LeddasarTech

MASTERING LIDAR SENSOR TECHNOLOGY

L e ddlalr6
Solid-State LIDAR Traffic Sensor
USER GUIDE



Page Intentionally Left Blank



© 2019 LeddarTech™ Inc. All rights reserved.

LeddarTech™ Inc., referred to as the Company shall not be liable for any errors contained herein
or for any damages arising out of or related to this document or the information contained therein,
even if the Company has been advised of the possibility of such damages.

The information contained herein is the property of the Company, and shall not be reproduced in
whole or in part without prior written approval of the Company. The Company assumes no
responsibility for any errors or omissions in this document.

Leddar is a trademark of LeddarTech™ Inc. All other trademarks are the property of their respective
owners.

L e d d aQoriiguration software: this software is based in part on the work of the Independent
JPEG Group.



DISCLAIMER

LeddarTech™ Inc. reserves the right to modify the products and/or specifications described herein
at any ti me, wi thout notice
operating parameters of the described products are determined in an independent state and are
not guaranteed to perform the same way when installed in customer products. The information
contained herein is provided without representation or warranty of any kind, whether express or
i mplied, including, but not ' imited to, t he
purpose, an implied warranty of merchantability, or non-infringement of the intellectual property
rights of others. This document is presented only as a guide and does not convey any license under
intellectual property rights of LeddarTech or any third parties.

, at Lee gpeatifications @andd s

S

u

sol e

tabi



VERSION HISTORY ittt ettt e e e e e e e s s e e e e e e s 7

LIST OF FIGURES ... oottt e e et e e e et e e s et e e e et e e e eebeessaaeeenaanes 8
LIST OF TABLES . ...t e e e et e e ettt e e s e st e e e et e e eeaa e e sraaeesees 10
CONTACT INFORMATION . ..ottt e e e e e e e e e e e s et e e e sab e s asaaeesebaneeeranass 11
DOCUMENT CONVENTIONS ..ottt e e e et e e e e e s s e e e s et e e e eaba s eeseaaneeeees 12
1. LABEL EXPLANATION AND SAFETY INFORMATION ...ttt 13
1.1,  REGULATORY COMPLIANCE ...uiituiiituiittiitteeetiiettessteestiesstessttestesstaeesaiersesstarestaesseessierans 13
- VB I {0 151 L@ I [ ] 14
D2 N = = | N [ NS T PR 14
2.2.  UNDERLYING PRINCIPLES AND LIDAR FUNDAMENTALS ...uuiiitteteietieeeeeiesesetieeeeesnnseessnneesens 15
2.3. KEY FACTORS FOR BEST SENSOR PERFORMANCE ......uciittiiiiiiiieeiiieieeetneeasesaneesisesnessnnns 16

B T B S O = | = 1 [0\ T 17
3.1. EQUIPMENT DESIGNATION AND DESCRIPTION ......ccvvuuueieeeeerrertusaeseeesererstiseeesssesssssnnseeesees 17
3. 1.1, KEY COMPONENLS ...eeiiiiiiieeiiiiire ittt e e e s e r e e e e e s s sn e e e e e e e e aannnes 19
3.1.2.  DiStanCe MEASUIEIMENT .....uuuiiiiiieeeiiie et e e et e e e e e st e e s st e s e saa s e ssaaaseessbaeesesanees 22

4. SPECIFICATIONS ..ottt e e s e e e e e e e e aa e e s st e e e eaba e s eabaeesabaeeseaanees 23
4.1. GENERAL CHARACTERISTICS 1utiituiiittiitteitteeiteettetsteesttiesaaesstsestessnesstssssasssteerssessneesteees 23
4.2.  MECHANICAL SPECIFICATIONS ...ituiiitiitteitteeittettetsteesttiessessteestetsnesstssenesstaesseesrnessnaeees 24
4.2.1. Leddar T16 Traffic DIMENSIONS........oiiiiee it e e e e e e e e 25
4.2.2. Leddar T16 TolliNg DIMENSIONS ....ccciiuiiiiiiiiiiee ittt 25
4.2.3.  DISEANCE SCIBW ....ieeeieiietee e ettt e et e e e e e e e et et e e e eaa s e e eaae s et et e eesstreeeaanseesees 26

4.3, ELECTRICAL SPECIFICATIONS. .. ttutttttettettteeite et etete e ettt eraaeastreetsranertateraseeneeesseraneasrneees 29
4.4, ENVIRONMENTAL SPECIFICATIONS. ...uuitttiitteitttetteteteeanteraaeesteessesanesetnseresssnaseeseraneesrneees 29
4.5, SOFTWARE SYSTEM REQUIREMENTS....ccuttuuieteeeieetiutiieeeeeseesinnnaseeessesssnnnaaeesesssnnnnnaaaaaeees 29
5. INSTALLING THE LEDDAR T16 SENSOR ....ou it 30
5.1.  INSTALLING AND ORIENTING THE SENSOR.....uiituiittiiitiiitiestieiiteestiessessieesniersesstresaessns 30
5.2, CONNECTING THE LEDDAR T16 SENSOR ...ccuuiiitiitiiiiieiiiiieiiesieesteesaesaieetasesanesstnsesnessnnns 32
6. INSTALLING LEDDAR™ CONFIGURATION .. .ottt ettt ettt eeeeeeeeeeaeee s 33
6.1. CONNECTING TO LEDDAR™ CONFIGURATION. .....ceiitttutenieeeieeesatinseeeessessssnassessserssssnseeeeees 34
7. LEDDAR™ CONFIGURATION. ..ceettte ettt ettt e e et e e ettt e e e e e e e e e e e aaeen 38
A 1 =S | = T 44
7.2.1.  Recordings (It fil€) ..ceee e 45
7.2.1.1.  How to Edit ReCOrding SEtlNGS ......cocuvieiiiiiiieiiiiiee ittt sireee e 45
7.2.1.2. HOW t0 RECOIT @ SCENE ...ttt e et e e et e e e e e e e s e e e eaaas 47
7.2.1.3. HOW t0 Play @ RECOIMING....cciiiiiiiiiiiiiiiee ettt a7
7.2.1.4. How to Extract a Scene Segment ... 50

