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Copyright Statement
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The copyright of this manual belgs to LeiShen Intelligent System CO.,
Ltd. Any unit or individual may not copy, reproduce or use the materials and
contents herein without written permission. Otherwise, the violator will bear
the corresponding losses caused therefrom, and the legal sésluoes will

be investigated at the greatest extent.
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and improve the system. Therefore, we cannot guarantee that this manual is
completely consistent with the system you purchaseawveyer, we will
review and amend this manual periodically. Any revisions are subject to

change without prior notice.
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1. LIDAR Introduction

1.1 Description

1. All the illustrations in this instruction are for reference only and shall be subject to
the latest products.

2. In order to avoid violating the warranty terms, it is not allowed to disassemble the
Li DAR. For t he rel evant oper ation-salespl ease
technical staff.

1.2 Operaton Principles

The ranging principle of Cl&hannelhybrid solidstate LIDAR (hereinafter referred
to asC16 ) isTime offlight measurement

Time of fligh{ TOF): As the laser transmitter emits a laser pulse, the internal timer
starts to calculate the time (t_1) and stops (t_2) when the laser receiver receives the partial
energy of the laser wave bouncing off any objects

Distance = Light Speed (x_2-t 1)/2
1.3 Product Description

Inside the LIDAR enclosure are 16 pairs of lasmtting and receiving devices
mounted on the bearings. A 350panoramic scaring is done by rotating the internal
motor at 5Hz (or 10Hz, 20Hz).

% |
== :

\ . |

Figurel.l C16's beamdlistribution:2£ (Left™ and 1.3& (Right)

\\
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Figurel.2 C16 Coordinate system and scanning direction
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2. Product Pecification

2.1 Specificationparameter

Table2.1: Specifications of C1-&xxB

Model C16-xxxB/C16-xxxD
Detectingway Pulsed Laser
Laser band 905nm
Laser class Class 1 (eyesafe)
Laser channel 16-channel
Detecting range 70~200m
Range accuracy 3cm

Data acquisition speed
(Dual return mode)

320,000 pts/sec
(640,000 pts/sec)

Vertical -15% +15°
Fov -
Horizontal 360°
Angular Vertical Equal 2°
Resolution | Horizontal 5Hz: 0.099 10Hz: 0.189 20Hz: 0.36°

Scanning speed

5Hz, 10Hz, 20Hz( optional )

Communication interface

Ethernet external communication, PPS

Supply scope +9V° +36VDC
Operating temperature -20N °© +60N (B)/ -40N ~ +60N
Storage temperature -40N © +85N

Impact 500 m/sec?for 11 ms
Vibration 5Hz" 2000Hz,3G rms
IP Grade IP67
Dimension ®102mm* 78 mm
Weight 1050g(including 1.2m cable)/840g(lightweight, including 1.2xhle )
Table 22: Specifications of C1&xxC
Mode C16-xxxCl/ C16-xxxE
Detecting way Pulsed Laser
Laser band 905nm
Laser class Class 1 (eyesafe)
Laser channel 16-channel
Detecting range 70m~200m

www.| slidar.com
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Range accuracy

+3cm

Data acquisition speed
(Dual retun mode)

320,000 pts/sec
(640,000 pts/sec)

Viewing Vertical -10%+10°
Angle Horizontal 360°
Angle Vertical Equal 1.33°
Resolution | Horizontal 5Hz: 0.099 10Hz: 0.189 20Hz: 0.36°

Scanning speed

5Hz, 10Hz, 20Hz(optional)

Communication interface

Ethernet external communication, PPS

Supply scope +9V" +36VDC
Operating temperature -10N © +60N
Storage temperature -40N © +85N

Impact 500 m/seczfor 11 ms
Vibration 5Hz" 2000Hz,3G rms
IP Grade IP67
Dimension ®10 2 Bimfm
Weight 1050gé6tandaryf840g(ightweght)

2.2 External Dimensions andnstallation

There are 2 positioning holes and 4 M4 screw mounting holes at the bottom of the
LIDAR. The data line interface position is£0 (Or 180f ~

manger)horizontal angle of the LIDAR, and the LiDAdRates clockwise.

Please contact sale

www.| slidar.com
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Light sensing area, do not cover

43. 37

105

118.6 _

4540, 05

Figure2.1 Structure size ai6-line small lidar
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3. Electricallnterface

3.1 DevicePower Supply

Device power supply input range: 9VDC36VDC, use of input voltage 12VDC
recommended.( If using other DC power supply, the recomndeadtput voltage of the
power supply: 12VDC, the maximum output curredt: 3A. Output ripple noise:
<120mVpp, output voltage accuracy.

3.2 Definition of Device Lead Output Interface

C16 body leads cable{&re shielded wire with serial number shown aswgfrom
the side at the lower side.

1200*5% -
@
@ /@
[T=
A—= 3 QQ
=18 345 ‘
Sall by peainion
e HTEcatbon wiring definition
Fomale Calor

1 black

2 Light blue

3 bluve

i Light orange
5 orange

[ Yellow

T White

B red

She] }————shicld
Figure 3.1 Aside interface of lidar base cable

The cable leading out from the terminal box is connected to the aviation plug (male head).
The cable is an-8ore shielding cable, as shown in the figure below

-
www.| slidar.com Email: sales@lIslidar .com Phone: 86-755-23242821 LS LIDAR
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300+30/-0

QR

#5.5

L, ;

¥

Sall by peaivion P 55 a8
Pl it s wiring definition

Fomaslae Calor (AWG)

black (20AWG)

Light blue (24ANG)
blue {24AWG)

Light orange (24AWG)
orange (Z4AWG)
Yellew (20AWG)
White (20ARG)

red (20AWG)

shield

A Contasct surfmce

B = o B e S S e

Z

Figure 3.2 A-side interface of lidar junction box

8 core cable defined as follows

Cable color and AR -
SIN T Definition Description
specifications
1 Red 20AWG VCC Positive power supply
i . Negative Ethernet transmitter
2 Light blué 24AWG TD N . .
differential
. Positive Ethernet transmitter
3 Blué¢ 24AWG TDP . i
differential
i . Negative Ethernet receiver
4 Light orange 24AWG RD N . .
differential
. Positive Ethernet receiver
5 Orangé 24AWG RDP . .
differential
. GPS synchronous second pulse /
6 Yellow 20AWG GPS_PPS
external synchronous second pulse
7 White® 20AWG GPS_Rec GPS timing receiving
8 Black 20AWG GND Negative power supply (GND)

The function of cable box is to facilitate the computer to use the power adapter
attached to thdidar and connect the Ethernet cable directly to lidar test. If no
connection box is needed, it can be usedRemove-theegerminal wire from the junction
box by yourself and connect the power supply, Ethernet interface and GPS device interface
separately. Just disconnect the junction box shell.Disconnect the welding position of the
8-core connector and take out the@eterminal connector from the junction box.

C16 factory default connection junction box, from the LIDAR to junction box line
length is divided into two sections, cable which connected to the LIDAR pai% ofeters,

www.| slidar.com Email: sales@lIslidar .com Phone: 86-755-23242821 LS LIDAR
11



=£4( LSLIDAR

the connection junction box line lengdh 0.3 meters, the middle aviation plug connection,
as shown.

Figure3.3 Connection between Adapter Box and LIDAR
The adapter box for the C16 series mlitte LIDAR has external interfaces including:

2.1MM DC socket, indicator, 100M Ethernet RJ45 pamd the €in connector GPS
timing interface

Indicator light

>
(- 11 Ethernet
e \_Power socket hole

-
:: GPS timing

G) © |4l i / ;
L | ﬂf{ |3
- . |4
\ 5
L | 6
<7 @ o [ .
3 L]
B4 24,5
Interface S/N Description
1 NC
2 GND
3 GPS_REC
www.| slidar.com Email: sales@lIslidar .com Phone: 86-755-23242821 LS LIDAR
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4 GND
5 +5V
6 GPS_PPS

Figure3.4 Terminal Block Definition

I ——
www.| slidar.com Email: sales@lIslidar .com Phone: 86-755-23242821 LS LIDAR
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4. Quick guide
4.1 Connect the lidar

Standard Ethernet port and
computer host port connecte
to lidar with network cable

Connect the power port to the adapter

— — 9

Ethernetinterface

i
| i .
4:-| Power interface and standal
|
|

Lidar

Terminal block

Figure 4.1 Connect the lidar to theomputer

4.2 Windows Software display and LiDAR config

The pointcloud display software provides parsing data package and Device package
information, and displays 3D poiotoud data. Through the visual window, users can reset
LIDAR parameters. For detadeoperation process, please refer to the pdoud display

software section

LiDAR IP and port

Table 41 LiDAR DefaultNetwork Configuration

IP Address

UDP Equipment Port

UDP Parsing Port

LIDAR

192.168.1.200

2368 Fixed unmatchable

2369 Fixed unmatchale”

Computer

192.168.1.102

2369 2368

www.| slidar.com
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Note:When setting the LIDAR IRIDAR IP and the Computer IP cannot be set to the

same |P,otherwise the LIDAR will not work properjyln lidar multicast mode, both
destination ports are set to the same port number

When connecting the lidar, the computer &ddr IP in different network segments,
need to set up the gatewdyhen the same network segment, set differenforlRexample,
| P: 192.168. 1. x, and subnet ma s k : 2idn5 .
information is unknown, wireshark is used for the connectingicdeto capture the
device’s ARP packet for analysis after
the ARP packet, see the figure below.

