AN

Benewake SJ-GU-CE30-C-03 AO1

CE30-C Solid State Array LiIDAR

Specification

Benewake (Beijing) Co., Ltd

Page 1 www.benewake.com K



vy

Benewake

SJ-GU-CE30-C-03 A0l

Table of Contents

1
2.
3.
4

10.
11.

Page 2

oL L T O D05 TS 2O TRR 3
Principle Of RANGZING .....cocviviiiiiiiiiiiiici e e e 4
OULPUL PEITOIMANCE .....oouviiiiiiiiiiiicic e 5
Detection Range DESCIIPLION ......ccucvuiiuiiiiiiiiiiiiiiiiiit s s e 6
o I =1 11 o 170 s <SR 6
4.2, DELECHION TANZE ..eeveeriertierieerteerteertterttesttesttessaesaeesatesutesatesasesabesabeeabeeaseeabeeabeeabeebeebe e beenbe e beenbe e beenbeesaeennes 7
4.3.  Reflectivity of Various MateTials ........c.cccevueriiriiriiiriiniieiteie ettt e b e b e e 7
ACCUTACY DIESCTIPIION .. ..eeuteeutietieitiertiesitenite ettt sttt st sat e st s bt st e bt et e et e e bt et e et e eabe e b e e b e ebe e be e beesbe e beenbeesbeennes 8
5.0 DETIIILION c.eitiiiiiiiiicctee e e s 8
5.2, Center of the Field of VIEW .....ccceiiiiiiiiiiiiiiciiicicc e 8
5.3, Edge of the FIeld Of VIEW...cceiiiiiiiiiiiiie ettt sttt sttt et 9
5.4.  Accuracy Spatial DiStrIDULION ...cccueervieriiiriieiieieeseeseeseese ettt st e s e b e s esbeesbeesbeennes 10
OULAOOT USES ...ttt sttt st s r e s r et e b s r e s bt e e e s bt s bt e st e n e s h e e ae et e n e sre e st ennesnesneennns 10
T8 DR LT A )T 113 10 4 S SUPUSRPPP 10
6.2, OULAOOT ACCUTACY .uveeureereeieerieerieerieesieesteesteesteesteesteesteesseesbeesbeesseesbeesbeesbeesseesseesseesseesseesseesseesseesseessesnnes 10
Interference BEtWEen CE30-CS ...c..uiiiiiiiiiiriiirienieesie sttt sttt sttt sttt e st e sbeesbeesbeesbtesbeesbeesaeesanesaeesatesanesanenas 12
7.1.  Interference When Face t0 FACE ........ccceviriiiiiiiiiicc e 12
7.2.  Interference When Parallel..........cccooieiiiiiiiiiie e e 12
Product DIMENSIONS ...c..eeuveriiiriiieieriisieetere sttt st sttt s e e r e s bt et en e s r e sre e e e n e sreeae e e e sreereennen 12
Aerial Socket INterface DESCIIPLION ..eevviiruieriiiriieitierieesee sttt sttt ettt st st st satesaeesaeesaeesatesaeesaeesanenas 13

OULPUL IIEETTACE 1.veeuveeieeieeie ettt ettt ettt s bt s bt b e e s b e s bt e s b e e s bt e sbe e sbeesbeesbeesbeesbeesbeesbeesbeesbeenbeenas 14

SOFEWATE DIESCIIPEION . c..eeuttetieteertiesttestt et sttt et et e st e st e st e et e e besabe s be e bt sabeeabeesbeebe e be e beenbeenbeenbeenbeenaeenas 14
11,1, SDK DESCIIPHION c.uveeutieutieieeieeteenteeritesteesteesteesteesteesbeesbeesteesseesaeesbeesbeesbeesbeesbeesseesssesueesssesseesseesseesseesseesns 14
11.2.  Resolution and FOV of SDK OULPUL ...c..eevuieriiiriiiniiiniierienie ettt sttt st sttt st saee i st ens 14
11.3. SDK OUIPUL DAL ..c.eiiiiiieiiiiiieceeereeeer ettt st s r e st eesr e sre s 16

www.benewake.com



vy

Benewake SJ-GU-CE30-C-03 A01

1. Product Overview

Feature
» Complete Solid-state LIDAR

Area array detecting

»  Wide horizontal FoV: >120°

»  Vertical FoV: 9°

»  Depth and point cloud mode

Table 1 CE30-C specification

Parameter’ Typical Value
Method Time of flight
Peak Wave Length 850nm
FoV? 132*9 degrees

320%*24 (device output)

Pixel Resolution )
660%24 (SDK output with no loss of FoV?)