Page 5 of 109 Leddar T16 i User Guide



7.2.2.  Data Logging ((EXE fil€) ....cccuiiiieeie e 51

7.2.2.1.  How to Setup Data LOQQING ....ccovcuriieiiieeeieiiiiiie e e e e e sesiiiee e e e e e e sstnane e e e e e e e s nnnannnees 51
7.2.2.2. How to Start and Stop Data LOGQiNg........ccueeeeiiirieiiiiieee ittt e sieeee e 51

7.3, DEVICE IMENU ..ottt ettt ettt ettt ettt ettt ettt e sttt s s s st st s et e s e s e s s e e s e s e tsbessbnsnsnnnnnnes 52
7.3.1.  CONFIQUIALIONS ...ttt ettt e et e e e st e e e e st re e e e snnreeeeanes 53
7.3.1.1.  Device Name and HOW t0 Change it.........ccceeiiiiiiiiiiiiiee et 53
7.3.2.  ACQUISIEION SEIINGS. . eiiitieeiiitiiee ettt ettt et et e e e st e e e e sbneeeeanes 54
4 G T V= 111V QST 11 o 1SR 57
7.3.4.  Orientation Control (Pan/Tilt AdjUSTMENL) ..........vviiieiee e 58
A8 B T To (=Y = 111 T 1 SRR 59
FA%C T T Yo 11 o PSPPSR 60

ToA. VIEW IMENU. ..ciiiiiiiiie ittt ettt ettt sttt e e s e at e e s e ns e e e e ns e e e e nbbe e e e e nbeeeeenbaeeeenneeas 61
T4 L. DEVICE STALE.....eeeiiiiieieieiiieieieeeeeeeeteeeereeeeeeeeesaersssssersresssssessrsrersssssssrsrsrererersrererersrernres 62
7.4.2.  IMAGE ACHVALION ....eeiiiiiiiiie ittt ettt e e et e e e e sbneeeeane 63
T.4.3.  Grid ACHVALION......eeiiiiiiiiiieiiieeieeeeeeeeeeeeeeeereeeeaeeseseeeesresesssessssssssssssssssressssrssssesessrsrereres 63
744,  RAW DEIECHONS.....ceiviiiiiiiiiiieiiieeeeeetettttteereeeeeeerereserereresssesererararererarerrrerererrrererrrrrrrare 64
7.45.  RaW DeteCtionS Graph.......coocuuiiiiiiiiiie ittt 67
7.4.5.1. Setting Scale Areas and DetecCtion POINtS ............ceeviiiveiieieieeieeiiiiiiieieeeeeeereeenenan. 68
7.4.5.2. Detection Scene Short Keys ..o 74

7.5, SETTINGS MENU....etiiittiiieieeteeeeeeeeteeeeeeeeeeeeassessessssssssessssssssssssssssssssssssssssssssssssssenssssnsnsnnnnnnes 75
4 0 S o= To o] o IS 1] o PP PPPPRS 75
AT B - L v N o o [0 [ S SR PPTTT 76
AR T T = (= (=1 (=Y g (o7 =T SRR PPPOPPPPPPPPPRt 77
T.5.4.  ACCESS LEVEL ..ottt ee e eeaeaeaeaeasssaassssasssssssssssssasssssssessseserernnes 79

7.6, HELP IMIENU ..ottt ettt ettt ettt e et et et et e s e s e e e e e sesssessensnnnennnnns 80
T.6. 1. USEI GUIOE .....eiiieieieeeiieeeeeeeeeeeeeeeeeeeeeeeaeaeessesesessssssssssassssssssssssssssssssssssssssssssssssssssrernnes 80
7.6.2.  Leddar™ SDK HEIP. ..ottt ettt st e e snte e ae e e e e e 80
A TR TR Y o Lo 10| SR URPRPPRSR 80

8. COMMUNICATION PROTOGCOL ...ciiiiiiiiiiiiiiee e eiieee e stteeeestiee e e staeeesstaeeessnsseeeesssseeesansseeeenne 81
9. TROUBLESHOOTING......ccttttiiitiite ettt e sitee e st e e st e e e sstee e e s sstaeeessbaeeeeanbaeeeesbeeeesansbeeeeanes 82
10, MAINTENANCE ..ot e e s et e s et e e e st e e e e nbee e e enntaeeeeannes 83
12,  TECHNICAL SUPPORT ..ottt ittt ettt ttee e s s e e s st e e s asbe e e s asbee e e asbeeeeannteeeeennnes 86
13 IN D E X ettt e et e et et e et e e e e et e e e e et e e ean e e et e eeat e aeenn e 87
APPENDIX A. STATIC IP AND DHCP CONFIGURATION UNDER WINDOWS 7 AND UP ..... 89
PART AT CONFIGURING THE NETWORK FOR STATIC IP MODE. .....ccoeiiiiiiiiiiiieeeeee 89
PART BT CONFIGURING THE NETWORK FOR DHCP MODE .....ccceeiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeee e 93
APPENDIX B. MAKING CONNECTORS FOR THE ETHERNET CABLE ........ccovvviiiiieeieere, 95

