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Single-photon LIDAR technology: how it is creating the future of large-area survey

BRXFRATRIERAR: NS AERXBAINE

* What is single-photon technology?

 Why is it unique?

* How does it compare to conventional linear-mode lidar technology?
« What can be accomplished with it?

* Where has is been used?

* FARBITFHRAR?

« AAREXRARE?

- SRGEMHCEERLEFAARE?
© BT REBSLIMTA?

© BETSFHTMRLL St ?

- f‘ HEXAGON



.

Breaking down airborne LIDAR into constituent technologies

BT LTI SHEAR

« Detection methodology
M 75 5%

« Rangefinding methodology
M BT 7%

» Detector massing
RN 2S5 45

AR ZI==H

« Scanning method
AR

& 88
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Detection method is what distinguishes single-photon from other LIDAR

BRAFSHEABEERARERNGTN ERXA

* Linear-mode (conventional) =» the more photons that come back, the J\
stronger the indicated return signal (i.e., intensity proportional to reflectivity)  _ >

o MRN (B : BERCETES, ERESHE CRESRERIEL)

» Single-photon = like linear-mode, but with much higher amplification and *
lower laser outputs required

o BT SEMRAEN, BEERFEESHBMARULERAHCHL -

» Geiger-mode = very little laser output required, but “probabilistic” detection #* @ I
(...if one photon hits the detector, you might get a detection... but then the
detector has to be “quenched” before the next laser shot is fired; accumulate

data from many shots to pull target range out of noise) @ | maybe?
. :

- ERRIEN: ERRECCHL, ERUBREN (BIX— N FHIERN IR,
HRE—MEMNES, BEREET—RALLHZH, XMRNFIHEBE—
EETE]; B 2R EBIERR, WERAREEDRX IR

= B E
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Why is single-photon technology unique?

AT LABHFBEAREEXARE?

« Single-Photon Avalanche Diode (SPAD) detectors
are far more sensitive than Avalanche Photo Diode
(APD) detectors used in linear-mode LIDAR systems

« BNXTFHWEREZRE (SPAD) HMZFELL& ML
FHIEPHEREEZRE (APD) HRNFZEIBHZ

» Less laser output required for detection of a target

o N—1BiRRENE L E D

« Output from a single laser pulse can be split to
illuminate multiple locations on the ground, each
illuminating an individual detector element

o A BoRt Rz B R IR Ry IR R T b
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Sensitivity of single-photon put into perspective: at 4000m AGL
4000m AGLT, BEFHREE

- SPL100 (single-photon) SPL100 (E%F) « TerrainMapper (linear-mode)  TerrainMapper (&%)
- 5 watt laser output SEAFAEH L * 20 watt laser output 20 EL A
Effective pulse rate 5000 kHz ~ B BkH55iZ 5000 kHz * Effective pulse rate 500 kHz AP HSRZE 500 kHz

* Single-photon technology delivers 10x
the effective pulse rate of linear-mode
systems, with Y4 the laser output!

« HHEEZMEEEEILR, BATRARFEN
BloRsi R T 1015, BEDCHEE I
RNELMEHEERLA !

= W W
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How do single-photon and linear-mode technologies compare?

WML B F AR MZR M FR ?

» A brief look at performance parameters of representative systems
o EELER—THBN~REESH

SPL100 | TerrainMapper

Effective pulse rate (kHz @ 4000m AGL) 5000 500
Effective pulse rate (kHz @ 2000m AGL) 6000 2000
Accuracy (RMSEz, cm) 6-10 <3-5
Intensity data (dynamic range, bits) ~4 14

BHBKHSHZER (kHz @ 4000m AGL) 5000 500
BXBKOHINZE (kHz @ 2000m AGL) 6000 2000
¥ E (RMSEz, cm) 6-10 <3-5
9B EHIE BASSEE, EEtF) ~4 14
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Topographic LIDAR Products: Where do they all fit?
WA EEmEEE A THLSmE?
5500 m AGL

