the state of the first Lidar of the pipeline
into a json file. It allows saving some properties
as transforms.
L Lidar : "*‘

Apply the lidar state from a json file to the first
Lidar of the pipeline

Velodyne Lidar

Change the calibration: |
Open the calibration dialog to change the

calibration parameters (calibration file, GPS
parameters and network parameters). Note that
Open .pcap and Sensor stream buttons will
automatically open the calibration dialog before
displaying the point cloud. But if you did
something wrong in the calibration you can
adjust it using this button).

b
Crop returns:

Filter points to only show those that are inside
or outside a defined region. The region can be
defined using cartesian (x, y and z condition) or
spherical (radius, azimuth and vertical angle
condition) coordinates (see figure 16).



Select points: ° Python console: A
Select points in a defined region. The region is Open the python console (python console is
defined with the mouse. Once drawn, the explained in section llI- Python Console).

defined zone and viewpoint are saved, and all
the 3D points falling in this zone from this
viewpoint will be selected. This works even if
you move the camera around or change the

-
Error console: —!
Open the error console.

time-step (shortcut : %g’). Enable/Disable Advanced Arrays : [+ <
| | returns: Enable and disable the advanced arrays of the
interpreter.

Select the dual returns of all selected points. If
no selection exists, this operation will return the
dual returns of all points.

Spreadsheet view: D
Open the spreadsheet view (shortcut : ‘Ctrl +
T).

B Crop Returns ? *

Enable Cropping of Returns

Keep only peints with coordinates in range defined below.
Coordinates mode selection

() none () cartesian (®) spherical

[ slider mode

Ratational angle | 0.00 ] | 360.00 3]

Vertical angle | 0.00 ] | 180.00 3]

Distance | 5.00 3 | 15.00 3]

D Inverse Cropping : Keep points outside the range

[ Apply in future sessions Cancel
Figure 16: Left : Crop returns dialog to define the crop region. Middle : a region defined in spherical
mode (condition over the radius, azimuth and vertical angle). Right : a region defined in Cartesian mode
(condition over x, y and z).

D-2 Playback controls toolbar

You can affect the way the data are played in VeloView using the playback control toolbar (figure 17).

1 <k] [> B> o & Speed: x default v'I'F:||:| tISkip:||:| ¢| I

Figure 17 : Playback control toolbar. From left to right : Go to start, Go previous frame, Start / Stop, Go
next frame, Go to end, Loop, Record, Playback speed, Trailing frames, Skip and Select frame slider.
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Go to start:
Go to the first frame of the pcap.

Go previous frame:
Go to the previous frame.

Start / Stop:
Start or stop the playback (shortcut : “space”).

Go to next frame:

Go to the next frame.

Go to end:
Go to the last frame of the pcap.

Loop: '
Enable or disable the loop mode. Loop mode

replays the playback once the last frame is reached.

Speed: Speed: x default -
Control the speed of the playback. The numbers

indicate the multiplicative coefficient according to
the real time.

Trailing frame:TF:

Display the last X frames at the same time. It is
useful when you have stabilized data (with GPS/IMU
or SLAM data for example) (see figure 17).

S_kimSkjp:

Subsample the shown points by keeping only one
point every X points of the point cloud. It is
useful if you are in trailing frame mode with a lot
of accumulated point clouds.

lect frame slider:
Indicate the current frame. You can move to the
frame you want using the slider or the spinbox.

Figure 18 : Stabilized road section using GPS over 588 meters, visualized using aggregated trailing frames.

D-3 Color controls toolbar

The color control tool (see figure 19) is useful to display the information attached to each point. You can
choose the information you want to use for color-coding and choose the exact range or color set of the

color map.

Velodyne Lidar



M s 2S¢ o intensity o

Figure 19 : From left to right : Color legend, Edit color map, Fit color range to data, Custom color range,
Color-coding data selection

Color legend: ﬂ
Display/hide the color legend within the main 3D

View (see figure 20).

Figure 20 : Color legend

Edit color map: i
Edit and change the color mapping of the data. To

modify the colormap, click on the button favorite
colormap (see Figure 21). You can now choose
one of the colormaps present, or display more
colormaps by using the advanced button (see
Figure 23.)

Mapping Data

fal

-+

2
5 =
E—

]

0

- o

Figure 21: Select a colormap (in color Map Editor)

Velodyne Lidar

r

Rescale data:++
Rescale the color map so that the color range
corresponds to the data value bounds

Rescale custom; €

Rescale the color map as you want. It is useful if
you have data with a big range value but the
major part of the information is located on
subrange values.

Data selection; | © Mensity M

Changes the data information used for color
coding. By default the intensity of each Lidar
Return is displayed. However, you can select other
information such as X, Y or Z coordinates,
timestamp, laser id... (see Figure 22).

X

i

z
adjustedtime
azimuth
distance_m
intensity
laser_id
timestamp
vertical_angle

o0 Q0 Q0 Q000000

Figure 22 : Available data information for coloring



Choose Preset X
Search ... (use Esc to clear text) D)ptlons to load:

Presets Presets
- - Cool to Warm - - Cool to Warm (Extended)
_ Black-Body Radiation _ X Ray
_ Inferno (matplotlib) _ Black, Blue and White
B I 5!ue Orange (divergent) B Viridis (matplotlib)
Actions on selected:
- - Gray and Red _ Linear Green (Gr4L)
_ Cold and Hot _ - Blue - Green - Orange
Il 1 B rainbow Desaturated B B B Yellow - Gray - Blue
[ Bl Rainbow uniform L I et
Import
Close

Tip: <click> to select, <double-click> to apply a preset.