Frame Rate 201ps
Response time 200ms
Ranging Resolution Icm

! Specific parameters may slightly differ due to the test environment and the test method. 20 minutes warm-up time and white board
with the reflectivity of 90% is used below as default. Please refer to section 4.3. Reflectivity of Various Materials.

2 The FoV is open for customization.

3 Please refer to section 11.2. Resolution and FoV of SDK Output.
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FoV’s center: 0.1-4m
Detection Range4
FoV’s edge: 0.1-2m

Accuracy’ <6cm

Repeatability (16)° <4cm

<3cm: =53%
<Scm: =85%
<8cm: =97%
<10cm: =98%

Error Distribution

Ambient Light Suppression ’ 60klux

Data Interface TCP

Operating Temperature 0-50°C

Storage Temperature -30~70C

Supply Voltage DC 12V 1V (=2A)
Power Consumption <6W

Dimensions 79*47*50mm
Enclosure Rating P65

Eye Safety Class EN 62471 Exempt
Weight 219g

2. Principle of Ranging

The ranging principle of CE30 is based on Time of Flight (TOF). The modulated near-infrared light is emitted from
CE30, which will be reflected by an object and received by CE30 again. CE30 calculates the phase difference and time
difference between the emitted and received light, which will be converted to the clearance of the shot scene.

4 Different reflectivity and different angles correspond to different detecting ranges. Please refer to section 4. Detection Range
Description. Typical value corresponds to the situation that detect directly white board with the reflectivity of 90%.

5 Refers to the mean error of a 24*24 pixels area and the real distance. Typical value corresponds to the situation that directly detect
white board with the reflectivity of 90%.

6 Refers to the standard deviation of the output values when directly detect white board with the reflectivity of 90%.

7 In case of usage under strong ambient light, the accuracy may slightly increase. Please refer to section 6. Outdoor Uses.
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Figure 1 Schematic of CE30-C detecting range

Figure 2 lllustration of CE30-C detection zone. Compared with single-line LIDAR, CE30 has a wider vertical FoV and
therefore the obstacles can be better recognized.

3. Output Performance

By default, CE30-C outputs a depth image and corresponding intensity data for each pixel in each measurement. Figure
3 shows the actual scene captured by normal grey-scale camera (upper), the same scene captured by CE30-C and showed
through depth image (middle), and the point cloud based on CE30-C’s depth image (bottom, from the observation direct
that a little higher than the CE30-C’s position).

Figure 3 Comparison of real situation (upper, captured by a grey camera), CE30-C’s depth image (middle) and CE30-C’s

cloud points (bottom)

Pixels receive the reflected infrared light within a field When the field contains infrared light reflected by far and near
objects at the same time, the output distance data will have greater error. Thus CE30-C’s embedded program will remove

. www.benewake.com
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this part of data and set the corresponding pixel output to zero, forming the depth map in Figure 3. This processing
causes the phenomenon that some object edges have no data, and leads to irregularities on the edges of detected objects.
Depth data measurement also use high dynamic range (HDR) technology to expand the measurement range. In the
CE30-C, the exposure time of each adjacent two pixel rows is set to different period. One is long and another is short:
pixels with longer exposure time can reliably measure distant objects, and overexposure happens when it measure
short-range objects; pixels with shorter exposure time can reliably detect objects in close range but will be
underexposure when it measure distant objects. Therefore, when measuring an object at a certain distance, generally only
one row of pixels in each adjacent two pixel rows has normal data output, forming the black stripe patterns of the depth
image shown in Figure 3.

4. Detection Range Description

4.1. Blind Zone

Blind Zone

Measurement Distance (cm)

0
30 25 20 -15 -10 -5 0 5 0. 15 20 25 30
Horizontal Width (cm)

Figure 4 Blind zone distribution (test with 90% reflectivity objects)
When detecting objects with high reflectivity, except for the CE30-C’s inherent blind zone of 0-10 cm, a blind zone as

shown in Figure 4 would appear. This is caused by the overexposure when objects’ reflected light is excessive. When the
detected object’s reflectivity is lower, the blind zone can become smaller.
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4.2. Detection range

The maximum detectable range is different in different area of field of view. The detectable area of a 90% reflectivity
object is shown in Figure 5.