APPENDIX C. PROCEDURE TO USE LEDDARCDEMO (SDK CODE EXAMPLE) WITH THE
LEDDAR T16 SENSORE € € € € . .ottt ettt 101

54A0043-2EN 032019 © LeddarTech Inc. Page 6 of 109



DATE

VERSION DESCRIPTION
(YYYY-MM-DD)
54A0043-1EN Initial release 2019-02-06
1 Reviewed Document Conventions section.
I FCC mention moved to section 1.1.
54A0043-2EN | § Table 6 and Table 9: Mention of 48° Traffic configuration deleted. 2019-03-28
i Table 10 and Table 11: Detection ranges modified and notes

added.

Page 7 of 109

Leddar T16 i User Guide



Figure 1: TiIMe Of FIGNT........ooi e e 15

Figure 2: Front View of the Leddar T16 Traffic SENSOr .........coociiiiiiiiiiiie e 20
Figure 3: Front View of the Leddar T16 TolliNG SENSOI...........cccuuiiiiiee e sesireee e e 20
Figure 4: Back View of the Leddar T16 TraffiC.........ccccoiiieeiii i 21
Figure 5: Back View of the Leddar T16 TolliNG .......ccccvviiiiieeeii e e e e e e 21
Figure 6: Distance Measurement with the Leddar T16 SENSOT.........ccccvvviiviiireeeeeiiiiiiiniee e e e e e 22
Figure 7: Leddar T16 Traffic SENSOr DIMENSIONS.........cuviiieeiiiiiiiiiieie e s s e e e s snrrere e e e e e e nanes 25
Figure 8: Leddar T16 Tolling SENSOr DIMENSIONS .......ccciiiiiieiiiiieeiiiiee ettt 25
Figure 9: Leddar T16 Traffic Top View i Measurements Between Mounting Threads................. 26
Figure 10: Leddar T16 Traffic Bottom View i Measurements Between Mounting Threads ......... 27
Figure 11: Leddar T16 Tolling Bottom View I Measurements Between Mounting Threads......... 28
Figure 12: Mounting POSItION EXAMPIES ......c.coiiiiiiiiiiiee ittt 30
Figure 13: Orienting the Sensor with Reference Marks ...........cccccoiiiiiiiniiin e, 31
Figure 14: Sensor Position AdJUSIMENTS ........coooiiiiiiii e, 31
Figure 15: Windows Security Dialog BOX ........cccoviiiiiiiiiic e, 33
Figure 16 : Leddar E Confi gur.at..on..Qp.e.ni.ng..Wi.n.d®w
Figure 17: Connection WINAOW .......ccooiiiiiiii 35
Figure 18: Opened Window Check Mark Example .........cccccooiiiii e, 38
Figure 19: Warning Message EXamPIE .........coouiiiiiiiiiiiiiieee et 38

Figure 20: Leddar E Configuration..Traff.ic.C8nhfiguratic
Figure 21: Leddar E Configuration..Toll.i.ng.Cdhfiguratic

Figure 22 : Record Settings WINOOW ..........oiiiiiiiiieiiiie ettt 46
Figure 23: Record Replay WINAOW at OPENING .......cvviieiiiiieeiiiiie ettt 48
Figure 24: Record Replay Window with File Open..........ccoooiiii 48
Figure 25:; Extracted Segment EXample..........ooooiii 50
Figure 26: Data Log Settings Dialog BOX .........cccoiiiiiiiiiii 51
Figure 27: Device Name Dialog BOX ........coooiiiiiiiiii 54
Figure 28: Acquisition Settings Dialog BOX ... 54
Figure 29: Network Settings Configuration WindOW ............ccooriiiiiiiiiecine e 57
Figure 30: Orientation CoNtrol WINAOW ............cueiiiiiiiiiiiie et 58
Figure 31: Active Grid Application EXamPIe ..........coicuiiiiiiiiiieiiie e 58
Figure 32: Video Settings WINAOW ........c.ocuuiiiiiiiiiiiiie e 59
Figure 33: Device State Dialog BOX.......coiuiiiiiiiiiieiiiiie et 62
Figure 34: Raw DeteCtionS WINAOW ........ooiuiiiiiiiiiii ittt e e s e e e e e e e sanes 64
Figure 35: Raw Detection Graph EXAMPIE ......ccoiiiiiiiiiiiiie et 67
Figure 36: Vertical Scale Setting Areas (Traffic Configuration)...........cccooocviiiiiiiiiiiiiie s 69
Figure 37: Vertical Scale Setting Areas (Tolling Configuration) ..............occuveiiiieiiiniiiiiieeee s 70
Figure 38: Horizontal Scale Setting Areas (Traffic Configuration) ...........cccceeeieiiiiiiiiiieee s 71
Figure 39: Horizontal Scale Setting Areas (Tolling Configuration) ...........cccccovviiieeiniiee e, 72
Figure 40: Detection Point Coordinates (Traffic Configuration) ..........cccoccociiiiiiiieinie e, 73
Figure 41: Detection Point Coordinates (Tolling Configuration) ..........c.ccoccvveeiiiiee e 74
Figure 42: Recording Settings WINGOW .........coicuiiiiiiiiieeiiiee et 75
Figure 44: Data Logger DI@log BOX .....cccoiuiiieiiiiieeiiiiie ettt ettt e e 77
Figure 45: Preferences OptioNS WINAOW.........ccoiiiiiiiiiiiiiieae it e e e 77