o et e
HE) EERE) WEN) PEEG) MERC) HETA) S WIS M) TRO) wElH)

mae R QuewEFriEaqal

[OGLEE S

No. Thv_E Smxﬁne Destination Frotocol L?_nslh Info
212 34.568640 60:76:89:00:00:00  Broadcast ARP 60 Who has 192.168.1.102? Tell 192.168.1.200 |
713 34.770848 60:76:80:00:00:08  Broadcast ARP CO Who has 192.168.1.1027 Tell 192.168.1.200
214 34,973058 60:76:89:00:00:00  Broadcast ARP 60 Who has 192.168.1.1027 Tell 192.168.1.200
215 35.175490 60:76:89:00:00:00  Broadcast ARP 60 Who has 192.168.1.1027 Tell 192.168.1.200
216 35.377711 60:76:89:00:00:00  Broadcast ARP 60 Who has 192.168.1.102? Tell 192.168.1.200
217 35.579976 60:76:89:00:00:00  Broadcast ARP 60 Who has 192.168.1.1027 Tell 192.168.1.200
218 35.782324 60:76:89:00:00:00  Broadcast ARP 60 Who has 192.168.1.1027 Tell 192.168.1.200
219 35.984584 60:76:89:00:00:00  Broadcast ARP 60 Who has 192.168.1.1027 Tell 192.168.1.200
220 36,186855 60:76:89:00:00:00 Broadcast ARP 60 who has 192.168.1.102? Tell 192.168.1.200
221 36.389046 60:76:89:00:00:00  Broadcast ARP 60 Who has 192.168.1.1027 Tell 192.168.1.200

222 36.591448 60:76:89:00:00:00 Broadcast ARP 60 Who has 192.168.1.1027 Tell 192.168.1.200

Frame 214: 6@ bytes on wire (48@ bits), 6@ bytes captured (48e bits) on interface @
4 Ethernet II, Src: 60:76:89:00:00:00 (60:76:89:00:00:00), Dst: Broadcast (ff:ff:ff:ff:ff:ff)
Destination: Broadcast (ff:ff:ff:ff:ff:ff)
Source: 60:76:89:00:00:00 (60:76:89:00:00:00)
Type: ARP (@x0806)
Padding:
Address Resolution Protocol (request)

eeaa ff ff ff ff ff ff 68 76 89 oo @0 00 08 06 LN

CEIGEOS 00 06 04 00 01 60 76 89 00 A0 00 ¢ a8 01 c8

CUrLE00 00 00 00 00 00 ca a8 01 66JGERGR R
@0 90 20 00 00 00 00 20 00 00 90 e

o

7 address Resolution Protocel (arp), 28 FH M4E: 342 - BRE: 842 (100 0%)

Figure4.2 Wireshark ARP

Note: Wireshark software is thipglarty software. Copyright and commercial disputes

caused by customers during use are not relatedighien
4.3 Parse point cloud data

If the user needs to parse tltar data, follow the following steps:

1) Analyze datapackets to obtain the relative horizontal Angle, ranging information,

strength data and microsecond timestamp information of each line;

2) Read the device package and obtain information such as horizontal correction Angle

value, UTC time (GPS or NTP tingh and device current state configuration;

255.

t

www.| slidar.com Email: sales@lIslidar .com Phone: 86-755-23242821 LS LIDAR
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3) Obtain the vertical Angle of each line according tolitdea beam distribution;

4) Obtain the XYZ coordinate value according to the ranging value, vertical Angle and
calculated horizontal Angle of point cloakhta;

5) Calculate the exact time of the point cloud data through UTC time, microsecond time
stamp, luminescence time of edtar line and singledouble echo mode if necessary;

6) Reconfigure Ethernet, PPS synchronization horizontal Angle, speed and othe
information as required, and package and configure packet protocol.

5. CommunicatiorProtocol

The LIDAR data output and configuration use the 100M Ethernet UDP / IP
communication protocol. There are 3 UDP packet protocols with a packet length of 1248
bytes (42 bytes Ethernet header and 1206 bytes payload). The LIiDAR supports unicast,
broadcast, and multicast communications.

1" MSOP(Main data Stream Output ProtoColDutput data include : measured
distance, angle, intensity and other informdtion

2~ DIFOP(Device Information Output Protocol) Output data includeliDAR
configuration information

3" UCWP(User Configuration Write Ptocol)  Setting LIDAR Config parameter

Table5.1 UDPpacket

(Protocol/packet) . ) Packet | Transmission
Abbreviation Function .
Name Size Interval
Main data Stream Output measurement
MSOP ) 1.2ms/0.6ms
Output Protocol data and timestamp
Output parameter

Device Informaibn

DIFOP configuration and 0.33s
Output Protocol i ) 1248bytes
status information
) ) Inputting user
User Configuration i i
UCWP configured device INF

Write Protocol

parameters

5.1 MOSP Protocol

Measurement data such as Angle value, distance value,tbtrerige and time stamp
of packet output point cloud@ihe data of packet adopts small terminal modee packet

www.| slidar.com Email: sales@lIslidar .com Phone: 86-755-23242821 LS LIDAR
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consists of a 4byte Ethernet header and a 1Zzf®e payload, with a length of 1254
bytes.The payload consists of 1200 byte point cloud dataneh®ata (12 100yte data
block blocks) and 12 bytes of additional information (6 bytes of UTC time, 4 bytes of
Timestamp, and 2 bytes of Factory).

5.1.1MOSPFormat

The 16chanelLiDAR data supports primary and secondary echdés. recent echo
value ofsingle echo measurement, the recent echo value of double echo measurement and
the subnear echo value (time axid)hen using the primary echo mogdall primaryecho
data is transmitted in all 12 data blocks; two emissions from 16 lasers are incluatex in
data block Sequence information. Each packet contains data for 24 transmiinsegque
Each data block returns only one azimuth. See the picture below:

12448 H}' LS

rqz Bytes 12#(2 bytes flag+2 bytes ezimuth+32#(2 bytes distance + 1 bytes reflectivity})=1200 Brtes 4-9=f Bytes \]
A, M A
r’ My ™
Header
e | [

Azimath N Azimuth K+2 Arimath B4 Azimuth K20 Azimuth N+22
Channel 0 otn Channcl 0 Dote sl 0 Date Chunnel 0 Duta Cluunel © Dute
Channel | Tnin “honnel 1 Dava Cesmg] 1 Date Chunnel 1 Data Cluninel | Dl

| Chennels | Chanie 1a I Channs 15 ] Chunne 1n | Channs 1=

* 2-13 Tnsn + 2-13 Data + 2-1% Dutn + 2-1% Tt + 2-13 Duin
e e Chunnel 14 Dutu Channel 14 Tnie Cnannel 11 Data Channel 14 Data Channel 14 Data
Channel 16 Dute Channel 15 Iata G 15 Ttn | 0 T T ™ el 15 Dinea Chunnel 15 Tt

e e |
hannel 0 ﬂul.u-/’r'::l --------- 10 T"_,_'L-"’"'«'"ﬂ‘l‘-'l @ Data "__,_...-—f"" Chunnel 5 |!,,m..-1 & Data
'.Ilumwlll/ﬁ‘ﬁ: Mnu u = 1 Dt Chunmwl 1 Taes Channel | Dutn
.-H_,_..--r ___,_._-'—'5"-'- \
M il :-—-l’-m—r.’ | ‘hannels | Channels | ‘hannels
- g 1] 2-13 Tmm 2-13 Data 213 Isen 213 [ata
+ + + * e 2L
gt R
Iy 5 2 1 M Chonnel 14 [ots Chonncl 14 Duta Coeew] 14 Data Chunnel 14 Tues Channel 14 Dutn
it 75 1 dn

M Chunnel 16 Tutn Ghannel 16 Dota Cassel 15 Dats Chunel 15 Duta Ol 16 Duta

Figure5.1 SingleEchoPacketDataStructureForm
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When dual echo mode is used,iage point laser emission measures the echo data
twice. The packet contains 6 odd and even data block pairs, and each 2 data blocks
contains 2 groups of 16 channel echo values measured in packagindtoadd(l,2) data
Block refers to the two echo datéthe first 2 groups of 16 point cloud data, the odd Block
refers to the first echo data, and the even Block refers to the second ecliglodt&té3,4)
data block is the two echo data of the next 2 groups of 16 point cloud Aath.so on.

