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From Sensors to Knowledge

Measurement devices

Point cloud computing &
Data integration
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COMBAT - Teknologiamurros Tavoitteenamme on 3D-Suomi

Toimiakseen turvallisesti itseohjautuvat autot
tarvitsevat valtavasti tietoa ymparistostaan.

Pistepilvilla digitalisoi

Yhdistamalld ilmasta ja maasta mitattua UAV-aineistoa, laserkeilausta ja
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TANAAN Lentopalloa: Perungan Pojat - Kokkolan Tiikerit

Karpalo, intiaanikukkula ja pelottava
J-mutka — tallaisia ovat Lahden
ikoniset kisareitit 3D-mallinnuksina
Laserkeilauksen huippuyksikkd, Aalto-yliopisto ja Maanmittauslaitoksen

Paikkatietokeskus tuottivat Lahden MM-laduista 3D-mallinnukset, joilla
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Forecast

e Fully autonomous cars are expected to be on the road by 2030.

* Once technological and regulatory issues have been resolved, up to
15 percent of new cars sold in 2030 could be fully autonomous.

e According to the consultants, autonomous driving will have an
estimated market size of $40 to S60 billion from new hardware and
software by 2030. Of which some $30 to $40 billion will be generated
by the sales of autonomous driving hardware components, such as
cameras, sensors and communication systems, and an additional $10
to S20 billion by the sale of advanced software and related services,
such as high accuracy mapping and prediction & decision algorithmes.
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Topics of my presentation

FGI Autonomous Driving

Autonomous Driving as Big Data
Autonomous Collection of Road Quality
Automation of Road Environment
Maps needed by autonomous
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Technology in Autonomous Driving

* Remote Sensing Sensors

Lidar, cameras, GNSS, IMU

Point Cloud Procesing
Miniaturization of Sensors

20 years evolution in Remote Sensing
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Own Robot Vision
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Research Platform 12
Ford Mondeo Hybrid 2017
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Sensor setup

Cameras

Lidars

1 x Velodyne Ultra Puck VLP-32C located in the center
of the roof

e 32 Channels (32 points vertically)
* Upto 200m Range
e Upto ~1.2 Million Points per Second

e +15°to -25° Vertical FOV (non-linearly
distributed)

e 360° Horizontal FOV
e rotationrate5-20Hz
e wavelength 903 nm

4 x Velodyne Puck VLP-16 located in the corners of the

roof
* Dual Returns
e 16 Channels (16 points vertically)
* 100m Range
* Up to 600,000 Points per Second
* 360° Horizontal FOV
e +15° Vertical FOV
* rotation rate 5 - 20 Hz

* wavelength 903 nm -

@
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e 2 xIDS UI-3060CP Rev. 2 Monochrome, directed to
front, located at the windscreen

e USB 3.0, CMOS, Global Shutter

* Frame rate 166 fps, Resolution 1936 x 1216, 2.35
Mpix

e Sensor Size 1/1.2% Pixel size 5.9 um

* 2 x Chameleon3 5.0 MP Color USB3 Vision (Sony
IMX264), directed front, located at the windscreen

e USB 3.1 Gen 1, CMOS, Global shutter

* Frame Rate 35 FPS, Resolution 2448 x 2048, 5.0
Mpix

e Sensor Size 2/3“ Pixel Size 3.45 um

® 1 x Chameleon3 5.0 MP Mono USB3 Vision (Sony
IMX264), directed front, located at the windscreen

e USB3.1Gen 1, CMOS, Global shutter

* Frame Rate 35 FPS, Resolution 2448 x 2048, 5.0
Mpix

e Sensor Size 2/3“ Pixel Size 3.45 um
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More Sensors ... 14
Radars GNSS + INS

* 1 x Delphi ESR2.5 located in the front of the vehicle ®* 1xSPAN-IGM-S1
GPS, GLONASS, SBAS and RTK support
Serial, USB, CAN and Multi I/O
SPAN SYSTEM PERFORMANCE
® Horizontal Position Accuracy (RMS)
* Single point L1/L2 1.2 m
* NovAtel CORRECT™