Figure 23: Display more colormaps by using the advance button

3.11672e+09
3.1167e+9
3.11668e+9
3.1
3
3.1

intensity

666e+9
664e+9
662e+09

timestamp

Figure 24 : Same frame displayed using different data information. Left : intensity, Right : timestamp.
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D-4 View and camera controls toolbar

The view control (see figure 25) contains tools to control the camera.

WA W Hofk o xdft fix By v sz -z |f='¥‘> {F'z'}‘_u Ok 'f'-'H-T P f.f-':i.‘; f.«"'i.":'
,-.:":-. m'i-. oo & cﬂ u:’a F'[l-b 1-!“] ﬂ-l”i ﬂ'[l-& R Y A R A
Figure 25: View and camera controls toolbar. From left to right : Reset camera, Reset camera to lidar

data, Zoom to data, Zoom to box, Set view direction to +X/-X/+Y/-Y/+Z/-Z, Rotate view by +90°; Show
orientation axes, Show center, Reset center to Lidar center, Reset center, Pick center.

Reset Camera: x Show orientation axes : r-j;'a’>
Reset the camera at its initial position and Show/hide the orientation axes frame.
orientation.
" Show center : @

Reset Camera to Lidar Data: ""‘: Show rotation center. This is the point used as
Reset the camera to point to the Lidar data the rotation center when rotating the 3D view
(shortcut : “Ctrl + Alt + v’). with the mouse/trackpad.

5.13 31
Zoomtodata: « % Reset center to Lidar center ; ¥
Zoom to fit the bounding box of the data. Reset the rotation center to origin (the Lidar

s position, shortcut : ‘Ctrl + Alt + I').
Zoom to box : :Q
Zoom to the user-drawn box. Reset center : @

Reset the rotation center to the center of the

Set view direction to X, Y, +Z:
data.

Set the camera viewing direction to the X, Y or Z
axis.

o o Pick center:@

Rotate view by £90°: o0 o0 Set a new rotation center.
Rotate the view by 90° clockwise or -90°

counterclockwise.

D-5 Settings view toolbar

([ =

Figure 26: Settings view toolbar. From left to right: Projective/orthogonal view, Measure distance, Plane
fit tool.
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Figure 27: Distance between car and pedestrian

Orthogonal view: (7
Switch from a perspective (smaller far objects) to an orthogonal view (all distances kept).

Mrin:@

Ctrl + left mouse button to draw a line and measure its distance. This functionality only works when the
orthogonal view is activated (see figure 27).
Plane fit tool:

Compute the plane that fits the currently selected points and display automatically some plane statistics
in the main spreadsheet view.

il 2017-03-13-14-

A15-16.Datapesp | STRONGESTRETURN | WP-15 Velodyne Lidar

Figure 28 : The selected points and the plane statistics displayed on the main spreadsheet view.

Note : This statistics can be exported like any other data in the spreadsheet (see how to export in section
A-2 Spreadsheet view).
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All those statistics are processed with a dedicated ‘Plane Fitter’ filter which makes it possible to launch
this calculation according to two modes :

Static mode :

In that case, each time you click on the 'Plane fit' button, the plane fitting process is applied on the
current selection of points. Then the statistics are displayed in the main spreadsheet view (see Figure 28)

In that case, you can compute the plane statistics and display them in real time. To do that you can
follow these steps :

1. Enable the VeloView ‘Advanced mode' (in ‘Tools’ -> ‘Debugging’)

2. Display and select the source you are interested in, on the 'Pipeline browser' dock (in ‘Views’)
a. Please don’t select the trailing frame source because ‘Plane Fitter’ filter needs a simple

frame source as input

Select some points in the render view

4. Extract the selected points by using an 'Extract Selection' Filter (in ‘Filters’ -> ‘Data Analysis’, or
by using ‘ctrl-space’ and taping the name of the filter).
Then click 'Apply' in the 'Properties' dock (in ‘Views’) .

5. Launch the plane fitting
Use a 'Plane Fitter' filter (in ‘Filters’ -> ‘Statistics’ or by pressing ‘ctrl-space’ and taping the name
of the filter).
Then click 'Apply' in the 'Properties' dock

w

After those steps a dedicated spreadsheet view (not the main spreadsheet view in that case) will open to
display statistics. A 3D plane model will be displayed in the render view. In that case, the ‘Plane Fitter’
filter is linked to the data flow so that statistics are updated in real time during playback or live stream.

D-6 Geolocation controls toolbar

The geolocation toolbar (see figure 29) can be used to display the GPS / IMU trajectory associated with
the LiDAR data (if GPS is connected to the LiDAR device). If this toolbar is disabled, you can activate it in
Views > Toolbars.

Frame Mapping: | None (RAW Data) -

Figure 29: Geolocation controls toolbar. From left to right : Show the GPS track, Frame mapping.

Show the GPS track :
Display the GPS trajectory associated with LiDAR data.
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. Frame Mapping: | None (RAW Data) ~
EFrame mapping :
Manage how to match LiDAR frames to GPS pose, and how to transform their coordinates to display
them.

— 6.79982e+08
6.75e+8
6.7e+8
6.65e+8
6.6e+8

fimestamp

6.55e+8

— 6.5e+8
~ 6.46583e+08

Figure 30 : Aggregated frames with GPS track

D-7 Custom Viewpoint Toolbar

E
% &

Figure 31 : Custom Viewpoint toolbar. From left to right: Configure custom viewpoints, Add current

viewpoint as custom viewpoint

3! =
% . Add a new button 1 in the toolbar that saves the current view.

[T-'I
. Allows to manage all created viewpoints (rename, remove, import, export, ...)
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D-8 Tools Menu

The Tools menu provides additional functionalities to visualize and analyze the data. Some functionalities
located in the tool menu are also available in one of the controls toolbar we just introduced.