Each parityblock pair returns only one azimutBee the following figure:

1248 Hytes
r4‘g Bytas 12 {2 hytes flagt2 byles azimuth+32#(2 bylos |:|| tance + 1 bytes reflectivity) }=1200 Bytes g440- DYtES
('_A_‘\ s
Header
Aximuth ¥ Azisuth ¥ Azimuskh R=]0 Arimath Krld
mnne] 0 Db | -Channcl @ Dots Chinsse] O Diti Chosesl O Dain Cweewl 0 Duin
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/ + 2-13 Dmim + 2-1¥ Data * 213 Mutn * 2-13 Data * 2-13 Duta \
Wl | Channel 14 Date Channe 1 14 Timts Chemeel 14 Duta Chamel 14 [ata Crammel 14 Date [T drd 1]
e - WA TR
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Figure5.2 Second Echo Packet Data Structure Form

5.1.2 Ethernet Header

The Ethernet Header have 42byte:

Ethernet Header: 42Bytes

NAMED Number Information Offset ’Length

I Byte€
Ethernet II 0 Destination 0 6
MAC 1 Source 6 6

Ethernet
Packet type 2 Type 12 2
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Version, Header Length, Differentiated
Services, Field, Total Length, Identification
Internet 3 Flags, Fragment Offset, Time to Live, 14 20
Protocol Protocol, HeadeChecksum, Source IP
Address, Destination IP Address

UDP Protocol 4 LIiDAR Port(0x0941 represen2369) 34 2
port 5 Computer Port(0x0940epresen368) 36 2
UDP Protocol 6 Length(Ox04BErepresent:1214 bytes) 38 2
Length and
check 7 Sum Check 40 2

5.1.3Data Block

The measurement data is 1200 bytes in total. It corsigt® data blocks (each block
is 100 bytesh

A data block include
2 byte Oxffee :Fixed flag value
2 byte Azimuth :relative horizontal angle information

Point cloud data of 2 groups of 16 channels (3 bytes per channel). Each group of
16-channel channeldata (UDP packet encapsulation order) corresponds to the
measurement data of a LIDAR-tBannel laser at different launch timegttentiori

Attention: The channel data is packaged in an increasing order, which may not be
consistent with the vertical angthstribution order of the channel and the laser emission
measurement time order of the channel, but has a fixedoemee correspondence (see
Chapter 7 Vertical angles and Chapter 8 Channel Luminescence time).

5.1.3.1 Azimutu
Azimuth represents the anglalue when the first laser ranging of two groups of 16
laser shots is measured, that is, the angle of the first channel O of the data block, the unit is

0.02°. The resolution of the horizontal angle value corresponds to the motor speed (5Hz,
10Hz, 20Hz) (009 70.1870.36).

5.1.3.2Channel Data

Channel data is an unsigned integer, the upper 2 bytes are the distance, and the lower
1 byte is the intensity, as shown in the following table.
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Table5.2 Channel data

Channel N data 3Bytes

Byte3 Byte2 Bytel

Distance Distance Intensity

The unit of distance is 0.25cm. The echo intensity indicates the energy reflection
characteristics of the measured object, and the intensity value represents the intensity of
0-255 different reflective objects, etc.

5.1.4 Additional Information

The additional information is 6 bytes in length, including thbye microsecond
timestamp and the 2ytes Factory.

Table5.3 Additional Information

Additional Informatioe 6Bytes
Length .
Name . Function
I Byte€
Timestamp 4 Timestamp Unit: us
Echo 1 0x37 Represents the strongest eclax38 Represents
o information the last echio 0x39 Represents the return echo
actor -
y Vendor 1 0x10represenC16LIDARI 0x20represenC32
information LiDAR

When the NTP service synchronous timing is enabled, the timestamp is synchronized
with the NTP server time, and the range of the timestam®&0099 (us)

If the NTP service synchronization time is invalid:

1) When GPS input PPS, a timestammmgénerated for the periodic timing according
to the PPS time, and the time stamp ranges from 0 to 999999 (us);

2) When there is an external synchronization input PPS, a time stamp is generated for
the periodic timing according to the external synchroieaPPS time, and the time stamp
ranges from 999999 (us);

3) When there is no synchronous input PPS, the internal LIDAR generates a time
stamp with a period of 1 hour. The time stamp ranges fr@59® 999 999 (us).

5.2 Device Packet Protocol

The devicepackage outputs reamhly parameters and status information such as
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version number, Ethernet configuration, motor speed and running status, and fault

diagnosis. The data of the device package usesra@n mode.

The device packet includes -4¥te Etherneheader and a 12a&/te payload with a
length of 1248 bytes. The payload consists of-d&nyt® frame header, 1198/te data Data
and a 2byte frametail.

Table5.4 Data format of the device package

Ethernet header. 42Bytes

NAMED Number Information Offset | Length Byte€
Ethernet Il 0 Destination 0 6
MAC 1 Source 6 6
Ethernet 5 Type 12 2
Packet type
Version, Header Length, Differentiated
Services, Field, Total Length, Identification
Internet Flags, Fragment Offset, Time to Live, Prothc] 14 20
Protocol 3 Header, Checksum, Source IP Address,
Destination IP Address
UDP Protocol 4 LIDAR Port(0x0941 represent2369) 34 2
port 5 Computer Port(0x0940gpresen368) 36 2
UDP Protocol 6 Length(Ox04BE, Represent:1214 bytes) 38 2
Lezg;::nd 7 Sum Check 40 2
1206Bytes
NAMED Number Information Offset | Lengthi Byte€
Header 0 Device packet identification header 0 8
1 Motor speed 8 2
2 Ethernet configuration 10 22
3 Misalignment angle 32 2
4 Reserve 34 2
5 UTC time 36 6
6 Reserve 42 2
7 PPS alignment angle value 44 2
8 LiDAR rotation / statimary 46 2
Data 9 Reserve 48 2
10 Device flow packet interval 50 2
11 Reserve 52 160
12 Latitude and longitude 212 22
13 Reserve 234 424
14 Gateway address 658 4
15 Subnet mask 662 4
16 Reserve 666 532
17 Version number (dd / mm / yy) 1198 4
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18 VERSION_SUBVERSION 1202 2
Tail 19 End of frame 1204 2

Header is a device packet identification header, which is fixed to OxA5,0xFF,
0x00,0x5A, 0x11,0x11,0x55,0x55, where the first 4 bytes can be used as the packet
inspection sequence. The tail of fh@me is fixed to OxOF, OxFO.

5.3 Configuration Packet Protocol

The configuration packet protocol configures the LIDAR's Ethernet, PPS alignment
angle, motor and other parameters. The data of the configuration packet adeptdidig
mode.

The configurathn packet includes a 42/te Ethernet header and a 126}e payload
with a length of 1248 bytes. The payload consists of-byt& header, 123Byte Data, and
a 2byte Talil.

Note: It is recommended that users configure the LIDAR through the Win poirt clou
software. It is forbidden for customers to package and configure the LIDAR parameters by
themselves. Except for the Ethernet configuration, gateway, and subnet mask that require
the LIDAR to restart to take effect, other configurations take effect inatedli

Table5.5 ConfigurePacketDataFormat

Ethernet header:42Bytes

NAMED Mumber Information Offset | Lengthl" Byte€
Ethernet Il 0 Destination 0 6
MAC 1 Source 6 6
Ethernet
2 Type 12 2
Packet type
Version, Header Length, Differentiated
Services, Field, Total Length, Identificatio
Internet Flags, Fragment Offset, Time to Live, 14 20
Protocol 3 Protocol, Heade Checksum, Source IP
Address, Destination IP Address
UDP Protocol 4 LIiDAR Port(0x0941 represen?369) 34 2
port 5 Computer Port(0x0940epresen2368) 36 2
UDP Protocol 6 Length(Ox04BE, Represent:1214 bytes] 38 2
Length and
g 7 Sum Chek 40 2
check
Payload:1206Bytes
Named Number information Offset | Lengthl" byte€
Header 0 Configure packet identification header 0 8
Data 1 Motor speed 8 2
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2 Ethernet configuration 10 22
3 Reserve 16 12
4 PPS alignment angle value 44 2
6 LiDAR rotation / stationary 46 2
7 Reserve 48 2
8 Device flow packet interval 50 2
9 Reserve 52 640
10 Gateway address 692 4
11 Subnet mask 696 4
12 Reserve 700 504
Tail 13 End of frame 1204 2

Header is the configuration packet identification header, fixed to OxAA, 0x00, OxFF,
0x11,0x22, 0x22, OxAA, OxAA, where the firstbytes are used as the packet inspection
sequence. The tail of the frame is fixed to OxOF, OxFO.

5.4 Configuration Parameters and Status Description

5.4.1 Motor speed

Motor speed” 2Bytes€

Number

Bytel | Byte2

Function

Speed:5Hz/10Hz/20Hz

Configure the motor speed, the motor rotates clockwise, you can set three kinds of
speed: when set to 0x04BO0, the speed is 1200rpm; when set to 0x04B0, 0x0258, the speed
is 600rpm; when set to 0%@C, the speed is 300rpm. No other setting data is supported.

5.4.2Ethernet Configuration

Table5.6 EthernetConfiguration

Ethernet configurationl” 22Byte€€
Number | Bytel | Byte2 | Byte3 | Byte4 | ByteS | Byte6 | Byte7 | Bytes
Function IP_SRC IP_DEST
Number | Byte9 | BytelO | Bytell | Bytel2 | Byte13 | Bytel4 | Bytel5 | Bytel6
Function MAC_ADDR Data portl
Number | Bytel7 | Bytel8 | Byte19 | Byte20 | Byte21 | Byte22
Function Device Port2 NTP Service Address

LIDAR IP address IP_SRC, lengthBytes; Computer IP address IP_DEST, length 4
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Bytes;each LIDAR has a fixed MAC address MAC_ADDR, which cannot be configured
by the user; portl is the UDP data port number, port2 is the UDP device port number; NTP
server address, length 4Byte The internal time of the LIDAR can be synchronized from the
serve address through the NTP protocol.

5.4.3 PPSAlign horizontal angle

The PPS signal input from an external device controls the LIDAR to scan to a specific
horizontal angle.The configuration package sets the pps alignment angle, the unit.is 0.01
For exampe, the alignment angle is 9Qthe setting value is 9000, and the conversion into
hexadecimal is 0x2328, corresponding to byte2 = 23h, bytel = 28h.

