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1 CE30Introduction

CE30 is an IRDE-LIDAR developed on the basis of ToF principlgith the optimized obstacle
avoidance mode, the detectirggionof interest can be set up. The singtEnt projection distance of
the nearest obstaatan be transferred through CANBUS. Compared with siogénnel scanning
LiDARs, CE30 does not contain any rotating components. The reliability oftioregwork and a
wider vertical detection range can be ensured.

Product Properties

Comp |l et-et asitde A Rd

Array idoeat ect

Hor i zfoinetlad olf2%vivew:t ixal9Afi el d of view

Set regi oinn otbhset acéeeawoi dance mode

[T et e B et R o]

Cal cthneetaer est point and output with CANBUS

50

1. Shell 2. Receiving panel (workingrea, no coving
3. Sending panelorking area, no coving 4. Power supply/ CANBUS(M8 aerial socket)
5. Ethernet portN18 aerial socket 6. Equipment installing hold\{3)

Fig.1 Outline of DELIAR CE30
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2 Indicator Instruction

1) Blue |l ight: ready anaGatreynmiemgly for connecti on

2) Blue flash: running state

3) Red fl ash: mi ssing of relevant running files

4) Red |l ight: fatal error (abnormal signal, abnor ma
5 Ift hreeldi ghd t he blue | ight are on at the same ti me

Indicator

Fig.2 Indicator Drawing

3 Software Operation Instruction

1) Connectacalelsistohaecor diagidd uwittrlat i on for Connecti or

Fig.3 lllustration for Connection of Components

2) Plug i-D®@op5dwé@iree supply current musetnibeUaB oivet rAf a
t haedapt ewi tpht etmhygeut er

3) Wait for about 3tbhtei DAR e nthtema& |t betad r tph a@ik etthe rrlewe
l'ight flashing, indicating the state of waiting

4) Oper at e ta®icgtredtianrgto ftthBEamenstrati on and data recor
wi t hseof t war e.
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Fig.4 lllustration of Software Functions

The software could automatically identify two kinds of UART: one for data and another is for
debugging information. Please choose appropriate UART number in accordance with
computer properties.

Default setting of obstacle avoidance ared5€m in half-width of the ROland 400 cm in
depth.

Start/ stop test button

View databy rolling the window

Button of data recordirig In unit of minute. Whemultiple clicks of the button within one

minutes, only the data of the ladick will be recorded.

Position of the nearest obstacle detected by LIDAR

Obstacle avoidance regiowith presence afin object as shown itfrig.4 above the software
will label the area between LIDAR and the obstaclthasafe zonavith coloring or elsethe
backgroundwill be white.

Running state

Singlepoint mode

glepoint mode is chosen, as showrFig.5 below, the softwarawill indicate the specific

positionof the obstacle in RO{Instruction:during the measurement afwideflat obstacle, the
output angle might be the angieany point on the object, becaube LIiDAR only outpus one

point.)
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Fig.5 lllustration ofSinglepoint Mode

4 Description on Line Sequence

Fig.6 Description on Line Sequen&ed- positive, Blacknegative, Green CANK White¢ CANL

Attention!

Current of power adapter shall be above 2A.

During energization of LIDAR, there is merely a slim chance of prolonged startiaglfim

LiDAR is not started after 2 minutes, it is recommended to disconnect the power supply and
reboot it.

§  After testing, please make sure to disconnect the power supply first.

< >

5 Installation Instruction

The front working surface of LIDAR should exceed or at least parallel tvémstallation platform,
seeFig. 7.

Therecommended mounting height of the LIDAR2Bcm.(The distance from the bottom of the
LIDAR to the ground)
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Fig.7 Recommendations on LiDAR Installation Position. The front working surface ofrLiBi&Rceed or at least be
parallel with the installation platform. Otherwise, there may be certain interference and influence the data accuracy.
6 Method of Center Calibration

1) There might be deflection of the LIDAR after in
ensur&r male warning and obstacle avoidance of the

2) As shdwi@cimncAd tamgl e obal it bmadofintowahreed cal i brati on
will beFis$gown in

BENEWAKE CE

COM: COMIE *  Mode Defaul -  FPS: 20 ROMdth(1/Z: 35  om ROIDepthi 40  em S0P [« singleposm DISTICM) DEG.C)
212 -3 &
212
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']

2

8
212 ra
212 2
212 -]
212 -3
212 3
212 3
hd 212 2
212 3
212 2
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Fig.8 Softwared0 Angle Calibratiahbutton
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Fig.9 lllustrationof Center Calibration Function. Specify the front direction and calibrate after installation. This operation
only changes the coordinates watht influencing the accuracy.

3) Put awi2decnwhite rod Xadhedet theiighgt anuls& mieo nf rheenitg ht
ot he ,rosbmgpty N3OA &®fdeéthec tRaebDdoRres gd lole ftlheec thivgeh obj
within the ROI

Fig.10lllustration of Center Calibratid@peration. Thex shall not be any obstacle in front area aramoving objects in

operation.
4) Press the calibration button after setting up en
5 Wait for 2 seconds for calibration. Di stance dat

resul tst ovi ¢l &®fter disconnecting the power suppl
7 Head Dissipation Component and Reference Design

In normal operation, the CE30 LIiDAR has an average heat power consumption of around 5W. As
shown below is the reference agsof heat dissipation component of CE30 LiDAR. Users have the
option to design heat dissipation component depending upon actual installation requirements and
application scenario.