54A0043-2EN 032019 © LeddarTech Inc. Page 8 of 109



Figure 46:
Figure 47:
Figure 48:
Figure 49:
Figure 50:
Figure 51:
Figure 52:
Figure 53:
Figure 54
Figure 55:
Figure 56:
Figure 57:
Figure 58:
Figure 59:
Figure 60:
Figure 61:
Figure 62:

Enter Password Dialog BOX ........cccuuuieiiieeiiiiiiiiiiiee e ssitiee e e e e e s ssintee e e s e e s s snnnnneenaae e 79
Change AdApPLer SELHNGS ...vvvriiiee i e s e e e e e rr e e e e e s s nrnrraeraeeaeas 89
Ethernet NetWOrk OPLON .......ooiiiiiiiiiiiiee ittt e e e e 90
EtNEINEt PrOPEITIES ....oeiiiiiiiiee ittt e s e e b e e e aaes 91

IP Address and SUDNEE MaASK..........coiiiiiiiiiiiiiiiee e e e e e eeaaae 92
Sensor Connection t0 POE+ SWItCH ......oiiiiiiiiiic e 93
EtNEINEt PrOPEITIES ....eeiiiiiiiieee ittt e e e e e sbre e e eaes 94
IP Address and Subnet Mask.........cccooiiiiii 94
RJ45 Industrial Modular Connector Kit for the Sensor Side of the Ethernet Cable ..... 95
Ethernet Cable with the Jacket Stripped and Plug HoOuSING .........ccccceveeeiiiiiiiiieeeeeen, 96
TWISTEA PAIIS ....ccoe e 96
Cat 56 T568B Wiring DIagram .......c.vuviiiieeeeeiiiiiieie e e e s s seieeee e e e e s s s sintane e e s e e e s s nnnnaneeaaeees 97
N A LR (ST o T o [ = T T R 97
THMMING The WIES ..o 98
Inserting the Load Bar and Wires in the RIA5 PIUQ .......ccvveeiiiiiiiiiieeee e 98
CrimpPing the RJIA5 PIUQJ ..cooiiieiie ittt 99
RJ45 Strain Relief Connector Kit for the Oend of the Ethernet Cable ...................... 100

Page 9 of 109 Leddar T16 i User Guide



Table 1: Explanation of Labels 0n the SENSOr..........ceiviiiiiiiiiiiec e e 13
Table 2: Regulatory COMPLIANCE .........c.cuviiiiieeiii i e e r e e e s e s e e e e e e s e s nnrereees 13
=L o] (RS B =) 1101 1o PSSP 14
Table 4: Key Factors for BeSt PErfOrManCe .............oioiiiiiiiiiiiiie it 16
Table 5: EQUIDMENT DESIGNALION ......eiiiiiiiiiiiiiii ettt ettt e s e e e nnneeee s 17
Table 6: Leddar T16 Sensor Traffic and Tolling Configurations..............ccccovviereiiiieee i, 18
Table 7: Ethernet Cable DESCIIPHON. ........cii ittt 18
Table 8: Leddar T16 CharaCteriStiCS .....uuuiiiiuiiiieiiiiiie et iee et e e s snnaea e s snneeee s 23
Table 9: Test Conditions and Detection Range (Traffic) .......ccccceeeii i 23
Table 10: Test Conditions and Detection Range (TOollNG) ........cooioiiiiiiiiiiiiccceee e 24
Table 11: Leddar T16 Mechanical SpecCifiCations............cccceceiiiiiii e 24
Table 12: Leddar T16 Electrical SpecCifiCations ... 29
Table 13: Leddar T16 Environmental SpecCifiCationS...........occviiiiiiiiiiiiiiiee e 29
Table 14: Leddar™ Configuration System ReqUIrEMENES .........ccocueririeeiieeiiiee e eieeesiieesiee e 29
Table 15: Connection Window INfOrmation .............eeviiieiiiiie e 36
Table 16: Main WINAOW IMENUS ......cooiiiiiiieie ettt ettt e e e e s e st e e e e e e s s annbaneeeaeeeeeanneeneeeas 41
Table 17: Main WindOW TOOIDAI ............uuiiiiiei it e e e e s e nnreneeeas 43
Table 18: File MENU OPLIONS .....uuuiuiiiiiiiiiiiiiii s 44
Table 19: Record Replay WINUOW ...........uuuiuiuiei s 49
Table 20: DeVICE MENU OPLIONS ....uuuuriuieiiiiiiiiiii s 52
Table 21: Acquisition SettingS WINUOW ..........uuuuiuiiiiiiii s 55
Table 22: Network Configuration WINGOW ...............ueuuumeeiii s 57
Table 23: VIAEO SEHINGS ...ooiuveieiiiiiiie ettt b bttt e bb e e e s ab e e e s saneeee s 59
Table 24: Action BUttoNS DESCIPLION .......eiiiiiiiiiiiiiie ettt e b e e e sanaeee s 60
Table 25: VIEW MENU OPLIONS ....cuvueiiiiiiiiee ittt sttt e e bbe e e e s abn e e e s snneeee s 61
Table 26: Device State INfOrMation ...........coviiiiiiiiiiii e e e e rer e e e e s e nneeeeeeas 62
Table 27: Raw DeteCtioNS ParamMeEtersS........ooii i e e e e e e e e s s seeaner e e e e e s e e nneeeeeeas 65
Table 28: Flag Value DEeSCIPLION .......uuuiiiiiiiiiiii s 66
Table 29: RECOIrdiNG SENGS ...uuuuiriiiiiiiii s 75
Table 30: Preferences Window Options and SettiNgS...... ... 78
54A0043-2EN 032019 © LeddarTech Inc. Page 10 of 109