PPS Angle valu§ 2Byte€€
Number Bytel Byte2

Function Configuration PPS alignment angle

The device package outputs the PPS synchronization time, and the unit of the
alignment angle error is 0.01valid is 0, which means that the second pulse signal is valid;
angle_erq14: 0] is the alignment angle error value, a signed integer ranging-r8d®0
to 18000, that is, betweeh80° and 180.

Attention: The default value of this parameter is 0, which is defined as not turning on
PPS Angle alignment by default. If the cliereeds PPS second pulse to temporarily align
0 degree, this parameter can be set to a small amount greater than 0, such as 0.01 or 1.

Align horizontal angle errorl* 2Bytes€

Number Bytel Byte2
Function valid angle_err[14:0]
54.4 UTCTime

When NTP server timing is enabled, UTC time is synchronized with NTP server time;
When NTP is turned off, the LIDAR receives GPS signals, parses $ GPRMC, and UTC
time synchronize GPSWhen there is no NTP and GPS time, UTC time is all 0.

The device packet output UTC tirrerroris 1s, GPS time data format

UTC TIME I 6Bytes€
Number Bytel | Byte2 | Byte3 | Byte4 | Bytes | Byte6
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Year Month Day Hour Min Sec
Function| 0~255 correspondo
2000~2255

1~12 month| 1~31 day| 0~23 hour | 0~59 min | 0~59 sec

545 LiDARRotation / Sationary

LiDAR rotation / stationafy 2Bytes

Number Bytel Byte2
Function OE rotationK 1E stationary

0x0000 LiDAR rotation, 0x0001 LIDAR stationary, LIDAR default is rotatgman

5.4.6 DIFOPPacketInterval

DIFOP Packet Intervall” 2Bye€
Bytel Byte2

Number

0:Same as packet interval; other valumse packet per

Function
seconeK

Configuration 0x0000 means that the device packet interval is the same as the data packet,
and theother parameters mean 1 packet per second. The default value is 0x0001.

5.4.7 Latitude and longitude

The bety Latitude and longitudd” 22ByteRead onlyE
Number | Bytel | Byte2 | Byte3 | Byte4 | ByteS | Byte6 | Byte7 | Bytes
Function| Reserve Latitude
Number | Byte9 |Bytel0| Bytell | Bytel2 | Byte13 | Bytel4| Bytel5 | Bytel6
Function Longitude
Number | Bytel7 | Bytel8| Bytel9 | Byte20 | Byte2l | Byte22
Function N/S W/E

Latitude and longitude, output in ASCII code

5.4.8 Network Address

Network Addresd” 4Bytes€
Number| Bytel | Byte2 | Byte3 | Bytes4
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Function Network Address

5.4.9 SubnetMask

Subnet masif 4Byte€
Number Bytel | Byte2 Byte3 ‘ Byte4
Function Subnet mask

5.5 Configuration Package Example

The client resets the speed, IP address, device port number, NTP server address, PPS
alignment angd value, LIDAR rotation / static, etc. According to the definition of the
configurationpackage, the payload of 1206 bytes is set as follows:

Info Content Config Lengthl” byte€
0xAA,0x00,0xFF,0x11,
Header 8
0x22,0x22,0xAA,0xAA
Speed 1200rpm 0x04,0xB0 2
LiDAR IP
, 192.168.1.105 0xCO0,0xA8,0x01,0x69 4
I IP_SR&E
Computer IP
, 192.168.1.225 0xCO0,0xA8,0x01,0xE1 4
" IP_DESTE
Device
3 XXXX (Read only OXXXXX 6
I MAC_ADDRE
Datd” portl€ XXXX OXXXXX 2
Devicd™ port2e 8899 0x22,0xC3 2
NTP SER Address 192.168.1.106 0xCO0,0xA8,x01,0x6A
reserved XXXX OXXXXX 12
PPS alignment 1.28° 0x00,0x80 2
LiDAR rotation / |
. rotation 0x00,0x00 2
static
reserved XXXX OXXXXX 2
Device Packet
3 Packet 0x00,0x00 2
Interval
reserved XXXX OXXXXX 640
Network 192.168.1.1 0xCO0,0xA8,0x01,0x01 4
Sibnet mask 255.255.255.0 OxFF,0xFF,0xFF,0x00 4
reserved XXXX OXXXXX 504
Tall Fixed value OxOF,0xFO 2

Configuration package encapsulation must be completely written into the entire
package of data

www.| slidar.com Email: sales@lIslidar .com Phone: 86-755-23242821 LS LIDAR
26



=£§ LSLIDAR =

6. Time Synchronization

There are 3 ways to synchronizédlAR with external devices: GPS synchronization,
NTP synchronization, and external PPS synchronization. If there is no external
synchronization input, timing information is generated inside the LIDAR. The absolute
precise time of the point cloud data igabed by adding a-Byte time stamp (accurate to
microseconds) of the data packet and-by® UTC time (accurate to seconds) of the
device packet.

6.1 GPSynchronization

GPS synchronization: The LIDAR receiving the PPS second pulse, the LIDAR uses
microsecond us as the unit, and the time value is output as the time stamp of the data
packet. The LIDAR extracts UTC information from GPS's $ GPRMC information as the
UTC time output of the device package, with accuracy to seconds

6.1.1 GPS

GPS timing synchnoization, marking and calculating the precise emission
measurement time of each pointcloud. LIDAR accurate point cloud data time can be
matched with GPS / inertial measurement system's pitch, roll, yaw, latitude, longitude, and
altitude.

The serial configtation baud rate of the LIDAR receiving GPS data output by default
is 9600, 8N1. PPS high pulse width requirements are greater than 40ns.

The standard format of GPRMC information is as follows:

$GPRMC, <1>, <2>, <3>, <4>, <5>, <6>, <7>, <8>, <9>, <10>,>1412>*hh,

among them
The Define name Description/Format
serial
number
1 UTC time hhmmss hours/minutes/seconds
2 Positioning state | A=Effective positioning V=invalid positioning
3 Latitude ddmm.mmmm £ /'™~
4 Latitude hemispherg N the Northern Hemisphéfre S the Sauthern
Hemisphere
5 Longitude dddmm.mmmm £ /'~
6 Longitude E east longitude W west longitudé
hemisphere
7 Ground speed 000.0~999.9
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8 Course of the groung 000.0~359.8 , Take due north as reference

9 UTC date ddmmyy day/month/yedr

10 Magnetic detination | 000.0~180.8

11 The direction of | E east W west

magnetic declination

12 Mode indication | Only ouputNMEAQ0183 3.00version
A=autonomic positioning D = differencé E =
estimaté N = The data is invalid

The 16line Lldar is compatible with GPS inflace of multiple data formats, and the
GPRMC data format meets the following two requirements: the minute and second
information of data after the first comma separator.

The data after the ninth comma separator is date information.
1" $GPRMC,072242,A,3023680,N,11423.6975,E,000.0,316.7,160617,004.1,W*67
2" $GPRMC,065829.00,A,3121.86377,N,12114.68162,E,0.027,,160617,,,A*74

6.2 NTP

NTP synchronization: The LIDAR periodically obtains the NTP server time ,The time
is used as the timestamp of the data packad, the extracted UTC time is output as the
UTC (GMT) time of the device envelope. The LIDAR sends a time request to the NTP
server every 4 seconds. After receiving the request, the server sends time information to the
LiDAR according to the NTP protocol.

6.3 External synchronization

External synchronization: The LIDAR obtain PPS signal input by the external device,
the LIDAR uses microsecond us as the time unit, and time is output as the time stamp of
the data packet. At this time, there is no UTC timference. If UTC time is required, it
must be written through the configuration package; otherwise, the UTC time output
information of the device package is invalid.

The PPS level of the external synchronization signal is 3.3 ~ 5V, which is triggered by
the rising edge of the LIDAR. The PPS high pulse width is required to be greater than
40ns.

6.4 Internal synchronization

In the absence of GPS and other equipment synchronization, the lidar takes 1 hour
(360*106 US) as the cycle, takes microsecond US asuriteof timing, and counts the
time value as the timestamp output of the packeere is no UTC time baseline. If UTC
time is required, it must be written through the configuration package, or the UTC time
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output information for the device package is idia

7. LIDAR data calculationsf Anglesand Coordinates

7.1 Vertical Angle

The 16line miniaturized lidar has two different vertical angle distributions, and the
data of each channel corresponds to the fixed vertical angle, see the table below:

Table7.116 lines uniform 2 verticalangle distribution

UDP Package Chanel Vertical Angle
Chanel 0 Data -15°
Chanel 1 Data 1°
Chanel 2 Data -13°
Chanel 3 Data 3°
Chanel 4 Data -11°
Chanel 5 Data 5°
Chanel 6 Data -9°
Chanel 7 Data 7°
Chanel 8 Data -7°
Chanel 9 Data 9°
Chanel 10 Data -5°
Chanel 11 Data 11°
Chanel 12 Data -3°
Chanel 13 Data 13°
Chanel 14 Data -1°
Chanel 15 Data 15°

Table7.2 16 lines uniforml.33% verticalangle distribution

UDP Package Chanel Vertical Angle
Chanel 0 Data -10°
Chanel 1 Data 0.665°
Chanel 2 Data -8.665°
Chanel 3 Data 2°
Chanel 4 Data -7.33°
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Chanel 5 Data 3.33°
Chanel 6 Data -6°
Chanel 7 Data 4.665°
Chanel 8 Data -4.665°
Chanel 9 Data 6°
Chanel 10 Data -3.33°
Chanel 11 Data 7.33°
Chanel 12 Data -2°
Chanel 13 Data 8.665°
Chanel 14 Data -0.665°
Chanel 15 Data 10°

By querying the table above, you can get the vertical angle of tbearthel data

Note: The vertical angle corresponding to the increment of channel number does not
increase fran bottom to top, because the channel packaging order of packet is consistent
with the luminous time order of each channel, while the luminous time is not from bottom
to top. For details, see the description oflihé luminous time.