Tools  Help
L D Spreadsheet Cirl+T F' E 9 -
"  Measurement Grid Ctrl+G i -
Hi+ Show RPM
- E o=

Grid Properties

Cheose Calibration File...
Laser Selection...

1 Crop Returns...

Dual Return Mode > & Dual
Select dual returns Ctrl+D Near Distance
Processing Options 4 Far Distance

High Intensity
Play Ctrl+P

Record

Low Intensity

L"

Python Console Fa

Error Console

Debugging 3

Crash Analysis

Figure 32 : Tools menu

Spreadsheet:
Open the spreadsheet view.

Measurement Grid:
Show or hide the measurement grid on the main view.

Show RPM:
Display the Rotation Per Minute (RPM) of the current frame. If the trailing frame mode is on, the
displayed RPM is the one of the last frame.

This spinning speed is an approximation, computed from points timestamps only, and it does not reflect
the actual motor RPM. It is computed as such for each frame:

60
[Timestamp (seconds) of last shown point] — [Timestamp (seconds) of first shown point]

RPM =

Grid Properties:
Open a dialog to change the properties of the measurement grid : number of ticks, dimensions of the
grid, size of a tick, ...

Choose Calibration File:
Open the calibration file dialog that we already introduced.
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Laser Selection:
Open a dialog to select and show calibration information of the lasers (see figure 33).

This is useful to display only a subset of the lasers, or to know the internal calibration values attached to
each laser (such as vertical angle, horizontal angle, ... ).

B Laser Selection ? *

[®] Enable/Disable all Toggle Selected

Channel (Firing Order) Vertical Corr. (deg) Rotational Corr. (deg) Dis ~
[ -315 0.22 1522
o n 742 454 1485
O o -7.15 -5.56 1308
[ -6.81 349 1.507
v
< >
[ Apply in future sessions 7] Display more corrections Cancel Apply

Figure 33 : Left: laser selection dialog. Right: point cloud with only one laser selected

Crop Returns:
Open the crop return dialog (see section D-1 Basic controls toolbar).

Dual return mode:
Choose the dual return mode that you are interested in.

Processing options:
Some options that are used to decode the raw sensor packets into 3D points:

® Apply HDL-64 intensity corrections : for HDL-64 only, correct the raw intensity values as per
device specs (depending on distance and calibration).

e Apply VLS-128 Fast Rendering: Use a special mapper to accelerate the rendering, but prevent
from using a custom colormap anymore. It is reported to improve rendering on laptops showing
live VLS-128 data.

Ignore returns with distance equal to 0 : do not display nor add points with coordinates (0, 0, 0).
Hide points marked with drop flag : do not display points received with a drop flag set to ON.
Adjust intra-firing timings and azimuth : interpolate time and azimuth between two firings,
using live computed sensor rotation speed and precise per channel firing-pattern timings
specified in datasheets.

® Ignore empty frames : when reading a .pcap, in case a frame has 0 points (possible only if
ignore returns with distance equal to 0 is enabled), it is removed and its timestep is deleted : it
behaves as if this frame doesn't exist at all.
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E- Multi Sensors Support

Since VeloView v5.0.4, you have access to the multi sensor option in Stream mode and in reader Mode.
This option allows opening several streams OR several readers from different sensors in VeloView. The
option does not support the opening of a stream and a reader. The list of all the sensors can be seen by
opening “View” -> “Sensors List”.

Sensor Configuration X

sensor Calibration

HDL64 Live Corrections =

HDL-32

VLP-16

VLP-32¢ =

58 Add

v Advanced configuration Reset advanced configuration
Lidar Position / Orientation in solid reference frame GPS Position / Orientation in solid reference frame

X 0.00 2 Roll 0.00 |2 Enable interpreting GPS packets

Y 0.00 |7 Pitch 0.00 | X Roll

z 0.00 |3 Yaw 0.00 | Y Pitch

Time offset | 0.00 = Z Yaw

Time offset

Network Configuration MNetwork Forwarding

LIDAR Port 2368 - Enable Forwarding

GPS Port LIDAR Forward Port

Crash Analysis GPS Forward Port
¥ Enable multi sensors Forward ip address

Ocnce | G0k

Figure 34 : Sensor Configuration Dialog with the “Enable multi sensors” option checked.

E-1 In Live Stream Mode

To add a new stream in VeloView, you have to use the sensor stream button : !

To add it in addition to those already created you have to check the “Enable multi sensors” option in the
Sensor configuration dialog (see Figure 34). You can find every open stream in the “Sensors List”
(accessible from the menu “Views”). This widget allows you to start/stop a stream (start and stop
receiving data), calibrate a stream (changing the Lidar port, the transform, the interpretation of the gps
data, ...), save the lidar state in a json file (save the transform, crop return, ...), load a lidar state from a
json file and remove a stream. The widget also displays some helpful information about every stream
such as the calibration file, the sensor information (available only when the stream already received
data), the lidar port, ... (see Figure 35).
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Sensors List

This widget displays all sensors currently opened.

For each sensor, you can see its name, port, calibration File, ...

You can use the [calibrate] button to modify some options (translation, ...)
You can use the [start]/[stop] button to manage the stream.

LidarStream1 Port: 2368
Calibration Filename: /home/melanie/work/Lv-Buildfinstall/lib/../share/VLP-16.xml
sensor Information: STRONGEST RETURN | VLP-16

2]

LidarStream2 Port: 2369

Calibration Filename: fhome/melanie/work/Lv-Buildfinstall/lib/../share/VLP-16.xml
sensor Information: Could not determine the interpreter for now
PositionOrientationStream1 Port: 8309

Calibrate Start (N

Figure 35 : Sensors List widget in stream mode, you can: see some information about a stream (brown),
calibrate a stream (orange), Start/Stop a stream (purple), save a Lidar state (pink), load a Lidar state
(blue) and close a stream (grey).