LeddarTech LeddarTech
Head Office Production and Shipping
4535 Wilfrid-Hamel Blvd, Suite 240 3220 Watt Ave, Suite 120
Address Quebec City QC G1P 237 Quebec City QC G1X 4Z6
Canada Canada

Phone Number

+1 418 653-9000
+1 855 865-9900

8:30 a.m. - 5:00 p.m. EST

Technical Support

support@leddartech.com

Website

www.leddartech.com

Page 11 of 109

Leddar T16 i User Guide


mailto:support@leddartech.com
http://www.leddartech.com/

This document uses the following conventions.

Name of Menu >
Name of Window

Shows the access path to menus wunder

Arial bold

The name of buttons, menus, and dialog boxes are presented in bold.

4

Notes contain helpful suggestion and references to information included within
this user guide.

A\

Warnings refers to a warning or an important information to follow.

54A0043-2EN 032019 © LeddarTech Inc. Page 12 of 109




Table 1: Explanation of Labels on the Sensor

Location on o
Label Description
the Sensor P
Model Part number (PN) starting with
On the back of | 75A and Serial Number (SN).
Serial Number the sensor
This information is useful when
contacting LeddarTech support.

1.1. Regulatory Compliance

Table 2: Regulatory Compliance

Ingress Protection

P67

Ocular Safety

IEC 62471 2006 criteria: Exempt lamp classification

Part 15, Subpart B, Class A

This device complies with part 15 of the FCC Rules. Operation is

FCC subject to the following two conditions: (1) This device may not cause
harmful interference, and (2) this device must accept any interference
received, including interference that may cause undesired operation.
Class A

ICES-003 This Class A digital apparatus complies with Canadian ICES-003.

CE Yes

Page 13 of 109
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2.1. Definitions

Table 3: Definitions

Term Definition

Sensing area of a sensor. The active grid measures the range of detected
objects and must be centered on the zones that need to be monitored. It is

Active grid represented by an overlay of the live video window (Traffic configuration
only).

Amplitude Measure of the signal strength.

AR Anti-reflective

Area of interest The area that needs to be monitored.

The camera in the sensor that provides video and images used for viewing

Camera the detection area (area of interest).

Channel Synonym of feegmenta See the definition of the word segment.
Phenomenon by which a signal transmitted in one segment creates an

Crosstalk . : ;
undesired effect in an adjacent segment.

Depth of the Distance along the y axis (road) within which the sensor will detect a

detection zone vehicle.

Object detected in one segment.

Detection Detections include at least the following data: Segment identification,
distance measurement, and the intensity of the backscattered light of the
object.

FOV Field of View.

Opening angle The angle of the detection zone.

Time of Flight Refer to section 2.2 Underlying Principles and LiDAR Fundamentals for
more details.

A segment is defined by a horizontal index in the FOV. Synonym of

Segment

fchannela
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2.2.  Underlying Principles and LiDAR Fundamentals

Created by LeddarTech™ Inc., LeddarE  ( |-émitting diode detection and ranging) is a unique
sensing technology based on LED illumination (infrared spectrum) and the time-of-flight of light
principle. The LED emitters illuminate the area of interest and the multi-segment sensor receiver
collects the backscattered light and measures the time taken for the light to return to the sensor.

A photodetector array is used and provides multiple detection and ranging segments. Full-
waveform analysis enables detection and distance measurement of multiple objects in each
segment as illustrated in Figure 1, provided that foreground objects do not fully obscure objects
behind them.

\/}
Wiy,

%,
%,
%,
%
//’/////
7
7
%

Receive Echo

«HIIH||||IIIII||IIIII|IllIIHlIIIIIIIIIIIIIHIII)IIHHIIHIIIIIIII!I|IllIIIHHII]\IIIIlIllXB\

A
A\

Object 2
Time

'

]

- :
LEDDAR T16 I Transmit Pulse :
'

)

'

1

'

'

=
3
@

Start Reference

Figure 1: Time of Flight

Page 15 of 109 Leddar T16 i User Guide

%
2
2
Z
Z
Z
Z
Z
///
]
Z
Z
2
2
2,
%
2,
2
2
2
2
%
%

W



2.3. Key Factors for Best Sensor Performance

The following factors are important to consider for obtaining the best operating performance.

Table 4: Key Factors for Best Performance

Key Factors Description

The larger the target, the higher is the range.

Size of the target
The smaller the target, the lower is the range.

With a high surface reflectivity, the range is higher.
Reflectivity of the target
With a low surface reflectivity, the range is lower.

Position of the target within With centered channels (segments), the range is higher.
the FOV

With outer channels (segments), the range is lower.
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This user guide is intended to provide information on and describe the Leddar™ T16 Solid-State
LIDAR Traffic Sensor (hereinafter referred to as flLeddar T169 for developers, integrators and/or
engineers.