7.2 Horizontal angle

The horizontal Angle value of each channel of the packet needs to be calculated
according to the lighting time of the 16 channels.

7.2.1 Calculation of horizontal Angle of single echo mode

In the singleecho packet, each data block has only one horizontgleAralue, which
represents the horizontal Angle value corresponding to the first transmitting measurement
channel 0 of this data block, and the corresponding angles of the other 2 groups of 16
channels need to be interpolatéd. the lidar rotates at a sstant speed, each channel of
the data block has the same luminous time interval. Therefore, interpolation is carried out
for two adjacent angles (Azimuth N and Azimuth (N+2). Then, according to the luminous
time of each channel, the horizontal Angle cepanding to the remaining 31 laser
luminous times of the data block can be calculafidte data block structure of de
singleecho packet is as follows:
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A ag xFFEE A ag xFFEE A ag xFFEE A ag xFFEE A ag xFFEE
Hori zont al Hori zont al Hor i zont al Hor i zont al Hor i zont al
Angle ND Angle N2 Agle N4 Angl e N20 Angl e N22
Channel O Data Channel 0 Data Channel O Data Channel O Data Channel O Data
Channel 1 Data Channel 1 Data Channel 1 Data Channel 1 Data Channel 1 Data
i Channel s i Channel s i Channel s i Channel s i Channel s
! 2-13 Data ! 2-13 Data 1 2-13 Data ! 2-13 Data 1 2-13 Data
Channel 14 Data Channel 14 Data Channel 14 Data Channel 14 Data Channel 14 Data
B [
Channel 15 Data Channel 15 Data Channel 15 Data Channel 15 Data Channel 15 Data
O D G D
Channel O Data Channel 0 Data Channel O Data Channel 0 Data Channel O Data
Channel 1 Data Channel 1 Data Channel 1 Data Channel 1 Data Channel 1 Data
3 Channel s 3 Channel s 3 Channel s 3 Channel s 3 Channel s
! 2-13 Data ! 2-13 Data | 2-13 Data ! 2-13 Data ! 2-13 Data
Channel 14 Data Channel 14 Data Channel 14 Data Channel 14 Data Channel 14 Data
Channel 15 Data Channel 15 Data Channel 15 Data Channel 15 Data Channel 15 Data

Figure 7.1 Single echo data structure

7.2.2Calculation of horizontalAngle of double echo mode

Double echo packet, one single point laser emission measurement twice echo data.
Each pair of odéeven data blocks contains two measurements of 16 channels of 2 sets of
transmitting time series, and each pair of -eddn data bldes returns only one
azimuth.The Angle values provided by the Nth odd block and even block are the horizontal
Angle values corresponding to channel 0 of the last emission measurement, and the Angle
values corresponding to the other 31 channels need totddiated. The data block
structure of the 14ine doubleecho packet is as follows:
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H ag xAEE Hag xAEE H ag xAFEE
Hori zontal Angl e Hori zont al Hori zont al
el ARclLGhh Angle N2

Channel O Data

Channel O Data

Channel 1 Data

Channel 1 Data

Channel s
2-13 Data

v

Channel s
2-13 Data

v

Channel 14 Data

Channel 14 Data

Channel 15 Data

Channel O Data

Channel 15 Data

Channel O Data

Channel 1 Data

Channel 1 Data

Channel s
2-13 Data

v

Channel s
2-13 Data

v

Channel 14 Data

Channel 14 Data

Channel 15 Data

Channel 15 Data

Channel O Data

Channel 1 Data

Channel s
2-13 Data

v

Channel 14 Data

Channel 15 Data

Channel O Data

Channel 1 Data

Channel s
2-13 Data

v

Channel 14 Data

Channel 15 Data

H ag xAEE Hag xAEE
Hori zont al Hori zont al
Angl e NLO Angl e NLO

Channel O Data

Channel 0 Data

Channel 1 Data

Channel 1 Data

A
v

Channel 14 Data

Channel 14 Data

Channel 15 Data

Channel O Data

Channel 15 Data

Channel O Data

Channel 1 Data

Channel 1 Data

Channel s
2-13 Data

v

Channel s
2-13 Data

v

Channel 14 Data

Channel 14 Data

Channel 15 Data

Channel 15 Data

Figure 7.2 Dual echo data block structure

7.3 Calculation of distance

Distance calculation of channel data: Get thbye channel distance gdacket
smallend mode, assuming as (0x72,0x06), hexadecimal number denoted as 0x0672,
convert to decimal number as 1650, unit 0.25cm, namely 1650x0.25cm = 412.cm.

7.4 Cartesian coordinates

Obtain the vertical angle, horizontal angle, and distance panenudtine LIDAR, and
convert the angle and distance information in polar coordinates to the X, y, and z
coordinates in the rigitand Cartesian coordinate system. The conversion relationship is

shown in the following formula:
® TAITAIT-9
o 1AT®ER
a 10T
The r is the distance, a is the wvertical
horizontal correction angle needs to be considered in the calculation), and x, y, and z are
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the coordinates of the polar projection onto the x, y, and z axes.

Figure7.3 Coordinate

8. PointcloudDataTime Calculation

To accurately calculate the time of point cloud data, you need to obtain the data packet
timestamp and elvice package UTC time output by the LIDAR. The time stamp and UTC
time come from the same synchronization source, such as a GPS or NTP server.

The measurement time interval of a group of data in each data blockLIDAR is
50us. The data packet has data blocks, and one data block contains two groups of
16-channel data.

A data packet has (16 * 2) * 12 = 384 channels of data in total, and the packet packing
time is about (50us * 2) * 12 = 1.2ms. The data rate is 1s / 1.2ms = 833.3 data packets /
second Doubleecho mode data rate doubles.

8.1 Packet end time calculation

The timestamp in the data packet is a relative time of microseconds, which is defined
as the packaging time (data packet end time) of the last channel of laser measurement data
in the daa packet, which is less than 1 second, So to calculate the absolute time of the end
of the data packet, you need to first Get theyte microsecond timestamp in the data
packet, and then get the UTC time (greater than 1 second) from the device padksd. Ad
the two is the exact time at which the data packet.ends

EXACT TIME = DIFOP TIEM + MOSP TIMESTAMP
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8.2 ChannelData Time Calculation

Obtain the exact time of the end of the data packet. Each UDP contains 12 data blocks
And each data block contains fogps of 16 channels of light emitting time and the light
emitting time interval of each channel. The precise measurement time ofreaxtecdata
can be calculated.

8.2.1Data block time

Each data block of C16 LIDAR contains 2 groups of 16 channel mezasut data
The end time interval of each group of channels in each data block is 50us, each data block
(single echo mode) or each parity block pair ( Double echo mode) The end time interval is
2 * 50us = 100us. Assuming that the absolute time of the ofnithe data packet is
TPacket_end, the steps to calculate the end time of the data block TBlock_end (N) are as
follows:

1" SingleEchoMode

The data packet contains 12 data blocks, each data block includes two sets of single
measurement data of 16 lasermmals. The end time of each data block is the end time of
all 2 groups of 16 channels. Calculate the end time of each data block as follows
TBlock_end(N) = (TPacket_end100*(12N))us N=1,2 ..,12

Tsiock endN) represents the end time of the N th datak
2" Dual EchoMode
Triock_end2N) = Taiock_end2N-1) = (Tpacket_end— 100*(6-N))us, " N=12 ...6

I T Taiock end{M) represents the end time of the N th data hIdGK2N or(2N-1)

8.2.2Pointcloud Data Time Calculation

The C16 LIDAR 2°/ 1.33 type fixed the time interval of each channel as: T = 50us /
16 = 3.125us. There is a fixed correspondence between the lighting time and the UDP
packet encapsulation order. Assuming that the lighting time of Channel 0 is TO, the
corresponding lighting time of 16 amaels is shown in the table below

Table8.1 C16LIDAR ChannelGlowing Time

UDP (Channel) Vertical GJowing moment
Angle " T=3.125u€
Channel 0 Data -15° To
Channel 1 Data 1° Tot+(1*T)
Channel 2 Data -13° Tot(2*T)
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Channel 3 Data 3° To+(3*T)
Channel 4 Data -11° Tot+(4*T)
Channel 5 Data 5° To+(5*T)
Channel 6 Data -9° Tot+(6*T)
Channel 7 Data 7° To+(7*T)
Channel ®ata -7° To+(8*T)
Channel 9 Data 9° To+(9*T)
Channel 10 Data -5° To+(10*T)
Channel 11 Data 11° To+(11*T)
Channel 12 Data -3° Tot+(12*T)
Channel 13 Data 13° To+(13*T)
Channel 14 Data -1° To+(14*T)
Channel 15 Data 15° To+(15*T)

After the end time oéach data block is obtained, the precise measurement time of the
point cloud data of each channel in the data block can be calculated according to the
correspondence between the channel data packing order and the light emission time in the
table above