5000 m AGL

4500 m AGL
Upgrade path

»
3500 m AGL

2500 m AGL Upgrade path

»
1600 m AGL

SPL100 TerrainMapper  CityMapper ALS80-CM ALS80-HP ALS80-UP

~ Single Photon LIDAR Linear-mode LIDAR

Points/m? @ 200 kts 8.5 0.6 4.0 1.8 0.4 0.3

Ground level

9 Confidential
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How to employ single-photon technology: market segmentation

WA ERH BAFRAR: WA

* Light Blue = can only be satisfied by linear-mode systems

« Green = can be satisfied single-photon technology Hiah
« Dark Blue = can be satisfied by either system, but may not be 9
the best use of capital for SPL technology
« RIER = Rtk MRAN RS
. i‘é = BEBIE B B FHROR Fidelity
« RER = RmERN—1TERS, BEXNTSPLEARGEANERETIR required
*EE
HYZEK
» Single-photon technology is best used for data acquisition
where higher point densities are required over very large areas Low
v

(provincial to continental scale)

« BRATFRARBEEHTEREERK, KERXEHHERE (M
RNE R B KA)

High High

Jobsize I1k=

Mobilization
% (# of points) BIK/)M

costs

Low Low

= B E
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Where is single-photon technology being used?

FE MR L 75 T AT LAE F B S F ok

Project Location Total Area (km?) Point DenS|ty Application
GiE#S BER (pomts/mz) HRA

Northwest USA <70 H|gh Density point cloud (20+ pts/m2) over forested area for: tree height, inventory models, efficiency of collection
BES RGN : MASE., EFRE, WEME
Finland (FGI/MML) ~220 >8, >35 Four areas have been targeted by NLS Finland and the Finnish Geodetic Institute, Espoo, Helsinki, Evo, and Lahti for

evaluation of SPL data at 8, 35 and "extreme" points per square meter and one area, Akaa, at 8 points per square meter.
XA X#IT T SPLEHEITM,, BFEHAKS, 351 =
VA, WV, PA USA 1350 >20 Foliage penetration #{it+ZFiE

MN USA 2939 >12 Forest inventory which will be used to update regional forest cover type maps and to evaluate forest conditions and trends for
timber production, wildlife habitat, forest health, water quality, etc. This data will also be used by non DNR citizens, scientists,
forest land owners and land managers
ARBERATEMXERMBEXEME, WEFMRAFAMER, FENPESH, FHER, KEFHEMES. IF
DNRAR. BFR. RKLHIAEF T EIERE 1% AX L iz

Navarra, Spain 10850 >11 Base mapping EAtiF|E
Ontario, Canada 75000 (1%t year, all 25 Forest inventory #x#FiAZE
years >450000)
Southern US 2203 >45 Power line mapping for asset vegetation management E 4%, 1E#ESZEIE
Hawaii USA 10442 8 USGS 3D elevation mapping program USGS=4i 5i2#IEiEF
South Dakota USA 10218 8 USGS 3D elevation mapping program USGS=#S12#| B2
UK (OSGB) 500 >20 National mapping / high-density urban [E SN/ = 25 B 3 23R 3K BN
Sweden 7184 >20 Land mapping (mun|C|paI|t|es) forestry (University of Agriculture) at high point density T#illze . == ZEM
Norway Pilot N/A National Height Model EIZREiZEE!
Denmark (Copenhagen) Pilot N/A National Height Model/ Hydro (Ministry of Energy, Utilities and Climate — Agency for Data Supply and Efficiency — SDFE)
=ERE (FEFER. REERER)
Netherlands (HWH) Pilot N/A Dutch national height model & =EZRSERE
Germany (BKG and Pilot N/A National mapping [E M4
Riverian Administration)
Austria (OBB Pilot N/A Railway mapping k&Nl
Infrastructure)

Austria (City of Vienna) Pilot N/A High-density mapping =Z%E S =il



Capture & deliver dense LIDAR & Imagery
i & SR ESERNHABEMSBHFR

Color by elevation

55 Guck T Mkt (1541 0641 043 - finad smosth g

e ER jpon fwor Jetwes Aeals Quply  Comel Mages tielp Pugin
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Capture & deliver dense LIDAR & Imagery
e & SEMEERNRCE T IEFSBMRSR