The Leddar™ T16 Traffic Sensor is a 2D solid-state LiDAR that is specifically designed for traffic
management systems from city to highway applications. Packaged in a weatherproof housing, the
Leddar T16 offers cost efficient and highly accurate detection for various Intelligent Transportation
System (ITS) applications, such as electronic tolling, traffic monitoring and traffic law enforcement.
At the heart of the sensor resides the patented Leddar digital signal processing technology, which
provides superior detection, location and measurement capabilities for all types of traffic, including
vehicles, pedestrians and cyclists. The Leddar T16 measures both the distance and angular
positioning for each detected target. Its collected data enables functionalities, such as vehicle
profiling, speed measurement, and traffic data collection.

The Leddar Tl1l66semiasadibyuimi sabtEBnsources ¢
of view. Capturing the return echoes of these diffused light pulses through 16 independent active
detection elements at a high acquisition rate, the Leddar T16 Traffic Sensor continuously provides
rapid and accurate detection and ranging in the entire beam without any moving mechanical parts.
The returned signals are digitized and processed through innovative algorithms, allowing the
reliable detection and measurement of a wide range of objects under the most challenging
environmental conditions, such as rain, snow and fog.

Keep this user guide for future reference.

3.1. Equipment Designation and Description

Table 5: Equipment Designation

Family Name Leddar T16
Model Solid-State LIDAR Traffic Sensor
Configurations Traffic and Tolling Sensors

&
[\ This document refers to all models described below unless otherwise mentioned.
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Table 6: Leddar T16 Sensor Traffic and Tolling Configurations

Leddar T16 Obtions Leddar T16 Obtions
Traffic P Tolling P
9° (75A0030-1) 9° (75A0025-1) | 1 AR coated window
1 Pan and Tilt 19° (75A0026-1) | 1 Lens shield
19° (75A0021-1)
1 Camera 26° (75A0027-1) 1 No enclosure
sunshade
26° (75A0022-1) 9 Enclosure o
sunshade 36° (75A0028-1) 9 No pan and tilt
36° (75A0023-1) 48° (75A0029-1) | 1 No camera

The Leddar T16 Sensor comes with the following software and accessories.

1 Leddar™ Configuration and Software Development Kit (SDK)

1 Ethernet connector kit. Refer to Appendix B for more details.

Table 7: Ethernet Cable Description

Ethernet Connector Kit Description

Catbe RJ45 shielded connector (with load bars),
IP67 industrial modular connector and yellow strain
relief boot.
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3.1.1. Key Components

Receiver

Emitter

 Receiver Lens

1 Light Emitter
9 Diffuser lens

Figure 2, Figure 3, and Figure 4 below show the Leddar T16 Sensor key components.
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Enclosure
sunshade

Camera Receiver

LED emitters (8)

Figure 2: Front View of the Leddar T16 Traffic Sensor

Receiver

LED emitters (8)

Figure 3: Front View of the Leddar T16 Tolling Sensor
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Enclosure
sunshade

Ethernet
connector

Figure 4: Back View of the Leddar T16 Traffic Sensor

Protective
vent

Brass
inserts (4)*

Ethernet
connector

Figure 5: Back View of the Leddar T16 Tolling Sensor

* Brass inserts (two on the back and one on each side of the Tolling Sensor) serve to fix
the optional enclosure sunshade only.
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3.1.2. Distance Measurement

The red line indicates the distance that is measured from the screw located on the sides of the

Leddar T16 Sensor as shown in Figure 6.

| LEDDAR

Figure 6: Distance Measurement with the Leddar T16 Sensor

The blue dashed lines illustrate one segment and the solid line indicates the distance measured by

the sensor in that segment.

54A0043-2EN 032019 © LeddarTech Inc.
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4.1.

General Characteristics

Table 8: Leddar T16 Characteristics

Number of Segments 16
48° x 7.5°
36° x 5.9°
Horizontal x Vertical FOV | 26° x 4.2°
19°x 3.0°
9°x 1.6°
Resolution 3.00°, 2.25°,1.63°, 1.19°, 0.56°
Wavelength 940 nm
Photodetector Array Size | 1x16

Measurement Rate

Fixed at 196 Hz

Accuracy

+5cm

Table 9: Test Conditions and Detection Range (Traffic)

Leddar T16 Traffic Detection Range (m)
Horizontal | Vertical Retro- White 90% Gray 18% Pelt;lgﬁtfi)an
FOV (°) FOV (°) | reflector! | Reflectivity? | Reflectivity® 40%
Configuration
75A0030-1 9 1.6 49 39 19 49
75A0021-1 19 3.0 49 36 18 47
75A0022-1 26 4.2 49 18 12 27
75A0023-1 36 5.9 49 15 8 20

1. Retro-reflector reference target corresponds to a 5 cm x 7 cm band of retro-reflective tape.
2. White reference target corresponds to a 20 cm x 25 cm Kodak Greycard with 90% reflectivity.
3. Gray reference target corresponds to a 20 cm x 25 cm Kodak Greycard with 18% reflectivity.
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Table 10: Test Conditions and Detection Range (Tolling)

Leddar T16 Tolling Detection Range (m)
Horizontal | Vertical Retro- White 90% Gray 18% Pelc\lllgsAt\IrDian
FOV (°) FOV (°) | reflector! | Reflectivity? | Reflectivity® 40%
Configuration
75A0025-1 9 1.6 49 36 17 46
75A0026-1 19 3.0 49 32 16 42
75A0027-1 26 4.2 49 17 11 24
75A0028-1 36 5.9 49 13 7 18
75A0029-1 48 7.5 49 11 6 15

1. Retro-reflector reference target corresponds to a 5 cm x 7 cm band of retro-reflective tape.
2. White reference target corresponds to a 20 cm x 25 cm Kodak Greycard with 90% reflectivity.
3. Gray reference target corresponds to a 20 cm x 25 cm Kodak Greycard with 18% reflectivity.