9. Appendix € ROSDRIVER PACKAGE,

The github address of the ROS driver package:
https://github.com/LSTechnicalSupporter/LSLIDAR-C16ROS

The github address of the ROS2 driver package
https://github.com/LSTechnicalSupporter/LS IDAR-C16ROS2

9.1 Hardware Connection andTesting

ConnectLiDAR network interface and power cofkt the computer IP based on the
taget IP onLIDAR (use the ifconfig command to see if the computer IP has been set
successfully, as shown in the target IP 192.168.1.102)
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ls-yy@lsyy-All-Series: ~

ls-yy@lsyy-All-Series:~§ ifconfig
enp3s0 Link encap:Ethernet HWaddr 88:d7:f6:42:4c:a2
inet addr:192.168.2.246 Bcast:192.168.2.255 Mask:255.255.255.
inet6 addr: fe80@::23ad:acel:64b1:556/64 Scope:Link
UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1
RX packets:314111 errors:0 dropped:® overruns:® frame:®
TX packets:15789 errors:® dropped:® overruns:® carrier:®
collisions:0® txgqueuelen:10600
RX bytes:288338215 (288.3 MB) TX bytes:3804901 (3.8 MB)

Link encap:Local Loopback

inet addr:127.0.08.1 Mask:255.0.0.0

inet6é addr: ::1/128 Scope:Host

UP LOOPBACK RUNNING MTU:65536 Metric:1

RX packets:16930 errors:0 dropped:® overruns:0 frame:0
TX packets:16930 errors:® dropped:® overruns:® carrier:0
collisions:® txgqueuelen:1060

RX bytes:1397841 (1.3 MB) TX bytes:1397841 (1.3 MB)

1s-yy@lsyy-All-Series:~5 |

Note: LIDAR factory set IP:192.168.1.102 as original, please confijuiPAR 1P
according to the actual IP on thengouter.

After the LIDAR is powered on, observe whether the computer's wired connection
icon is connected properly or not.

Open terminal: ping LIDAR IP, test whether the hardware connection is normal. if the
ping dose not show well, check the hardware eation

You can further use: sudo tcpdump ethO, (where ethO is the name of the wired
network device.Please refer to the name of the display device which is connected by
ifconfig wired ) to check the LIDAR data packets (as shown in the diagram shtvang
LIDAR sending 1206 bytes to the destination packet which means the LIDAR data is
transmitted successfully)

leishen@robot:~$ sudo tcpdump -n -i ethe
tcpdump: verbose output suppressed, use -v or -vv for full protocol decode
listening on eth®, link-type EN1@MB (Ethernet), capture size 262144 bytes
19:49:08.973111 IP 192.168.1.200.2368 > 192.168.1.102.2368: UDP, length 1206
19:49:08.973717 IP 192.168.1.200.2368 192.168.1.102.2368: UDP, length 1206
19:49:08.974308 IP 192.168.1.200.2368 192.168.1.102.2368: UDP, length 1206
1419:49:08.974913 IP 192.168.1.200.2368 192.168.1.102.2368: UDP, length 1206
) 19:49:08.975517 IP 192.168.1.200.2368 192.168.1.102.2368: UDP, length 1206
19:49:08.976107 IP 192.168.1.200.2368 192.168.1.102.2368: UDP, length 1206
19:4?:??.976714 IP 192.168.1.200.2368 192.168.1.102.2368: UDP, length 1206

>
>
>
>
>
>

Note: after setting ufP for the first time, please restart thibAR.
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9.2 Software Operation Example

1)Create a workspace and build a compdition environment
mkdir -p ~/leishen_ws/src

cd ~/leishen_ws

Download LIDAR drive and dependency packets

2)Compile Package
cd ~/leishen_ws
catkin_make
3)Running Program
source ~/leishen_ws /devel/setup.bash

roslaunch Is lidar_c16_decoder Isl idar cl6.launch -- screen

Note: if you have modified the LIDAR destination port and speed, please open the

IsLIDAR_cl6.launch to modify the configuration, the default port is 2368, the speed of
10hz is 2000 points.

lar_c16_driver_node-2]: started with pid [
16_decoder_n 1z i

Note: if the timeout indicates that tlokiver has no data, please check the hardware
connection. Open a terminal again and execute the following command:

rosrun rviz rviz
4) Display the data detected by LiDARIn the pop-up displays window

Pl ease change the valuk&”pfctFcketdhEBr amdd”
click “pointcloud?2” unlidespointcloyd. t opi c” to add
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10. Appendix € Windowssystemsoftware,

10.1 Introduction

This document is intended to guide users and developers how to use-lihe 16
LiDAR of LeiShen Intelligent System Co., Ltd. and the matchingdiri® LIDAR display
software.

10.2 Application Scope

The multiline LIDAR display software of LeiShen Intelligent is applicable for the
16-line LIDAR of LeiShen Intelligent and compatible with the related operations-tih&6
single and second echo LIDAR of Velodyne.

10.3 Software

10.3.1Installation Environment

This softvare is currently only applicable in the Windows x64 system operating
platform. The configuration requirements for the computer installing the software are: CPU:
Intel (R) Core(TM) i5 or above, GPU: NVDIA GeForce GTX750 or above (most
desirable), or it majy nf |l uence the software display ef
multi-lines software, it still needs to install WinPcap, from the tpadty library, which is
encl osed i n-linegsofsvaren’ s mul t i

(DInsert the CBROM for software installationncluded with the LIDAR into the

CD/DVD drive. Open the CEIROM and doublelick ﬂ;, to install the file and the
installation interface will pop up.

Setup - InstallShield Wizard

4 Preparing to Install...
- Setup Setup is preparing the InstallShield Wizard, which will
o it.

e is
guide you through the program setup process. Flease wait.

Extracting: Setup.msi

Cancel
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(2)Click next to enter the installation path selection interface.

8! Setup - InstallShield Wizard

| Destination Folder
Click Mext to install to this folder, or dick Change to install to a different

Install Setup to:
C:\Program Files (x85)\LeiShen-idariMy Product Mame},

InstallShield

[ <Back ][ Memt=

J [_concel ]

(3)After customizing the installationgph (do not use a path in Chinese), click next to
enter the installation interface and click the install button. Wait until the installation is

completed.

Setup - InstallShield

Ready to Install the Program
The wizard is ready to begin installation.

exit the wizard.

Current Settings:

If you want to review or change any of your installation settings, dick Back. Click Cancel to

Setup Type:
Typical
Destination Folder:
C:\Program Files (x86)\LeiShenidar\My Product Name\,

User Information:
MName: 1

Company: Microsoft

InstallShield

) Setup - InstallShield Wizard

Installing Setup
The program features you selected are being installed.

several minutes.

Status:
Copying new files
[ ]

Please wait while the InstallShield Wizard installs Setup. This may take

InstallShield

< Back Il Mext =

| [_concel |

10.4 Introduction and Use ofRelated Functions

Operation of multiine LIDAR display system of &iShen Intelligent
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Doubleclick the shortcut icon on the desktoHThe initial interface is shown

below:
[Lidar \/0ffline \/LSC16 \/Help \
- 7
L] HH —— Front ~ Data Port: 2368 Telemetry Port: 2369 Multicast IP: 224.1.1.1

Lidar Mea6rid Clear Coordinate

LidarData

LeiShen Intelligent.com

1) Introduction of Real-time LIDAR Data ReceiveButton

Setting dataport number (default 2368)elemetry pofidefault 23®)

* Data Poet: 2368 Telemetry Port: 2369 N

WhenLiDAR's power spply is connected to the network cable, click !to get
reattime receivingLiDAR d at a . Click on “Confir miethdsutt on
the software automatically detects the received data oftrad$o can check real time data
and display contion. | f c | i ¢ kno Li@ARNndate shbws. Select LSCgle
channelor LSC162(dual channeljlata to display directly
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w Sensor Configuration

Sensor Calibration

LSC16-1
LSC16-2

= s ci T T R -
[ Lidar \[ 0ffline \/ LSC16 \/Help
a -
= a _/) DualEcho ~ w\’ Intensity v
Parameter Distance Chanel SaveData Suspend Data

LidarData 8 x
PaintiD Points_m_XvZ Azimuth Distance_m e

10 00165 2.6949... 0.350 27900 7

21 0.0207 2.6949... 0.440 27900 76 |=

3 2 0.0249 2.6948... 0530 27900 7

4 3 00292 2.6948... 0.620 27300 81

5 4 0.8713 -4789... 169.690 5.0400 6

6 5 08621 -4781.. 160.780 5.0300 6

7 6 0.8630 -4.830... 160.870 5.0800 6

s 7 0.8420 -4755... 160.960 5.0000 6

9 0 00166 2.6695... 0.356 26700 66

10 1 00208 2.6695... 0.446 26700 64

11 2 00248 2.6495... 0536 26500 66

12 3 0.0291 26694... 0.626 26700 65

13 4 9.5283 0.8771... 84741 9.5700 L]

15 95197 0.8604... 84.836 9.5600 7

15 6 95211 0.8455... 84.926 9.5600 8

6 7 21597 -6.193... 160.776 6.5600 3

7 0 00173 27379... 0361 28100 7

18 1 00214 27184... 0451 27900 72

19 2 00257 27184... 0541 27900 73

20 3 00301 27281... 0631 2.8000 74

21 4 1.8377 -3.056.. 148,981 3.6600 6

2 5 18379 -3.067... 149.071 3.6700 7 -

LeiShen Intelligent.cor

2) Software Interface Related I ntroduction

The software interface includes menu area, toolbar area, 3D window area, data table
area, play frame information area, company website link and so on. The sections are shown
in the following figure
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Lidar \/ 0ffline \/ L5C16 \/ Help \

e [ 1] —
L HH | Front - E Port Humber: 2368 Telenotry Port: 2369 Multicast IP: 224.1.1.1
Lid MeaGrid  C1 ist
LidayData
Grid display

Eliminate the grid

Start monitoring data

Data area

The data sheet contains (PointID, Points_m_XYZ, adjustee, Azimuth, Distance,
Intensity, Laser_id, timestamp). In particular, PoDti$ the point number, Points_m_XYZ
is coordinate of the space x, y and z. Azimuth is the azimuth, Distance the distance,
Intensity the reflection intensity, Laser_id thiDAR channel, adjustetime the adjusted
time, and timestamp the time stamp

3)User Configuration Write

Click the icon to pop up theLiIDAR parameter setting form as shown below,
where it is possibl@set the relevaidAR.