CE30-C Detection Range

450

400 1
350
300
250
200 1

150

Measurement Distance(cm)

100 |

-250 -200 -150 -100 -50 0 50 100 150 200 250
Horizonal Width (cm)

Figure 5 Detectable area in front of CE30-C

4.3. Reflectivity of Various Materials

Table 2 Reflectivity of various materials

No. Material Reflectivity
1 Black foam rubber 2.4%

2 Black cloth 3%

3 Black rubber 4%

4 Coal (various type coal is different) 4~8%

5 Black car paint 5%

6 Black cardboard 10%

7 Opaque black plastic 14%

8 Clean rough wood 20%
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9 Newspaper 55%
10 Translucent plastic bottles 62%
11 Cardboard 68%
12 Clean pine 70%
13 Opaque white plastic 87%
14 White cardboard, white wall 90%
15 Kodak standard whiteboard 100%
16 Unpolished white metal surface 130%
17 Polished white metal surface 150%
18 Stainless steel 200%
19 Reflective panels, reflective stickers >300%

5. Accuracy Description

5.1. Definition

The accuracy is defined as the difference between the average value of a 24*24 pixels area in the center of the field of
view and the true distance value when detect a white board, whose reflectivity is 90%, under no ambient light condition.
The repeatability is defined as the standard deviation of the average value of a 24*24 pixels area in the center of the field
of view when detect a white board, whose reflectivity is 90%, under no ambient light condition.

Please refer to the Operation Manual for test details

5.2. Center of the Field of View

50 frames of data are recorded when detect a white board of 90% reflectivity. The data of 24*24 pixels area in the
center of the field of view is selected to calculate the accuracy and repeatability in the range of 35cm to 305cm. The
results are shown in Figure 6 and Figure 7. The selected area within 35cm contains part of overexposed blind zone, so

that the measurement error is larger.

Accuracy of the Center Field of View

Differnece (cm)
Podvprorvweruo
cNeoNoNoNoNoleolololNollo)

o o
oo

Distance (cm)

Figure 6 Accuracy of the center 24*24 pixels area
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Repeatability of the Center Field of View
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Figure 7 Repeatability if the center 24*24 pixels area

5.3. Edge of the Field of View

The edge area of the field of view is used to detect a white board of 90% reflectivity. 50 frames of data are recoded and
are used to calculate the accuracy and repeatability of the edge area of the field of view. The results are shown in Figure
8 and Figure 9.

Accuracy of the Edge

1.0
0.0
-1.0 25 35 45 15 125 135 145 155 165375 185 195 205 215 225 235 245
-2.0
-3.0
-4.0
-5.0
-6.0
-7.0
-8.0

Difference (cm)

Distance (cm)

Figure 8 Accuracy of the edge 24*24 pixels area

1o Repeatability of the Edge

3.5
3.0
25
2.0
1.5
1.0
0.5
0.0

Standard Deviation(cm)

25 35 45 55 65 75 85 95 105 115 125 135 145 155 165 175 185 195 205 215 225 235 245
Distance (cm)

Figure 9 Repeatability if the edge 24*24 pixels area
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5.4. Accuracy Spatial Distribution

To check the accuracy spatial distribution, 50 frames of data are recorded while using CE30-C to detect white wall (90%

reflectivity) in the distance of 100cm. The error between the average value of each pixel column and the true distance is

used to stand for accuracy, and the standard deviation of the average value of each pixel column between frames is used

to stand for repeatability.

Error of Each Pixel Column
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Figure 10 Accuracy spatial distribution when detect white wall in 100cm
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Figure 11 Repeatability spatial distribution when detect white wall in 100cm

6. Outdoor Uses

6.1. Test Conditions

When CE30-C is used in outdoor environment, due to the interference of ambient light, CE30-C’s close blind zone,

measurement error and standard deviation will increase. The test in this section is made under 30kLux ambient light.
CE30-C is placed back to the sun and detect the white board that has 90% reflectivity and is illuminated by sunlight.

6.2. Outdoor Accuracy

Begin in the distance of 15c¢m, 50 frames of data are recorded per 10cm. Followings are the results of the recorded data.

Page 10
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Outdoor Accuracy of the Center Field of View

10.0
5.0

0.0
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-10.0
-15.0
-20.0
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-30.0
-35.0

Difference (cm)

Distance (cm)

Figure 12 Outdoor accuracy of the center area of the field of view

Outdoor Repeatability of the Center Field of View

10.0
9.0
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Figure 13 Outdoor repeatability of the center area of the field of view

- Outdoor Accuracy of the Edge

10.0

15 25 35 45 55 65 75 85 95 10511512513514515516517518519520 5235245255265275285295305
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Difference (cm)

-40.0

-50.0
Distance (cm)

Figure 14 Outdoor accuracy of the edge of the field of view
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- Outdoor Repeatability of the Edge
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4.0

2.0

Standard Deviation (cm)

0.0
15 25 35 45 55 65 75 85 95 105115125135145155165175185195205215225235245255265275 285295305
Distance (cm)

Figure 15 Outdoor repeatability of the edge of the field of view

7. Interference Between CE30-Cs

7.1. Interference When Face to Face

When two CE30-Cs detect face to face, interface happens because all CE30-Cs’ detection light has the same wavelength.
It causes the increase of detection error.