4.2. Mechanical Specifications
Table 11: Leddar T16 Mechanical Specifications
Leddar T16 Traffic Leddar T16 Tolling

Height 226 mm/9in. 208.7 mm /8.2 in.

Length 386 mm / 15.2 in. 277 mm/10.9 in.

Width 259 mm / 10.2 in. 252.4mm/9.9in.

Weight 3 kg (6.6 Ibs) 2.3 kg (5 Ibs)

Mounting Threads M6 x 1.0

Mounting

Compatible with standard traffic hardware

54A0043-2EN 032019 © LeddarTech Inc.
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42.1. Leddar T16 Traffic Dimensions

386 mm /15.2in / ' 259 mm/10.2in ——

226 mm /89 in

LEDDAR

Figure 7: Leddar T16 Traffic Sensor Dimensions

4.2.2. Leddar T16 Tolling Dimensions

—_— 277 mm/ 109 in —_— 2524mm/99 in —mm8

s

2087 mm/ 82 In

e — @H —
||

Figure 8: Leddar T16 Tolling Sensor Dimensions
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4.2.3. Distance Screw

Figure 9, Figure 10, and Figure 11 below shows the measurements between the mounting
threads of the Traffic and Tolling Sensors.

-

254 mm/1in.

136.8 mm /5.4 in.

Figure 9: Leddar T16 Traffic Top View i Measurements Between Mounting Threads
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254 mm/1in.

100.5 mm/3.95 in.

Figure 10: Leddar T16 Traffic Bottom View i Measurements Between Mounting Threads
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254 mm/1in.

86.7 mm /3.4 in.

Figure 11: Leddar T16 Tolling Bottom View i Measurements Between Mounting Threads
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4.3. Electrical Specifications

Table 12: Leddar T16 Electrical Specifications

Power Supply IEEE 802.3at PoE+ (Power over Ethernet Plus), 56 VDC

54 V to 57 V (56 V nominal)

Power Supply Tolerance , )
PRI A It is strongly recommended not to exceed this

range as there is a surge protection at 58 V.

15 W (without heater)

Power Consumption (total) .
30 W (with heater)

4.4. Environmental Specifications

Table 13: Leddar T16 Environmental Specifications

Operating Temperature 140° C to + 60° C (1 40° F to +140° F)
Range

Humidity 100%

Water Tightness IP67

4.5. Software System Requirements

Table 14: Leddar™ Configuration System Requirements

Operating System Windows 7 and up
Memory 1GB

Disk Space 150 MB
Communication Interface 100BASE-T Ethernet

Page 29 of 109 Leddar T16 i User Guide




5. Installing the Leddar T16 Sensor

This section provides information and procedures to install and start the Leddar T16 Sensor.

5.1. Installing and Orienting the Sensor

This section presents how to install and orient the sensor. The mounting bracket can be attached
to the top or bottom of the Leddar sensor as shown in the examples below.

Figure 12: Mounting Position Examples

Required tools and materials

1 10 mm wrench
1 Mounting brackets (of customer-supplied)

To install and orient the sensor:

1. Use the provided hardware to attach the sensor to the mounting bracket. The supplied lock
washers must be installed between the bolt head and the bracket. Do not over tighten. The
recommended torque is 60 in.-lb. (6 Nm).

2. Orient the sensor so that the first segment is located on the side of the detection zone and that
the active grid (green) is centered in depth with two reference marks (blue circle) you have
placed on the side of the road (see Figure 13).
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Figure 13: Orienting the Sensor with Reference Marks

The sensor has three position controls: pan, tilt, and roll (see Figure 14).

The pan and tilt are adjustable using the sensor motor (Traffic configuration only); the roll can only
be adjusted by hand using the mounting bracket.

These adjustments vary according to the side of the road on which the sensor is installed.

Figure 14: Sensor Position Adjustments

Refer to section 7.3.4 Orientation Control to know how to change the sensor orientation.
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5.2. Connecting the Leddar T16 Sensor

Once Leddar™ Configuration is installed, you can connect the sensor.

The sensor is in DHCP mode by default.

Refer to Appendix A (part A or part B) for the detailed procedure on how to configure the
network with either a static IP or DHCP connection.
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1. Download LeddarlInstall.exe via the provided link orL e d d a r Tsappokt postal.
2. Double-click the file to start the installation.

3. If the Windows Security dialog box opens, click the Install button to accept the installation of
the drivers from LeddarTech during the process.

e N
[57] Windows Security &J

Would you like to install this device software?

Name: LeddarTech, Inc. Ports (COM et LPT)
%sws Publisher: Leddartech Inc.

V| Always trust software from [ Install ] [ Don't Install
« Leddartech Inc. »

# You should only install driver software from publishers you trust. How can I decide
which device software is safe to install?

Figure 15: Windows Security Dialog Box

&
v The first time the sensor is connected to a computer, about 30 seconds are required for
WindowsE to detect it iesamnd complete the installat

4. Follow the steps in the Welcome to the Leddar™ Configuration Software Setup Wizard.

5. On your computer desktop, click the Leddar™ Configuration icon to open the software.

Refer to Appendix A (part A or part B) for the detailed procedure on how to configure the
network with either a static IP or DHCP connection.
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6.1. Connecting to Leddar™ Configuration

1. OpenLeddar E Co n The fpllowirg window appears:

-

% Leddar™ Configuration - Not Connected l = | =) |i:h]w

File Device View Settings Help

Bl

zLeddar™

by LeddarTech

Mot Connected User

Figure 16: L e d d a roffigi@ation Opening Window

:{JE%
2. Click J to connect to the sensor.