E-2 In Reading Mode (open pcap file)

To add a new reader in VeloView, you have to use the open pcap button :

To add it in addition to those already created you have to check the “Enable multi sensors” option in the
Sensor configuration dialog (see Figure 34). You can find every open reader in the “Sensors List”
(accessible from the menu “Views”). This widget allows you to calibrate a reader (changing the Lidar
port, the transform, the interpretation of the gps data, ...), save the lidar state in a json file (save the
transform, crop return, ...), load a lidar state from a json file and remove a reader. The widget also
displays some helpful information about every reader such as the pcap file, the calibration file, the lidar
port, ... (see Figure 36).

The multi Pcap mode is useful to :

- Display data from several pcaps files from different sensors recording at the same time. If you
open 2 pcaps files with no overlapping timestamps, you may see a paraview Error “Cannot meet
timestep request”. This is because there are timesteps between the pcaps where there is no
data.

- Read several ports on a unique pcap file. To do that you can open 2 readers by specifying the
lidarPort. If you open a reader with the wrong lidar Port, you will see no data.
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Sensors Liskt £

This widget displays all readers currently opened.
For each sensor, you can see its name, port, pcap and calibration File.
You can use the [calibrate] button to modify some options (translation, ...)

LidarReader1 Port: 2368 x
Pcap Name: /home/melanie/Projects/Velodyne/Data/VLP-16-with-GPRMC-with-PPS-timesync.pcap
Calibration Filename: /home/melanie/work/Lv-Build/install/lib/../share/VLP-16.xml
PositionOrientationReader1 Port: 8308

calibrate &= &

LidarReader2 Port: 2368 E
Pcap Name: /home/melanie/Projects/Velodyne/Data/VLP-16_Single.pcap
Calibration Filename: /home/melanie/work/Lv-Build/install/lib/../share/VLP-16.xml

I calibrate I" kS

Figure 36 : : Sensors List widget in reader mode, you can: see some information about a reader (brown),
calibrate a reader (orange), save a Lidar state (pink), load a Lidar state (blue) and close a stream (grey).

E-3 Selecting the widget

Using the Sensors List, you can select one of the widget (by simply clicking inside the rectangle
representing it, see Figure 37). This will allow you modify some parameters specifically to this widget
(like the array used to color data).
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Sensors List (£

This widget displays all readers currently opened.
For each sensor, you can see its name, port, pcap and calibration File.
You can use the [calibrate] button to modify some options (translation, ...)

LidarReader1 Port: 2368 x
Pcap Name: /home/melanie/Projects/Velodyne/Data/VLP-16-with-GPRMC-with-PPS-timesync.pcap
Calibration Filename: /home/melanie/work/Lv-Build/install/lib/../share/VLP-16.xml
PositionOrientationReader1 Port: 8308

Calibrate & ||

LidarReader2 Port: 2368 [=]
Pcap Name: /home/melanie/Projects/Velodyne/Data/VLP-16_Single.pcap

Calibration Filename: /home/melanie/work/Lv-Build/install/lib/../share/vLP-16.xml
PositionOrientationReader2 Port: 8308

| Calibrate ||:| |Z|

Figure 37: Select a widget in the Sensors List

F- Export Data

F-1 “Save As” Menu

The “Save As” Menu (in “File”) is only available in reading mode. To save data in a specific file format
from a stream, you need to first record a pcap. This menu allows you to save lidar data into different
formats (pcd, ply, las, ...). You will have to choose the frame(s) you want to export (see Figure 38). This
will save one file for each frame. For some formats you will need to fill specific information (see Figure
39).

Select Frame(s) to export (X

® Current frame

All frames

to 531 |+

Qcancel Qok

Figure 38: Select frame(s) to export

Frames from |0
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Select LAS export Parameters (%

Export Type UTMm -
UTMZone 31 2
Wwrite Color
Write SRS

@ cancel Qok

Figure 39: Select Las export parameters

F-2 Advanced Export format

If you want to export lidar data in other formats or if you want a single Las File containing several frames

a) Enable the “advanced mode” (“Tools” -> “Debugging” -> “Advanced features”).

b) Open the “Pipeline Browser” (available in “Views”).

c) Select the source you want to save in the “Pipeline Browser” (should be “Frame”)

d) Press “ctrl+S” or “Advance” -> “File (Paraview)”->"Save Data”

e) You will see a “SaveFile” dialog. You first choose the wanted file format (las, vtk, vtp, obj, ...) and
then enter the file name

f) A new configuration dialog may pop up. This is specific to the file format you asked for. (see
Figure 40 for the LAS specific dialog)

Configure Writer (LASFileWriter) x

First Frame |g
Last Frame |4
Frame Stride |q

Export Type |yTm B

In Out Signed
UTMZone

Offset 0 0 0

31

Skip Meta Data Pass
v Write SRS
Write Color

@ = Ocancel Qok

Figure 40: LAS Specific dialog : The single exported las file will contain all frames from “First Frame” to
“Last Frame”
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IlI- Python Console

A- Introduction

VeloView is the software provided by Velodyne to visualize, analyze and record data from Velodyne
sensors. As with ParaView on which it is based, it is possible to create some task automation pipelines or
small filters using the Python Shell console in VeloView. Another convenient tool is the “VeloView
--script” command directly derived from ParaView. It is possible to launch VeloView with the following
argument “VeloView --script path_to_my_script.py” to directly run a python script when VeloView is
launched. However, the automation is limited by functions which will require a user interaction such as
choosing a sensor calibration. This manual goes through accessing data and programming into the
python console. Then, we will show some examples of python programming using VeloView specific
functions. Finally, we will expose a non-exhaustive list of VeloView-python features.