When two CE30-Cs interfere with each other at the distance of 2m, about 11.4% of the output frames will show an
increase in detection error. The ratio increases as the two machines approach and decreases the two machines stay away

from each other.

7.2. Interference When Parallel

Parallel interference refers to the situation that two CE30-Cs are parallelly placed to detect the same direction. The
interference causes the detection error increases.

When two CE30-C are placed adjacent to each other at the same height, about 4.7% of the output frames will have an
increased detection error. When two CE30-Cs are placed at an angle, the area where interference occurs in one frame
will be reduced. When the included angle between two devices become larger, the interference will be smaller. When the

center axes of the two CE30-Cs are larger than 110 °. the interfere disappears.

8. Product Dimensions

The following images of the modules and the outline dimensional drawings are the reference design. The customization
based on customer demands and different application scenarios is available.
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1. Shell 2. Reception panel (working area, 3. Emitting panel (working area,
cannot be covered) cannot be covered)

4. Power/CANBUS port (M8 aerial 5. Ethernet port (M8 aerial socket) 6. Equipment installation hole (M3)

socket)

Figure 16 CE30-C outline drawing

9. Aerial Socket Interface Description

Female: Ethernet connector, aerial socket with 8 mm diameter.

Male: Power supply/CANBUS connector, aerial socket with 8 mm diameter.

Ethernet

Power supply/CANBUS

Figure 17 CE30-C aerial connection description

Pin Number Description
Power supply/CANBUS CAN_L

(unavailable)
CAN_H

2
(unavailable)
14 32 3 GND-
4 12V +

Figure 18 Power supply/CANBUS socket pin definition
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Ethernet Pin Number Description
- 1 ETH_RX_P
jej 2 ETH_RX_N
3 ETH_TX_P
e 4 ETH_TX_N

Figure 19 Ethernet socket pin definition

10. Output Interface

Ethernet interface is used in this LIDAR with standard TCP protocol. In the mainstream operating systems, no drive is
demanded.

11.Software Description

11.1.SDK Description

The LiDAR initialization and start-up, data acquisition and LiDAR turn-off can be achieved through SDK. For the
LiDAR application and development on the operating systems besides Linux, please refer to SDK source codes for
transplantation and development.

Table 3 SDK description

Software Description
Operating system Linux & Windows
Programming language C/C++
Data format 16-bit unsigned short int
Scope of the assignment 0-65535

Shared Object File (.so), Dynamic Link Library

LLSUIC (.dll) or integrate SDK source codes into programs

11.2.Resolution and FoV of SDK Output

Due to the wide-angle short focal length optical system, the image obtained by CE30-C has barrel distortion. The
algorithm in the SDK will calibrate the distortion. If the part of image is farther from the optical center, it will have the
larger distortion. Thus the calibration along the image’s long side will be more significant than that along the short side,
eventually resulting in the image’s aspect ratio changes when compare the calibrated image with the pre-calibration
image. The extent of calibration reflected in the image is the extent of the pixels’ stretching. When the stretching is too
large, the image becomes blurred. As shown in Figure 20, the upper photograph is taken by the wide-angle lens and the
bottom is the same image calibrated by algorithm. The edge area becomes blurred after calibration due to stretching. The
output resolution can be set in the SDK.

. www.benewake.com
age 14



vy

Benewake SJ-GU-CE30-C-03 AO1

Figure 20 Photograph taken by the wide-angle lens (upper) and its calibrated result (bottom)

In the CE30-C, the LiDAR’s direct output has an image resolution of 320 * 24 and the field of view of 132*9 °. After the
calibration of SDK, the resolution has to be set to 660 * 24 to retain the field of view of 132 * 9 °,
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11.3.SDK Output Data

0(0, 0)

> X-axis
(1,00 (20 (.0
(21) (..1)
(-2)
Y -axis

Figure 21 lllustration of data sequence

A frame of depth data is outputted from the SDK with the resolution that have been set. The data is arranged in form of
one-dimensional array. The sequence is from left to right and top to bottom, and the pixel in the upper left corner of the
image is the origin point. Output along X axis, then Y axis, the following output sequence will be generated as shown in
the figure above:

(X,Y) : (0,0) (1,0) (2,0) (...,0) ... (0,1) (1,1) (2,1) (.0s1) .. (0,2) (1,2) (2.2) (-0.2) oo (00..) (1,0) 2ra) (ovyer) oo

The values indicate the distances from detected object to the plane of camera, it is expressed in cm by each pixel through
the data format of 16-bit unsigned short int.

Please refer to the Operation Manual for details
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