The first time the sensor is connected to a computer, about 30 seconds are required for
WindowsE to detect it and complete the installat:i

3. Inthe Connection window, select a sensor in the list. Information about that sensor will
appear under the list box.
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The sensor list displays all the sensors that are currently recognized by the network.
The color of items in the list indicates the status of a sensor.

9 Black: This sensor is available, and no user is connected to it.

9 Blue: There is a user connected to this sensor.

1 Red: Incapable of communicating. After a certain delay, if the sensor does not respond to
requests, it is displayed in red.

F N
Connection ﬂ

Select a device in the list:

_ﬂ.amp Address/Td Tune
DEFAULT NAME 10.24.120 Leddar T16
Interface (1-4) 10.2.4.121 Interface

Sensor AK15084 10.2.4.152 Leddar T16

Status Message/State: Waiting for connection / (16) Running

Serial number: AK15084

Versions: FPGA: 202.24 Software: 2560 (Upgrade) CRC: F126CE3B
Part numbers: Hardware: 75F0001-1 Software: 53A0018-X
Ethernet address: FO-C8-8C-00-1D-4C

Mode
@ Local Broadcast IP address: v
(@) Unicast D —
] Subnet Mask: | 255.255.255.0
() Address
©) NAT

Figure 17: Connection Window

4. a) If the sensor is automatically detected. Click on the available sensor in the list.
b) Otherwise, enter the IP address 192.168.0.20 and Port number 48630.
5. Click Connect to connect to the available sensor.

E

6. To disconnect from the sensor, click =] in the toolbar or go to Device > Disconnect.

7. ToquitLeddar E Co n §oitogFiler>aQuit. o n
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Table 15: Connection Window Information

Connection Details

and Feature Description

The status message is the connection status for a sensor, which
indicates for example if a sensor is available or in use. The most
common status messages are:

Waiting for connection
Connected

Connected and busy
Running

Running | Connected
Running | Connected | Busy

Status Message/State

E I I ]

Serial Number The serial number of the sensor as attributed by LeddarTech.

FPGA: Firmware version of the sensor.
Versions Software: Software version of the sensor.

CRC: Software Cyclic Redundancy Check for integrity
validation.

Indicates the hardware and software part numbers of the

Part Numbers sensor as attributed by LeddarTech.

Also called the Ethernet MAC address, this is a unique identifier

Ethernet Address of the sensor on the network.

Local Broadcast enumerates the sensors by sending a directed
broadcast to the local subnet broadcast address.

For example, if the IP address of the computer is 192.158.50.20
and the subnet mask is 255.255.255.0, the local broadcast
Mode - Local Broadcast address 192.168.50.255 will be used.

This address will enumerate local sensors; additionally, in a
wide area network (WAN) the routers can be configured to route
this directed broadcast, enabling sensors on a remote subnet
to be enumerated.
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Connection Details

and Feature Description

Unicast enumerates the sensors by sending unicast messages
to every address defined by the IP Address and Subnet Mask
boxes.

Mode - Unicast For example, if 192.168.60.0 is entered as an IP address and

255.255.255.0 as a subnet, then unicast messages will be sent
to every address from 192.168.60.1 to 192.168.60.254 to verify
if there is a sensor present. If there is, then the sensor will
appear in the connection list.

Address is used to connect to a precise IP address when too
Mode - Address many addresses are present in the network connection used.

It is also used to connect to sensors located behind a router
acting as a network address translation (NAT) gateway.

The network address translation (NAT) feature is typically used
to access sensors via the Internet, where the individual sensors
share a single public IP address. To access sensors behind a
NAT gateway, prior configuration of the gateway is required to
forward the appropriate ports to the individual sensors. Up to
10 sensors can be supported.

Mode - NAT
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The Leddar™ Configuration software allows the user to view the detection measurements provided
by the connected sensor. The detections may vary based on the configuration of the parameters.

The main window can be resized manually or set to full-screen view.

When a dialog box or a window is already open a checkmark appears next to the command on the

menu.

Device State
v Image
v Active Grid
Raw Detections
Raw Detections Graph

Figure 18: Opened Window Check Mark Example

When parameters such as the name of the sensor or acquisition settings are modified, a warning

message in red appears in the main window. Click

v

in the toolbar to save your changes.

i Leddar™ Configuration - Leddar T16

==l X

File Device View Settings Help

35 v e |0 ia

ATTENTION

Configuration modified. Use Apply button to ¢

T16_Test (10.24.99) User

Figure 19: Warning Message Example
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7.1. Main Windows, Menus and Buttons

Once connected to the sensor, the main window of Leddar™ Configuration displays the following
menus, toolbar and view. See their description below.

1 Leddar™ Configuration - Leddar T16 E@g

File Device View Settings Help

B[ve|Ors

81 80 77 73 70 65 63 6.1 589 57 57 53
36.7 259 12.7 10.6 10.8 28.5 34.3 35.3 36.6 245 3.79 245

T16_Test (10.2.4.99) User

Figure20:Leddar E Co n fTraffia Coafiguration Main Window
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Figure2l:Leddar E Co n fToljng Cantiguration Main Window
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