5¢1

2 N .
[Lidar \/ 0£f1inc \/ L5C16 \/Help \
- a @) vuatecho  ~ (@) mmtensity ~
Parameter Chanel SaveData Suspend Data e IP==FE % )
LidarData I
PointlD Paints_m_XVZ Azirnuth Distance_m
10 0.0094 2.7046... 0.200 2.8000 Lider IF2 192.168. 1. 200
21 0.0137 2.7046... 0.290 2.8000 B e 100, | 100
3 2 0.0179 2.7045... 0.380 2.8000
4 3 00222 2.7045... 0470 2.8000 s Q1201022025053
s 4 0.8204 -4749... | 170.200 49900 e i o [
6 5 0.8244 -4817... 170.290 5.0600
7 6 0.8168 -4.818... 170.380 5.0600 ompatible Velodyme: HO
8 7 0.8092 -4820... 170470 5.0600
9 0 0.0095 265%6... 0.206 26600 e S
0 1 0.0138 2.6696... 0.296 2.6700 time: 2000/0/0 8:0:1:0:0
1 2 0.0180 2.6635... 0.386 26700
123 0.0221 2655.. 04T 26600
13 4 9.5381 0.8789... 84.736 9.5800
BES Disable:
14 s 9.5096 0.8612... 84.826 95500
15 6 21554 -6.194.. 160.816 65600 i ot oab
6 7 -44858 -598... 216856 7.4800 empitetEh
17 0 0.0100 2.7185.. 0211 27300
8 1 0.0143 2.7282... 0.301 2.8000
19 2 0.0187 27378... 0391 28100
0 3 0.0229 2.7281... 0481 2.8000
21 4 1.8478 -3.072... 148.981 3.6800
2 s 1.8480 -3.084... 149071 3.6300

LIDAR parameter setting is in the upper section of the form, where it is possible to set
such parameters dsDAR local IP, LIDAR destination IPLIDAR local port, LIDAR
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destination portLiDAR speed setting, get local time or not, and Mac address information.
Users <can also set “compatible with Velody
packetisnotsenvi t h t he main datiDARstraeam), (ame Tt ht
under the combobox option offers choice whether to send the cWwi@AR speed

information; if it is selected, distance will no longer be shown in the distance column and

is replaced bygpeed value). ThelDAR reattime status information is in the lower section.

The DIFOP status packet sent periodically according thifbAR shows its current status
information, including GPS location information, satellite time information, motor speed
currentLiDAR IP, and the currentiDAR port number.

Clicking the Status Information Refresh allows to get the previous configuration
information of theLIDAR (content of device information stream). After filling in the
setting information, click the Setgs button to send the UCWP packet to LBAR.

When theLIiDAR receives the UCWP packet, it is necessary to disconnect the power for
the settings to take effect.

4) LIDAR Menu

& usc6 vso Lin T R - -
Lidar \/ 0ffline \/ LSC16 \/ Help

@
L]

[ B From - = Port Hunber: 2368 Telenetry Port: 2369 Multicast IP: 224.1.1.1
Lidar MeaGrid Clear Coordinat LidarDa st
idarData

Grid display

Eliminate the grid

Start monitoring data

Data area

Leishen Intelligent.com

——— T T ¥

Offone menu
Click ' Button selectLiDAR type.
Click »-—-‘“iir button open offlinedata.

Click button, start saving offline data, valid wheiDAR receives data in real
time.
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[Lidar \/ Offline \/LSC16 \/Help \

] : |_ =
6;:. Rgd g Oy Play pregress bar
lear\ata \ \ g X

play button
Opeh data

Recorded data (Click the se
the recording ends and sa

Play pcap offline point cloud

Click ,_Hl button to pop up the dialog box:

OpenPicturefil

<<<<< jian... » MLRVSv1.0(ACWPAndLaserID bug) » > |+ EEFE MLRVSVL.OMACWPAnG... P
iRy FESEE
Subversion * =R
B wn bin
'_: B debug
= o) GeneratedFiles
o BF image
include
1 R ipch
& i () = lib
. $FADE (D) release
64
G e
ICHE(N): - |Supp0rted Files (*.pcap) "
[ 770 | [ =& |

Select the pcap file you want to play and click the Open button.

Click @ button,chose LSC16 data to connect display, Start play offline point cloud
pcap files and visualize point cloud data.

Introduction of play related buttons:

For the play/pause button, a pause is enabled by clic@ when it is playing
and playback resuméy clicking @ when it is paused.

Clicking the buttonu stores data and records pcap point cloud file. This function

can only be used when théDAR data is received in real time and in playback mode.
After clicking, the pcap file storage dialog will pagp and storage starts after the path is
selected, as shown below:
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" save PCaP -
O@WEE > ~ % |[ #==m o]
ER Y FEIis BEr @
o M= =3 Administrator I

o =l F= b, zavas
=== | HEH I
n e N ¥
E EEAEE - } S |
J =5 L
_ Previews data
=E T T
=i Subversion VLP-16.Data o
B T T
= EE a2 -
STHEN) -
R [WireSharkCaplureFile (*.pcap) ']
~ P gee | | ms |

Clicking o again stops storing.
Note: When an offline pcap file is playing, the button is gray and the function is
disabled.

(] 1083 |2

The progress bar in the toolbar shows the progress ofdlimg file, with the data in
the input box being the number of frames at which the file is playing.

5) Introduction of Point Cloud Display

In the point cloud data, there are 20 circles and 40 x40 grids in the display box. There
is a distance of 10m betere the radius of two neighboring circles and 10m between two
grids (horizontal or vertical). The radius of the outermost circle is 200m. Grids and
auxiliary circles make it easy for users to see the location of point cloud.

3D Display the orientation of éhinterface axes with XY on the axis of the point cloud
reference system xyz Axis in the same direction.

Point cloud display interface supports the following operations:

a) By moving the mouse wheel the display interface zooms in/out; holding down the
right mouse button to drag up/down can also do.

b) Dragging while holding down the right mouse button helps to adjust the
perspective of the display interface.

c) Dragging while holding down the mouse wheel helps to pan the display interface;
pressing the shift key othe keyboard while clicking the left mouse button can
also do.

LSC16 Menu
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[ Lidar \/ Offline \/ L5C16 \/ Help \

a P —
@ a . a Frames: 1 £ pualkcho  ~ @ Intensity v |Degree2
Savel -

Parameter = Channel  Suspend Data ita
l Pause display data
set button save current

channelselection

Click 7= button to control th&iDAR channels signals. click on the left check box
to close (open) a channel data, click on the upper left corner of the selection all / all can
open (close) all channel data. Click on the lower left corner of the applicable dialog box,
you can record the current stateldDAR harness selection for the next application. The
vertical angle in the form table indicates the perpendicular angle ofairesponding
channel data, and the channel denotes the data arrangement sequence number of the
channel corresponding to the channel, laser id indicatds@b#&r channel number

= ' Select Laser channel

V| 811/811 ne choice

Switch selection

Vertical Angle Channel Laser ID
-15
-13
-11

-9

Applicable to future dialogs

As shown in the following figure, the left image shows some of the chalatael
hidden in the 16 lines, and the right image is the complete data
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10.5 Parameter configuration example of lidar network communication

mode

Unicast

The lidar's source IP address and destination IP address are in the same network
segment.

B InteractionSet — %

Laser Config

Lidar IP: [192.168.1. 200 | Data Port: [2388 |

Dest TP: [192.168.1.102 | device Port: [2369 |

Wac: (U F:cket interval: [166 |

Notor speed (RPN : a 5 HZ ~ Local time: o Tes =
Hotor State: Run <

Laser State

GPS\NTF time: 2000/0/0 0:0:0 LVDS: 0: LVDSHIE
Settting PPE Ange |  PPS Set Angle: 0.00

NTP IF: Motor speed Read: 300

FFS ingle Locked: 0 Deviatieon Angle: ©

Flate-2 Temperature: 31.53

GPS Pesotion:

Longitude: Latitude:

Refresh state Set Cancel

When the lidar's source IP address and destination IP address are in different network
segments, for example, the lidar's destination IP address is 192.168.10.102, and the lidar's
source IPis 192.168.1.200, they need to be connected through a switch.
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[E7 InteractionSet — X

Laser Config

Lidar IF: [192.168.1.200 Data Port: |2363
Dest IP: |192.168.10,102 device Port: |234%
Nac: G Packet interwval:

Motor speed (RFND) : 5 HZ ~| Local time: o Tes -
Motor State: Stop =

Laser State

GESYNTP time: 2000/0/0 0:0:0 LVDS: 0: LYDSHE
Settting PPS Ange |  HPR 3et Angle: 0.00

NTP IF: Motor speed Read: 108

FFS Aingle Locked: 0 Deviation Angle: 0
Flate—2 Temperature: 31.37

GPE Posotion:

Longitude: Latitude:

Refresh state Set Cancel

Multicast

The target IP of lidar is the address of the multicast group.