B- Presentation of the Python Shell

B-1 Introduction to python-VeloView functionalities

The python console is a python environment available in VeloView which gives you access to some
python, paraview, Qt and VeloView functionalities. The VeloView functionalities give access to the data
provided by the Velodyne sensors, and gives some basic manipulation and analysis functions. Paraview
provides lots of built-in filters to be applied on the data. Qt is in charge of the graphical user interface
(GUI), and can be controlled with python too. Finally, you get all the usual Python scripting
functionalities for task automation.

B-2 Opening the python console

Once a VeloView instance is running, the Python Console can be opened in three differents ways :
1. By clicking on the python icon in the Basic Controls bar (see Figure 41)
2. By clicking on the python icon in Tools > Python Console in the menu bar (see Figure 41)
3. By pressing F8 on the keyboard

File = Tools Help
D Spreadsheet Ctrl+T n o | Bt DE::,
»  Messurement Grid Ctrl+G l Ll e &

‘::8 Show RPM Frame Mapping: |Mone (RAW Data) -
Grid Properties

Choose Calibration File...
Laser Selection...

Crop Returns...

Dual Return Mode

Select dual returns
Processing Options

Play

Record

Il’ Python Console
] Error Console

Debugging

Crash Analysis

Figure 41 : How to access the python console. Blue frame represents the menu bar. Green frame
represents the Basic Controls bar. Red frames represent the accesses to the python console.
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B-3 Presentation of the python shell

Once you open the python console using one of the three ways presented previously, a python shell
should be opened (see figure 42). The python console / shell presents 4 differents options :

1- Run Script : Allow you to load and run a python script.

2- Clear : Clear the console. The information of the console is cleared but the state remains. All your
variables and data will not be removed.

3- Reset : Reset the console. All the variables and data will be removed. Nethertheless, the console won’t
be cleared. If you want to restart with a fresh new console you can Clear and Reset the console.

4- Tab : Pressing the Tab key in the Python Shell shows the available autocompletion.

® Python Shell 7 *
Python 2.7.3 (default, Zpr % 2015, 15:02:17 MSC 1500 €4 kit (ZMDE4 on win3z
»»» from paraview.simple import *
paraview version 5.1_Z2-8-g3Z5385cS
>»¥» reader = vv.getReader()
>>> reader.
GetCellDatalnformation ~

GetDatalnformation
GetFieldDatalnformation
GetPointDatalnformation

GetProperty

GetPropertyValue

Initialize ]

I Run Script " Clear I Reset I Close

Figure 42 : The Python Shell, Red: Run script option, Blue: Clear option, Green: Reset option, Orange :
Autocompletion option

D- VeloView and VTK glossary and data model

In VeloView the data is represented as a VTK vtkPolyData object. It is a dataset containing two things: the
3D geometry (the list of 3D points provided by the velodyne sensor) and the extra data associated to
these points (intensity, timestamp, azimuth, laser ID, ...). The association of the points and their
corresponding data is called the polydata or dataset.

The available readers in VeloView read the data from the network (streaming reader) or from .pcap files
(pcap reader) and provide the vtkPolyData corresponding to the data. Hence, when we get the output of
a reader in the Python Shell we get a vtkPolyData object. The structure of a vtkPolyData can be found
here : http://www.vtk.org/doc/release/5.4/html/a01260.html.

What should be retained is that the geometric points are accessible through the method “.GetPoints()”
and the extra data are stored in arrays accessible through the method “.GetPointData()".
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About the “GetClientSideObject()”:

Short story: You don’t need to understand the client/server paradigm: just base yourself on examples
and auto-completion.

Long story: Usually the VeloView functions will provide a servermanager containing the object you want.
It is because VeloView is directly derived from the Paraview Client / Server architecture. When you get a
reader with the function “/v.getReader()” for instance, you will get a servermanager instance on the
reader. If you want to get the output or have access to the method of the object you must use the
“GetClientSideObject()” function. For instance, if you want to get the vtkPolyData output of the reader
you must write “getReader().GetClientSideObject().GetOutput()”.

E- Examples
E-1- Get data information

The first example will show you how to get the point cloud generated by the Velodyne sensor.

Step 1 : Open the provided .pcap example: “roundabout.pcap”
Step 2 : Open the Python Shell
Step 3 : Write these python code lines :

reader = lv.getReader() # Get the .pcap reader

cloudInfo = reader.GetClientSideObject().GetOutput()  # Get the output of the reader stored in a vtkPolyData object
points = cloudInfo.GetPoints() # Get the 3D points list

points.GetPoint(10) # Coordinates of the 10th point

times = cloudinfo.GetPointData().GetArray("timestamp") # Get the time information of the points

times.GetValue(10) # Value of the time information for the 10th point
Explanation : In this example we get the point cloud associated to the first frame of the
“roundabout.pcap” data, and we print the coordinates and timestamp values of the 10th point of the 1st
frame.

1- As you can see, all the available functions in VeloView-python are stored in the module named “Iv”.
For instance, if you want to access the function stored in the module vtk, you must write :
Iv.vtk.DesiredFunction().

Note : For retro-compatibility reasons, the alias “vv” can also be used instead of “/v”.

2- getReader() is the VeloView function which gives you the .pcap reader. The .pcap reader is a vtk filter
whose output is the dataset of the current frame. The output dataset is stored in a vtkPolyData object. It
contains the 3D points list and the extra data associated with these points.