* Integrated 3-Axes Accelerometer

* Simultaneous long- and mid-range functionality
* Mid-Range (60m): £ 45 deg

* Long-Range (174m): £ 10 deg

e update rate 20 Hz

e 76 GHz
® SBAS60cm, DGPS40cm, RTK1cm+ 1 ppm
® 2 x Delpi SRR2 located in the tail corners of the vehicle e Data Rates
e 76GHz * GNSS measurement and position, 20 Hz
* Range0.5to 80 m ®* |IMU measurement, 125 Hz, INS solution, Up to 125 Hz
e Horizontal FOV +/- 75 deg ®* Max Velocity 515 m/s, Time Accuracy 20 ns RMS
* \Vertical FOV +/- 5 deg * IMU PERFORMANCE
e update rate 20 Hz ® Gyroscope Performance
* |Input range 400 deg/sec
® Rate bias stability 0.5 deg/h
Sonars * Angular random walk 0.15 deg/Vhr
® Accelerometer Performance
12 x Ford Mondeo Integrated Sonar device * Range+l0g
Range 0to3 m ® Bias stability 0.05 mg
Each corner has three sonars, one in the corner and * Velocity random walk 0.06 m/s/vhr
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Ultimate goal for sensor coverage

* To achieve full 360 degrees coverage from variety of sensors:
* 5 LiDARs,
e 1 for each corner (VLP16)
* 1inthe center (VLP32)
* 8 Cameras
* 3 Forward
* 2 0n the sides
* 2 Rear Side
* 1 Backwards
* 3 Radars
e 1 forwards
° 2rearside
* 12 Sonars around the vehicle
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Examples from Silicon
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Coming Big Data

Real-time data
processing

Real-time data
" processing
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TEKMNOLOGIAMURROKSET

likkuwvalla laserkeilauksella kerdtty pistepilvi Lahdesta Sibelinstalon kohdalta. Pistepilvi on kerdtty Paikkatietokeskuksen
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@  Point cloud
| === ==Database
= == Extracted line segments

Map Updating

The algorithm has detected (part of) the
walls of the new building (red dashed lines)
that was built in the place of the old
demolished building (blue dashed lines).
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Car parks

(o] 5 10 Metres
1 |

Figure. a) Part of the street Espoonlahdenkatu as recorded on the reference video during data acquisition Drive 1. b)
Raster representation of the car-based laser scanner data. The pixel value of each 0.3 m x 0.3 m cell corresponds to
the number of laser points inside the cell. Parked cars appear as L shaped clusters of bright pixels.
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Figure x. Data (left) and classification results (right) for Drives 1 (upper row) and 2 (lower row). Parking
places classified as free are shown in green and parking places classified as occupied are shown in red.
Digitized boundaries of the parking places are shown in yellow.
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Measurement set up
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Velodyne VLP-16
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Kuva. Pituus- ja poikkisuuntaiset
halkeamat seka rikkonainen
paallystealue tien reunassa ovat
havaittavissa rinnevarjostetusta
pistepilviaineistosta.




Conclusion for damage assessment

e Damages are visible by three different mechanisms: 1) height
difference, 2) lower intensity, 3) gap in the data (no reflection)

e Should be based on georerenced data, not the profiles
e High quality MLS data needed: 90% of damages detected
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Autonomation of Road Environment

Autonomous Collection of Forest Field Reference—The Outlook and a First Step with UAV Laser
Scanning A Jaakkola, J Hyyppa, X Yu, A Kukko, H Kaartinen, X Liang, H Hyyppa, Remote Sensing 9
(8), 785
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Maps needed by autonomous

e Digital, physical for humans

e Support for autonomous Positioning

e Support Navigation

e Support Target Identification

* NLS FGI Role - National HD Map — a point cloud
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US Spin-off
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