[®7 InteractionSet - >

Laszer Config

Lidar IF: [192.188.1. 200 | Data Port:  [2388 |
Dest IF: [224.1.1.1 | device Port: [2369 |
Nac: G rocket interval: l:l
Motor speed (RFM) : 5 HZ * Local time: o Tes e
Motor State: Stop =

Laser State
GPEWNTE time: 2000/0/0 0:0:0 LVDS: 0: LVDSHIE

Settting FPS dngel: | | FPS Set Angle: 0.00
HTF IF: 0.0.0.0 Motor speed Read: 2680

FPS Angle Locked: O Deviation Angle: O
Plate-2 Temperature: 47.00

GPS Fesotion:

Longitude: Latitude:

Refresh state Set Cancel

Broadcast

Set the lidar to work in the broadcast mode, the lidar's destination IP address is the

]
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broadcast address, and the lidar's source IP address and the lidar's destinatdred® a
are in the same network segment.

B | InteractionSet - X

Lazser Config

Lidar IF: [192. 188.1. 200 | Data Fort: (2368 |
Dest TF: [192. 188.1. 255 | device Fort: (2363 |
Mac: G Packet interval: I:|
Moter speed (RFID : 5 HE v | Local time: @ ves v
Notor State: Stop e

Laser State
GPEVNTE time: 2000/0/0 0:0:0 LVDS: 0: LYDS$IE -

Settting PPS Angel: [ | FPE Sst Angle: 0.00
HTF IF: 0.0.0.0 Motor speed Read: 260

FFS Angle Locked: O Deviation Angle: 0

Flate—2 Temperature: 47.89

GPE Fosetlon:

Longi tude : Latitude:

Refresh state Set Cancel

The target IP address lidar is the broadcast address, and when the source IP address
of lidar and the target IP addresslidfr are not in the same network segment, they need to
be connected through a switch

® | InteractionSet - X

Laser Config

Lidar IF: [192.188. 1. 200 | Data Port:  [2368 |
Dest IP: [192. 168. 10. 255 | device Port: [2380 |
Mac: I Facket interval : l:l
Motor speed (RFN) : 5 HI ~ Local time: o Tes <
Motor State: Stop ~

Lazer State

GPS\NTE time: 2000/0/0 0:0:0 LVDS: 0: LVDSHiZE -
Settting PPS Angel: | | PPS Set Angle: 0.00

NTF IF: Motor speed Read: 260

FPE Angle Locked: 0 Deviation Angle: 0

Plate—2 Temperature: 49.66

GPS Posetien:

Longi tude : Latitude:
Refresh state Set Cancel
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10.6 Attention

1. LiDAR Setup andUselssues

(1) LeiShen 1dine LIDAR display software cannot be used in two processes
(opened twice when it is already running) in the same PC to receive data because the use of
PC port is generally exclusive. When gmecess is bound to a specified port number ,
other same processes or software using the same port number cannot work normally. For
example, if software Veloview uses the same port number, it is impossible to use either of
the software in the same PC tcewe LIDAR data synchronously, in which case one of
the software crashes. Moreover, as the underlying software development using Qt is unable
to identify a Chinese path, no Chinese path is recommended in naming a file or a path
folder.

When LeiShen 14ine LIDAR display software detects the port is temporarily used, it
will prompt for communication network port configuration failure and automatically close
the software. Users need to close the process of software that occupies the port, and
re-open LeiSheri6-line LIDAR display software for normal operation.

(2) As LeiShen 18ine LIDAR is able to modify the port number through the user
configuration so that th&iDAR sends data to the upper computer through the preset
destination IP and port, it is necess@o set the IP as the destination IP of thBAR
when the local notebook or desktop and other device are receiving data. The port bound to
program in the local upper computer shall have the set destination port number, as shown
below. The packet paranegs captured and analyzed by Wireshark are as follows:

1 @.608600 192.168.3.288

Protocsl Length Info
UDP 1248 23688+ 2368 fen=1206
2 8.608704 192.168.3.288 ubpP 1248 2368 en=1206

3 9.001318 192.168.3.2@88 192.168.3.144 upp 1248 2368 + 2368 Len=1206

Time Source

The red boxes indicate the destination IP and port dfith&R, respectively.

In Control Panel> Network and Internet> Network Share Center, click the Local
Area Connection button.

Click Propertés in the pojfup status box and click TCP/IP4 Protocol Version in the
pop-up Properties box, as shown below.
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In TCP/IP4 Properties Settings set the IP address to the destination |PLdD A
(the default factory IP and port of theéDAR are shown intie LIDAR communication
protocol) and the subnet mask to 255.255.255.0.

Internet tHiU kR 4 (TCP/IPvY) BtE

A=)

Ry

O BahRIE Ir Mt 0)
© FERTEH IF Hk s

IF it (T3 ]
FhHEE - 255 255 .255 . 0
HiAFLE @)

' BER1E S BREEt ) N

© FERT-EEY s AR EEHEL B
Hik 19 fREE P
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[ | [ EA

)

(3) Since LeiShen muline LIDAR display system program needs to acquire massive
packets via the Internet in a short period of time, it may be prohibited by the network
firewall asa malicious program. It is possible that packets are seen to have been sent to the
computer using software wireshark to capture packets but are not displayed on the upper

computer.

In Control Panet> System and Security Windows Firewall Settings, clickllow a
Program or Feature to Pass Through Windows Firewall, as shown below.
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Browse to find the software installation path (by default\Pgram Files
(x86)\LeiShenintelligentSysteYbhSVIEW\LSView.exe), and click OK after it is selected to
applytheppgr am’s net work settings. See the folloc

SRR, REERRAELFIEREIREL  BRE TRlEET .
frEEEEaEaERE? WEmESN

FrireIRARIMRE(A):
a2

%] LSView.axe
B malauncher =
M ma L||:||:|a'|: =)
[ Media Center Extender a
B Microsoft Office Groove O
B Microsoft Office OnelNote O
O
O
[

M Micrazakt Office Outlaak

ONetlogon BS

B NVIDIA SHIELD Streaming MSS TCP Exception

B NVIDIA SHIELD Streaming NvStreamer TCP Exception
RA WVTDIA SHIFLD Streaminn MueStraamsr LIDP Fyranfinn [l = -

According to the nature of the wuser’s net
and click OK to view the data.

2. When LeiShen Intelligent multi-line LIDAR display software is install@ in a
desktop or laptop with dual GPUs, the default global settings for the computer
operating system as use global settings (automatic selection: integrated GPU) have an
effect on the display efficiency of the software. To ensure the use and display
efficiency of the software, it is necessary tmenually set the computer GPU settings.

Dual GPUs can be viewed in the computer configuration. As shown below, the
computer’'s display adap t->eRightBaton->Pwpetiese n i n M
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Device Manger:
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Il Intel(R) HD Graphics 530
Il NVIDIA GeForce GTX 960M

So it is necessary tmenwally adjust the settings by switching the applicable GPU of
the softwarenenwally to HP discrete GPU. The setting steps are as follows:

(D)In case of a notebook with integrated GPU Intel(R)HD Graphics 530 and discrete
GPU NVDIA GeForce GTX 960, rightlick on the desktop space to pop up the riguk
menu and select NVDIA Control Panel.

BEE(V) 2
HIEU0) >
REFE)

FENE(P)

SRS

e EaE) Ctrl+Z

B m%ire BEcH
B NVIDIA s

FEEW) >

0 BFiEmD)
AR

(2)Select Manage 3D Settings button in the qpppprogram interface of NVDIA
Control Panel

]
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(3)Select Program Settings button in Mae&p Settings interface
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(4)Click Add button in Manage 3D Settings interface
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(5)Click Browse button in the pepp Add interface
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(6)Find the application file of the software (.exe file) in the quppBrowse interface
according to its installation ga

=R fEELE RS =5 Foh

1 bin 2017/8/26 17:37 it

| doc 2017/9/13 11:01 =zt

| iconengines 2017/9/9 15:45 it

L. image 2017/9/13 11:48 prito—

| imageformats 2017/9/9 15:45 it

L include 2017/9/9 15:45 ITigEE

e lib 2017/9/9 15:45 it

| platforms 2017/9/13 10:58 it

| system32 2017/9/9 17:05 it

L SysWOWo4 2017/9/9 17:05 it

%] icudt33.dll 2014/9/3 16:42 FFRERT B 21,025 KB
% icuin53.dll 2014/9/3 16:42 R FERTE 2,412 KB
2] fcuucs3.dll 2014/9/3 16:42 R 1,675 KB
|7 LsLidar.exe 2017/9/29 10:37  EiFERE 817 KB |

(7)Click OK to automatically return to NVDIA Control Panel. Select HP NVDIA
Processor from the dropdown box under option 2. Select Preferred GPU for This Program
and click on the application in the lower right corner. After the computer applicatgst, i
close NVDIA Control Panel to complete settings, as shown below.
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