3- The method GetPointData() of the vtkPolyData class gives you access to the data arrays stored in the
dataset. Using the method GetArray(“ArrayName”), you will have access to the data of the
corresponding array. The exact names of the arrays available in the point cloud are visible in the
spreadsheet view (see Figure 43). The available arrays depend on the data (type of Velodyne sensor, GPS
availability, IMU availability, extra data, ...).
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Showing Dats ~ Attribute: PointDats ~ Predision: 3 & H
I Point ID X ¥ Z adjustedtime azimuth distance_m intensity laser_id timestamp vertical_angle I
0 0 0.036 5.372 -1.440 646182671.000 38 5.362 50 0 646182671 -15.000
1 1 0.207 30.451 0.532 646182673.000 39 30.436 10 1 646182673 1.000
2 2 0.042 5.967 -1.378 646182675.000 40 6,124 2 2 646182675 -13.000
3 B3] 057 77.843 4.080 646182677.000 42 T7.952 63 3 646182677 3.000
4 4 0.051 6.763 -1.315 646182680.000 43 6.892 3 4 646182680 -11.000
5 5 0.062 1723 -1.223 646182684000 46 7.820 10 6 646182684 -9.000
6 6 0.076 9.060 -1.112 646182689.000 9,128 4 8 646182689 -7.000
7 7 0.095 10.383 -0.953 646182694.000 50 10.930 1 10 646182694 -5.000
8 8 0.126 13.587 -0.712 646182698.000 53 13.606 1 12 646182608 -3.000
9 18.288 -0.319 646182703.000 18.292 646182703 -1.000
: -----------

20

21

23

24

25

20

21

23

24

25

l Python Shell

?

Python 2.7_3 (default, Zpr 9§ 2015, 15:02:17) [MSC w_1500 &4 bit

»>> from paraview.simple import *
paraview version 5.1.2-8-g%2385cH
»>>> reader = vv.getReader()

»»» cloudInfo = reader.CetClientSideObject () .GetOutput ()

»¥> points = cloudInfo.GetPoints ()

>>> times = cloudInfo.GetPointData().Gethrray|"timestamp™)
»»> times.GetValue (10)

646182726

»»> points.GetPoint (10)

0.06385207921266556, 5.379827976226807, -1.4416221380233765)
»»> points.GetPoint (10) # Coordimates of the 10 th point

(0.0638520752126655¢6, 5.379827576226807, -1.4416221380233765)
>

AMD&4)] on win3z

Run Script Clear Reset

Close

| 546182728
646182730
‘ 646182732
646182735
‘ 646182737
646182740
‘ 646182744
646182749
‘ £46182753
646182738
‘ 646182781
646182783
‘ 646182726
646182788

| 646182790

Figure 43: Python shell and Spreadsheet view
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E-2- Select points using data

In this example we will select points that have a returned intensity over a defined threshold, and save
the result in a .csv file.

Step 1 : Open the provided .pcap example: “roundabout.pcap”
Step 2 : Open the Python Shell
Step 3 : Write these python code lines :

reader = lv.smp.GetActiveSource() # Get the .pcap reader

query = 'intensity > 50' # Query selecting points whose intensity is over 50
Iv.smp.SelectPoints(query, reader) # Select the points which satisfies the query
Iv.smp.Render() # Render the result
Iv.saveCSVCurrentFrameSelection("D:\save.csv") # Save the selected points in .csv format
Explanation :

1- lv.smp.GetActiveSource() : here we get the .pcap reader with the function GetActiveSource(). As you
can see this function belongs to the module “smp” which is the module “paraview.simple” where all the
paraview functions are stored. GetActiveSource() returns the active source, in our example the active
source is the .pcap reader.

2- smp.Render() refreshes the active source once the data process is done. If you want to refresh another
view (spreadsheet view or main view) you have to set the active source with smp.SetActiveSource().

3- lv.saveCSVCurrentFrameSelection("D:\save.csv") saves the selected points in a .csv file located at the
indicated path.

Figure 44 : Result of example #2. Pink points are the selected points.
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E-3- Display a 3D model in the mainview

In this example we load and display a 3D model in the main view

Step 1 : Open the provided .pcap example: “roundabout.pcap”
Step 2 : Open the Python Shell
Step 3 : Write these python code lines :

Model = Iv.smp.OpenDataFile("D:/PythonManualData/BMWX54.0bj")
ModelOriented = Iv.smp.Transform(Input = Model)
ModelOriented.Transform = 'Transform’
ModelOriented.Transform.Scale = [1.0/30.0, 1.0/30.0, 1.0/30.0]
ModelOriented.Transform.Rotate = [90, -102, 45]
ModelOriented.Transform.Translate = [-0.69, -0.25, -1.80]
Iv.smp.Show(ModelOriented)

Iv.smp.Render()

Explanation :
1- smp.OpenDataFile("D:/PythonManualData/BMWX54.0bj") open the .obj model.

2- Scale, Rotate, Translate : Since the model is given in an arbitrary frame, we must rescale and set the
orientation of the model to fit our data.

3- Show(), Render() : We show the result in the main view and then render the result to display the
model.

Figure 45 : The model is added in the main view
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E-4- Start VeloView with a 3D model loaded in the mainview with “- -script”

In this example we load and display a 3D model in the mainview directly when VeloView is launched
using the --script command-line option. We use the script LoadModel.py written in the previous example
E-3- Display a 3D model in the mainview.

Step 1 : Open a terminal in the folder containing VeloView executable. You can do that on Windows by

pressing the key E+ R and type “cmd”.
Step 2 : launch VeloView from the terminal with the command:

./VeloView --script='D:\PythonManualData\LoadModel.py'

Of course, you need to replace “D:\PythonManualData\LoadModel.py” with the path to the file
LoadModel.py. You also must replace the model filename contained in the file LoadModel.py.

You should now see VeloView start, and display the 3D model already loaded within the main view as in
the previous example.