Gray-scale by intensity for enhanced classification
mE RN, EmTE

55 ok Tama Moder 4] (41 VA4S - Pmad.smosth wpinon]
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Capture & deliver dense LIDAR & Imagery
i & SR ESERNHABEMSBHFR

Natural color point cloud for easy object identification

RLER, TS

T3 Gk Tamae Madeber (U5A] 0041 V04 - [nad_smosth,_sigue o]
fle Ot jopon Fport Tetues Ak Duply Comvel Maqen Help Pugn

HOoGHAXEI@QSs (gl dfTec i 0bo@cdR- | =100
;‘ ; 3% s
& Modes

......
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Capture & deliver dense LIDAR & Imagery
i & SR ESERNHABEMSBHFR

False-color infrared for vegetation classification

MmFEERTEWE
ﬂmwuﬂum{mm-wxm«.
HOoGHAX ST @Q@RS  [dr~Ed e i 0beo@cdR- | =100
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Forest penetration benefits from multi-return capability and obligue scanning

AU FIEENSETZEREAFMMFELEN
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SPL100 ground return rates similar to linear-mode LIDAR

SPL100 'ﬁf&'ri}%flﬁ'éﬁﬁdﬁwﬂ’]tmﬁf” M EE 77

Petawawa research forest, Ontario, Canada -+ Petawawafxtkifzs, TABE, MEKX
Mixed species (~60% pine, 40% hardwood) « SE&®FH (~60%FAHK, 40%AEK)

SPL100in 2018 « 20184 SPL100
Flying height AGL: 12,000’ s 12,000
Pulse rate: 50kHz BAsnER:  50kHz
Scan rate: 20Hz FAmE: 20Hz
FOV: (30 deg FOV) inf: (30° FOV)
Speed: ~170 knots fiE: ~170 %5
Density (50% side overlap) 25/m?2 BEE (50% EE) 25/m?2
Ground hits this area: 2983 points i’@i‘%)ﬂ—i: 2983 points
ALS in 2012 « 20124EALS
Point density: 15/m? REE: 15/m2
Ground hits this area: 1858 points 3R & 1858 points
SPL gives 1.66x the point density on the « SPL1003x Bl 7 = %5 FE AALSEIHER 1.6613
tree crowns « SPL1003kEUHhZR =25 HALSEIRAY1.6015

SPL gives 1.60x the point density on the
forest floor

= W W
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Automatic range gate allows accommodation of large height variations

BT 5 A B K TE R 25 35 o PR
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Leica RealTerrain: Single Photon LIDAR (SPL) with a highly-efficient workflow
fRFRealTerrain: BXFHNX T IE(SPL) 5SEB XN TIERIE

RealTerrain

INTENSITY
B ELEVATION
048 RGB

CIR

* Leica SPL100 * HxMap Software

= B E
20 Confidential ~ HEXAGON




Summary

21

—

SPL100 is a proven technology for efficient large-area
LIDAR data acquisition

« Targets acquisition >30,000 km? for maximum efficiency

* Readily meets USGS QL 1 specifications (8 points/m?, 10 cm
RMSE,))

« HxMap workflow provides processing power needed for 6.0M
points/second data volumes

SPL100 is suitable for a wide variety of applications
« General-purpose mapping

* Flood-plain mapping where tree cover interferes ability to see
ground

» Forestry application where tree details and forest penetration
are important

« Power distribution network vegetation management

Single-photon LIDAR does not replace conventional
LIDAR for some application

*  Where highest data fidelity is required

Confidential

.

SPLIOOR AHIRE R = EENF
B RKXMERAIRE >30,000 #th4g

DA AR

2N E USGS QL 1 #3E (8 points/m2, 10 cm RMSE,)
HxMap TAERA 6.0Mm/Fb BIEHEIRME T Er R HIL TR BE

SPL100 &R F T 7z HY M B Sl
@A TAE
T Hh s R Hh T SR Y

PRl R FH AR AR AT RN R B AR H B RE

FE I 4R AR 1 T
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