Module mounting hole - Support

Heat sink

Axial fan

Fig.11 Optional Heat Dissipation Component
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8 Application Case
8.1 Accurate Crossing

Casel ROI width shall be same as robot width, ensuring accuratgsing

8.2 Detection of Low Obstacles

o) (@]
. //// R

g 585

Fig.12 An Application of Obstacle Avoidance Mode. Compar@®winglechannel scanning LIiDAR (as shown with red
line), CE3@\ can better avoid low obstacles on the ground.

9 TestlInstruction and Description

The instruction is to demonstratie propertiesof the CE30A. The test advice is shown through the
examples sucthat the users can get into use very quickly.

9.1 Accuracy and repeatability

Accuray is the deviation between the LIDAR measurements and the real value. And repeatability is
the fluctuationof multiple measurements.

Test method:

Page 9 www.benewake.com
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1) Setthesize of theROIto be 70*300cm Place a whiteboard at different positions, for
examples 100cm, 200cm and 300cm. Record the data and algae the fluctuation of the
multiple measurements during a period.Takel1lii and the value should be less than 3.

2) Set thesize of theROIto be 70*300cm From 100 400cm, place a whiteboard at every
10cm and read themeasured value. Compare the real value and the measured value. The
absolute difference should be less than 6cm

9.2 Detecting range

Bvaluateisthe detection range is consistent with theser setting.

9.2.1 Accuracy at ROl margin

To evaluate thedetection ability of the LIDAR at the ROl margin.
Test method:

Take a whiteboard of size dé®*40cm. Fom 10cm-300cm gradually move thevhiteboard into the
ROI regiorat every 20cmRecord the position where th&hiteboard is first detected inside the ROI,
and plot the detection region.

ROI accuracy @different positions
— T T T T T T T T

280

Disdance [cm]

20 g*
200 \
L

0 PR P
40-35-30 25 20-15-10 -5 0 5 10 15 20 25 30 35 40
RO width [em]

Fig.13Real ROI region. The left image is the real detected ROI. The right imageaiéhita¢ed result considering the
mounting error.

Page 10 www.benewake.com



\ ToFEEEIA & SLAMBRRSZE
< ToF LIDAR & SLAM Solution
Benewake

9.2.2 Nondetection zone

To evaluate thesize of the nordetection zone of the LiDAR shortrange.The evaluations again
two kinds of objects: plantype objects andsticktype objects.

1) Plane-type object: place the object parallel to the detection plane of the LiDARShift the
object closer to the LIDAR and the distance output is turning. Record the position of the
object when the output value is 8cm.Then shift the object closer to the LIDAR and the
output remains 8cm

2) Stick type object: shift the object horizontally in shott range and record the border of the
non- detection zone.

50

45 E

40 E

35 ail

30 - gl

25 - B

20 - i

Vertical distancgécm]

-35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35

Horizontal width [cm]

Fig.14 The performance of the LIiDAR in short rafidge yellow region is the natetectionzoneof the planetype object
and the grey region is the natetection zone of the stiefype object.

9.3 Theaccuracyof different materials

To evaluate thaletectiondifferenceof obstacles of different reflectivity.

Fig.15 Two obstacles with differémeflectivity to be evaluated.eft: whiteboard (reflectivity 90%). Right: blackboard
(reflectivity 10%)

Test method:

Page 11 www.benewake.com
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Move the obstaclédrom 10cm to 300cm at a step of 10@tongthe centralline of the LiDARnd
comparethe difference between the measures data and the real distance.

Measurement of different materials
350

w
o
o

= ]
u o u
o O O
\
\

o

o

\
\

Output data [cm]

[
o O
\
\

0 50 100 150 200 250 300 350
Real distance [cm]

— Real distance/cm ® Whiteboard Blackboard

Fig.16 Test result of different materials(example). The horizontad eefers to theeal distanceThe vertical axis is the
measured result of different materials, in cm.

It can ke sea thatthe LIiDAR can detect different materials at different positidrige accuracy of
different materials will be evaluated in the following

Accuracy of whiteboard

Accuracy [cm]

Real distance[cm]

Fig.17 Accuracy of whiteboard detection, in cm.

1The evaluation condition is under standard room temperature, without ambient light. When the LiDAR is operating for 20
mins, awhiteboard of 100*100cm with reflectivity 90% is pldda the centre of the FO%r evaluation. [ifferent angles
alsoleadto different maximum detection range.
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Accuracy of blackboard

100
120
140
150
160
170
180
190
200
210
220
230

-1.5

Accuracy [cm]
[\

-2.5

-3.5 _
Real distance[cm]

Fig.18 Accuracy of blackboard detection, in cm.

The followingable gives the reflectivity of different materials for reference.