E-5- Handling multiple lidar sensor using python shell
In this example we show how to display the stream of several lidars in VeloView.
Step 1: Open the Python Shell

Step 2: Instantiate as many stream as you want :

lidar = LidarStream()

I.i'dar = LidarStream()

Step 3: Fill all the information needed by the Stream for all stream you have instantiate
The mandatory fields are :

- ListeningPort : Port number where the corresponding lidar send its lidar packets
- CalibrationFile : Calibration file corresponding to the sensor
- Interpreter : Have to be the ‘Velodyne Meta Interpreter’ (which selects the appropriate one)

1) You can set them using the User Interface (After Step 2) :
- Open the “Pipeline Browser” and the “Properties” panel (in the “Views” menu)

- Selectin the “Pipeline Browser” the stream to which you want to set the parameters

- Fill the “Listening Port” information, select the calibration file corresponding to your data and
select the “Velodyne Meta Interpreter”

- Press “Apply” then “Start”

Velodyne Lidar



2)

You can set these parameters using python :

calibrationFile =" " # Path to calibration file of the lidar
lidarPort = 2368 # Port number where the lidar send its lidar packets
N=3 # Number of lidar stream to instantiate

for i in range(N):
lidar = LidarStream()
lidar.CalibrationFile = calibrationFile
lidar.Interpreter = 'Velodyne Meta Interpreter’
lidar.ListeningPort = lidarPort + i
lidar.UpdatePipeline()
Show(lidar)
lidar.Start()

Step 4: Fill the optional information you need :

1)

2)

Throw the Ul : With the “Pipeline Browser” and the “Properties” panel (in the “Views” menu):
- Select the stream that you want
- Set the optional parameters you want (“Enable Advanced Array”, “Sensor Transform”,
“Is forwarding”, ...

Apply a transform using python :

calibrationFile =" " # Path to calibration file of the lidar
lidarPort = 2368 # Port number where the lidar send its lidar packets
N=3 # Number of lidar stream to instantiate

foriin range(N):
lidar = LidarStream()
lidar.CalibrationFile = calibrationFile
lidar.Interpreter = 'Velodyne Meta Interpreter'
lidar.Interpreter.SensorTransform = 'Transform2'
lidar.Interpreter.SensorTransform.Scale = [1.0/2.0, 1.0/2.0, 1.0/2.0]
lidar.Interpreter.SensorTransform.Rotate = [0, 90 * i, 0]
lidar.Interpreter.SensorTransform.Translate = [i, i, i]
lidar.ListeningPort = lidarPort + i
lidar.UpdatePipeline()
Show(lidar)
lidar.Start()
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F- List of functionalities

This section gives a non-exhaustive list of available functionalities in Python-VeloView.

F-1- Simple Paraview : “lv.smp.”

All functionalities provided by the module paraview.simple are available using “iv.smp.”. You can find the
description and documentation of the functionalities here :

https://kitware.github.io/paraview-docs/latest/python/paraview.simple.html

F-2- Qt “Ilv.QtGui”

All functionalities provided by the module QtGui are available using “/v.QtGui.”. You can find the
description and documentation of the functionalities here :

https://www.riverbankcomputing.com/static/Docs/PyQt5/

F-3- Vtk Python

All functionalities provided by the module vtk are available using “Iv.vtk.”. You can find the description

and documentation of the functionalities here :

http://www.vtk.org/Wiki/VTK/Examples/Python

F-4- VeloView functions “Iv.”

Following is a non-exhaustive list of common functions that are available in the module “/v.”. For more
functionalities, don’t hesitate to use auto-completion to get access to all available features.

getReader() : Return the .pcap reader which contains
the point cloud of the current frame.

openSensor() : Instantiate a UDP socket to receive
data from velodyne-HDL sensor.

openPCAP(filename) : Create a .pcap reader to read
the data contained in the file located at filename.

hideMeasurementGrid() : Hide the measurement
grid.
showMeasurementGrid() : Show the measurement
grid.

saveCSVCurrentFrame(filename) : Export the current
frame into a .csv file.

saveCSVCurrentFrameSelection(filename) : Export
the current selection of the current frame into a .csv
file.

recordFile(filename) : Record the data received in
live stream.

stopRecording() : Stop the recording.
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startStream() : Start the listening of the UDP socket.
stopStream() : Stop the listening of the UDP socket.

getSensor() : Get the live streaming reader. The
output of this reader is the 100 last received point
clouds.

getPosition() : Get the position reader. The output of
this reader is the GPS / IMU information contained in
the data.

onCropReturns(show = True) : Open the crop dialog
box.

resetCamera() : Reset the camera.
saveScreenshot(filename) : Save a screenshot.
showGrid() : Show the grid.

hideGrid() : Hide the grid.

getMainWindow() : Get the main view (the view
where the point cloud is displayed).

toggleSelectDualReturn() : Select the dual return of
the current selection.


https://kitware.github.io/paraview-docs/latest/python/paraview.simple.html
https://www.riverbankcomputing.com/static/Docs/PyQt5/
http://www.vtk.org/Wiki/VTK/Examples/Python

setFilterToDual() : Show only the dual return.
setFilterToDistanceNear() : Show nearest returns.
setFilterToDistanceFar() : Show farest returns.

setFilterTolntensityHigh() : Show highest intensity
returns.

setFilterTolntensityLow() : Show lowest intensity
returns.

setTransformMode(mode) : Change the transform
mode : 0) raw, 1) absolute, 2) relative.

Iv.app.reader : Get the .pcap reader.

Iv.app.sensor : Get the streaming reader.

IV- Troubleshooting

Iv.app.distanceResolutionM : Distance resolution of
the sensor.

Iv.app.trailingFramesSpinBox : GUI spinbox which
determines the number of trailing frames.

Iv.app.geolocationToolBar : GUI geolocation toolbar.

Iv.app.mainView : The main view (the one displaying
the point cloud).

Iv.app.gridProperties : Properties of the grid.
Iv.app.grid : The displayed grid in the main view.

Iv.app.scene : Displayed scene in the main view.

A- Windows-Only: Getting Past the Firewall to Visualize streaming Sensor Data

After clicking on File > Open and selecting Sensor Stream, Windows Firewall may interrupt the
proceedings by displaying a WindowsSecurityAlert dialog box with two or three checkboxes. This
happens only if the firewall is enabled -- and it only asks once. The first time that particular VeloView
accesses a network port, the firewall asks for permission to allow communication on [ ] public networks,
[ ] private networks, and perhaps [ ] domain networks (such as a workplace network), via that interface.
IMPORTANT: Checkmark all checkboxes then click the Allow Access button

ﬁ Windows Security Alert

G Windows Defender Firewall has blocked some features of this

app

domain networks.

Windows Defender Firewall has blocked some features of veloview.exe on all public, private and

‘ MName: veloview.exe
w  Publisher: Unknown

Path: C:\program files\veloview 4. 1.0%bin\veloview, exe

Allow veloview .exe to communicate on these networks:
[] Domain networks, such as a workplace network

[l Private networks, such as my home or work network

[ Public networks, such as those in airports and coffee shops (ot recommended
because these networks often have litte or no security)

What are the risks of allowing an app through a firewall?

==

Figure 46 : Allow VeloView to Communicate on These Networks
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If you don't do that, the firewall will block communications with the sensor. You'll get no data from the
sensor.

To resolve that situation, select 'Allow an app through Windows Firewall' in the ControlPanel (see Figure
47). The 'Allowed apps' dialog will be displayed. Click 'Change settings' to enable changes. Next, scroll
down to veloview and click on the entry. Make sure it has a checkmark in front of it so its rules are
enabled. Now put check marks in each column to the right of veloview, then click OK to make the
changes. It should look like Figure 47 below.

Best match

Allow an app through Windows
Firewall

Control pangl

Search work and web

Allow an app through Windows Firewall
L allow an - see work and web results > .

' Open

£ allow an|

Figure 47 : Allow an App Through Windows Firewall

4 o » Control Panel » System and Security » Windows Defender Firewall » Allowed apps w

Allow apps to communicate through Windows Defender Firewall
To add, change, or remove allowed apps and ports, click Change settings

What are the nsks of allowing an app to communicate! GCMEI;# settrngs

Allowed apps and features:

MName Domain  Prvate  Public ™

B velowie " " =

Figure 48 : Enable VeloView to communicate Through Windows Firewall

Or, you could disable the firewall completely, but that is not recommended.
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B- Windows-Only: How to use special characters on VeloView

On Windows, Veloview can encounter some issues if you use characters not listed in the basic ASCIl table
to, your account name, a filename or the Veloview executable directory. Note that in the VeloView code
base, we use the local encoding of the system to decode each character. Also to be sure the special
characters you use are decoded properly, we need to use ‘unicode UTF-8' encoding. So your local system
encoding needs to be ‘unicode UTF-8" which is not always the case on Windows.

To get all the needed information on the local encoding of your system, you can open a ‘Power shell’
terminal and enter ‘[System.Text.Encoding]::Default’.

If you want to setup ‘unicode UTF-8’ as default on your system, please follow these steps :

e First, go to the ‘Region Settings’.

Settings - o x
® Home Region
Find a setting » Country or region Related settings
Additional date, time & regional
France e Settings
Time & Language
Windows and apps might use your country or region to give you local
content.
B Date &time @ Gethelp
Regional format & Give feedback
@ Region
Current format: English (United States)
& language
Recommended [English (United States)]
O Speech Windows formats dates and times based on your language and regional
preferences.
Regional format data
Select Change data formats to switch among calendars, date, and time
formats supported by the region.
Click on ‘Additi ID ime & regi I ings’:
° ick on itionnal Date, time & regionnal settings’:
@ Clock and Region - [m] bed
1+ @ > Co. » Clock. v o »

Control Panel H, .
enirelane Home Date and Time

Setthe time and date
Change the time zone

System and Security

Network and Internet Add clocks for different time zones
Hardware and Sound = .

Ii Region
Programs P Change date, time, or number formats
User Accounts

Appearance and
Personalization

s Clock and Region

Ease of Access

e Select ‘Change date, time, or number formats’, go to the ‘Administrative’ tab and select ‘Change
system locale..’
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https://www.rapidtables.com/code/text/ascii-table.html

B Region
Formats  Administrative
Welcome screen and new user accounts

View and copy your intemation| settings to the welcome screen, system
accounts and new user accounts.

& Copy settings.

Language for non-Unicode programs

This setting (system locale) controls the language used when displaying
text in programs that do not support Unicode.

Current language for non-Unicode programs:

English (United States)

% Change system locale.

oK Cancel Aoply

e Then enable the ‘Unicode UTF-8 for worldwide language support’ option, click ok and restart

your system.

¥ Region Settings x

Select which language (system locale) to use when displaying text in programs
that do not support Unicode. This setting affects all user accounts on the
computer.

Current system locale:

English (United States)

[ Beta: Use Unicode UTF-8 for worldwide language support

Cancel

After this manipulation, you should be able to use all the characters listed in the

UTE-8 table on
VeloView.
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https://www.utf8-chartable.de/

Additional information can be found in your Velodyne sensor's user manual, available here:
https://velodynelidar.com/downloads/#manuals. See Appendix E.

For questions, issues, and feedback, use the Contact Technical Support form here:
https://velodynelidar.com/contact-us/.
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