Tablel The reflectivity ofommon materials

No. M aterial Reflectivity
1 Blacksponge 2.4%
2 Blackcloth 3%

3 Blackrubber 1%

4 Goal (depending on the type) 4~8%
5 Black car lacquer 5%

6 Black carton 10%

7 Opaque black plastic 14%

8 Jean rough wood 20%

9 newspaper 55%
10 Translucent plastic bottle 62%
11 Box cardboard 68%
12 Clean pine 70%
13 Opaque white plastic 87%
14 White carton 90%
15 Kodak standard whiteboard 100%
16 Unpolished white metal surface = 130%
17 Shiny lightcolored metal surface 150%
18 Stainless steel 200%
19 Reflector, reflective sticker >300%

9.4 Response time

The original refresh rate of the LIDAR is 20Hz. Hence the obstacle can be detected promptly.

Test method:

Page 13 www.benewake.com
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As the AGV moves, throw an object 1m in front of the AGVLID®R can instantly detect the
obstacles and report to the AGV.

9.5 Ambientlight
To evaluate the performance of the LIDAR under ambient lights outdoors.
Test method:

Read the strength of the ambient light with a ligheter. Move different obstales in front of the
LiDAR fronficm to400cm, and compare the difference between the measured data and the real
distances.

Measuring result @20klux
T T T T

an
o
o

T T T T
= —-— black 1
% 400 | === white "‘_,-" 7
g —
& 300 F - 1
0 -
4 ‘,a"
-

‘? 200 | s“"— 8
=]
w
@ 100 1
=

0 1 1 1 1 1 1 1 1

0 50 100 150 200 250 300 350 400 450

Real Dist [cm]

Measuring error @20klux
15 T T T T T T

T T
LY
— —-—black t"\ f‘
E ‘ 7\ ;N
5,10 | === white '/___/\,, “ " ', i
5 .f’l 1\, !
) —~ A4
o 9 ,' mm——— r.r 1
£ e ™, J“\ 4
5 —— AW N L
2 \ y \vl
§ 0r S’ ]
5 | | | | | | | |
0 50 100 150 200 250 300 350 400 450

Real Dist [em]

Fig.19. Under20kluxambient light outdoora
Upper themeasuring result of white board.Lower Measuringerror of white board.
9.6 Temperature
To evaluate the influence of the temperature on the performance of the LIDAR
Testmethod:

Place the LIiDAR different room temperaturesBEvaluate the measuring error of the LIDAR
different distances.

2The default evaluation condition is under standard room temperature. When the LiDAR is running for 20 mins, a
whiteboard of 100*100cm with refledtity 90% is placed in theentre of the FOYbr evaluation.

3 The default evaluation condition is without ambient light. When the LiDAR is running for 20 mins, a whiteboard of
100*100cm with refledwity 90%s placed in the centre of the F@M evaluation

Page 14 www.benewake.com
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9.7 Crosstalk

-2

-4

-6

Temp Drift
T

TOFEIEEIA & SLAMBRRSZZ
ToF LIDAR & SLAM Solution

temp -20~-10°C
temp -5~5°C
temp 5~10°C
temp 10~20°C
temp 20~30°C
temp 30~35°C
temp 35~40°C
temp 40~45°C
temp 45~50°C

100 150
Real Dist(cm)

Fig.20. Tempdrift of the LIDAR at different room temperatsre

Toevaluate the crosstalk between two LIDAR. From the test result, the crosstalk is the severest
when two LiDAR are looking at each other. Hence this crosstalk imaéaleen as the critical test

mode.

Test method:

Embed the IDAR within a box (to simulate the situation when the LiDAR is installed in a r8bbt).
the distance between two LIDAR as 1m and 2m, and record the crosstalk data.

Test result example:

Page 15

Fig.21. The LiDAR is embedded in a box for crosstalk test (installation example)
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Fig.22. The test result when two LIDAR are 2m from each other

Note: the anti-crosstalkalgorithm introducednight cause thelecrease of refresh rate, minimum
15fps

10 Influence Factors of Measurement
10.1 Multi Optical Path

Based on ToF LiDAR principléf there are multiple echo regions as shown in the figure betdne
working height of the radathe multipath phenom®@on will betriggered: the LiDARreceives the

light returned by the path 1 and the path 2 at the same time, which may result in mméagerement
value.

Path 2 Path 1

Fig.23 Multi optical path phenomenon

10.2 Stray Light

As shown below, Wwensolid-state ToF LIDAR is workingin additionto the light reflected by the
object 1, the lighscatteredy object 2 and objecttBat close to the LIDAR will enter the lens. Such
stray light can |l ead to a deviation of the objec

Page 16 www.benewake.com
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Object 1

Object 2
Object 3

Scaftered light

Scattered light

Fig.24 lllustrationof straylight

10.3 Multi Distance Objects
Object 2

Object 1

Fig.25 Multi distance objects

The lightradiated by th&iDAR is reflected by the obft onto thesensorf the LIDAR. If some

pixels receive signals from both front and rear obstacles at the same timatpilitedistance of this

pixel may be thevaluebetween the two obstacles. The degree of deviation is related to the distance
between the twobstaclesand the materla
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