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TerrainMapper: breakthrough
airborne LIDAR technology
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How airborne tci)£%gra hic LIDAR has develolp%ed to meet ever-changing needs
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 Historical perspective and the ALS-series LIDAR products

 Introduction to TerrainMapper

» Performance and benefits of the TerrainMapper sensor

» Performance and benefits of the HxMap workflow

 Recommendations for employing the latest linear-mode LIiDAR technology
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History of productivit ijn;%ovement In airborne topographic LIDAR
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Driver is reduced cost per data point

Data acquisition (flight operations) cost is key
contributor

More points/second = lower flying costs

Therefore, effective pulse rate is a good measure of
productivity

Effective pulse rates have doubled every ~2.6 years
R2 =0.9825!!

During this same time, accuracies have improved
from ~30cm to as good as 3cm!!!

PEAR BN HIE S B AR AR T

HIEXRE (IT) BFE/RK
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R2 = 0.9825!!!

EIRt, HBEKEHBMA~30cmBHE3cm! ! !
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Maximum Effective Pulse Rate (Hz)

Key innovations alongjthe WaYEdrive system productivity

RGN IETHERZY
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1,000,000 2 Single-photon technology

1 A \ Linear-mode technology (ALS-series)
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Gated MPIA: a major limitation

HNESEREIFMPIA: EAMHEBE

« Think of MPiA zones as “rings” or “bands” of operation

* In gated MPIA systems, each MPIA zone consists of two
components

“‘Dead zone” (“DZn” in illustration) where system is “blind” while
laser fires

“nPiA”, representing ranges from the nth pulse in the air

« The challenge: all range variations must be
accommodated within a single MPIA zone, and these
variations are caused by:

Planning DEM inaccuracies
Real-time GNSS navigation error
Pilot’s inability to stay perfectly “on line”

Increases in slant range (even on flat terrain) from nadir to
FOV edge

Terrain elevation variation within the FOV
« Example at right from ALS-series instrument @ 250 kHz
Each MPIA zone is 600m range, but

“‘Dead zone” is ~200m “thick”, leaving only 600 m to
accommodate all the variations described above

At 2.0 MHz, each MPIA zone is only ~75m “thick”!
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Gateless MPIA: solving challenges in creating a hi rllﬁ)ulse-rate system

FMEESEERFIFIMPIA: fRR T HIE SRR SRE L

U

Eliminating “dead zones”: Receiver must be able see
return signals even when laser is firing

Ambiguity resolution: Must be able to determine
which return pulse comes from which laser shot

Atmospheric backscatter: Must be able to
differentiate atmospheric backscatter returns from
real target returns

+ Backscatter otherwise gets blended with real targets and
becomes difficult-to-filter near-ground noise

Faster pulse rate = smaller MPIA zones

+ Terrain variation and building/tree heights can easily span
multiple zones

* In urban environments, “zone skipping” can occur =
return pulses from building tops in MPiA zone n, while
returns from next lase shot are on roadway, in zone n+2
or n+3. Simple tracking algorithms are not enough.

Additional challenge: Fast pulse rates demand fast
scan rates

+ Keeps point spacing similar in along-track and cross-track
directions

+ Combination of higher flying heights and fast scan rates
results in focal spot wander that must be dealt with
7 Confidential
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TerrainMapper: New generation linear-mode LIDAR A
TerrainMapper: F—R&MHIEIA e —

NADIR Camera
TerrainMapper brings the ALS portfolio into a completely new generation e« 80MP

LiDAR sensor based heavily on CityMapper LIiDAR development, but with materially « RGB+NIR
improved capability « 80 mm or 50 mm
Pulse rate to 2.0 MHz @ 2000 m AGL lens

Flying height to 5500 m AGL

Cylindrical design adapted for installation in the Leica PAV100 stabilised mount

Available in two different variants
TerrainMapper-L: LIDAR only
TerrainMapper-LN: LIDAR + NADIR RGBN camera

Most flexible and best performing linear-mode LIDAR

TerrainMapperi$ALS= @4k 5| A& #1ATHE
AAFZET CityMappertft %, B8 T EEZ/HEERFA
Bk H5RZ2.0MHZ@2000mAGL

fif = =i%5500mAGL LiDAR
EHEH SR HEF k- EPAVI00REIZRAE F A R % © 2MHz"
L NG « All terrain

TerrainMapper-L: {8588 * 300 mto 5500 m AGL
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TerrainMapper: Unique performance
TerrainMapper: JB—FE_RI%ERE

Highest collection efficiency among linear mode
LiDAR: collection rate up to 2 MHz

Capable over all terrain with gateless MPIA

Capable of handling reflections from up to 35 MPIA
zones simultaneously

Easily handles the most complex terrain, from urban
mapping to mountanous areas, delivering a seamless
dataset over huge terrain height variations, all without
reducing pulse rates

Most flexible for all LIDAR applications

Flying heights from 300 m to >5,500 m AGL

Remarkable sensitivity allows collection rates of
USGS QLO data, (8 pps, <5 cm RMSE,) at up to 500
km? / hour

Outstanding accuracy

Full waveform LIDAR system with on-board real-time
waveform-to-range processing

Capable of extracting of up to 15 returns per oubound
LiDAR pulse, with a minimum return separation of less
than 50 cm

LiDAR waveform attributes stored with all data, full
waveforms at downsampled rates optional
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Note details on vertical surfaces
and on fine structures (cranes)
provided by oblique scan pattern

AEMmER GEEN) A7,
SmTmEHImE

T—'rankfurt Germany fused eIevatIOn and |nten3|ty data
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Constant Density Mode: Terrainl\/lapPer exclusivel!
{BESBREER: TerrainMapperii g !

Constant PRF mode

Uses constant PRF everywhere in scan
Cross-track spacing gets smaller toward FOV edge

Density lowest at nadir and highest at FOV edges (note
denser red color in graphic)

Constant density mode

Uses same PRF as constant PRF mode at nadir, but
reduces PRF approaching FOV edge

Cross-track spacing stays near constant across FOV

Density stays constant approaching FOV edge (note
consistent color in graphic)

Benefits

13

Full swath with same density as at nadir, but with ~35%
fewer points than in constant PRF mode

e Less data to store
* Less data to process

Filtering and classification algorithms work best with
minimal variations in point density
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Use cases for constant PRF and constant density modes

{EE Bk AR MNEE R B EEN N AR5

« Use constant PRF mode if using high side overlap « Use constant density mode if using low side overlap
(>50%) (<50%)
« Low density in nadir area filled in by high-density edges of « Even density and more regular point distribution may help
adjacent flight line filtering algorithms

 Maximizes overall density * Reduced data volume
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Robust ated MPIA allows extreme pulse rates in extreme terrain
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7 MPIA zones are contained in this section
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Small minimum vertical separatio
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« TerrainMapper can differentiate targets with
<0.5m vertical separation

* Enhances tree canopy detail
 Differentiation of closely-spaced power lines

« Enabling technologies
« Short-pulse-width laser
+ Fast digitizer

« TerrainMappergE % 9 #im 2= <0.5mAi B Fr
- BN EHET
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40m thick section, class and intensity. Note
differences between conifer (left) and
deciduous (right) trees. Note also visibility of
tree stems.
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Fused class and intensity data

K S FN38 R E R -

TN
17 Confidential (‘ ‘ HEXAGON




Note detail on vertical structures
(insulators, tower components) provided
by oblique scan pattern, combined with

small minimum vertical separation

"’ , Goetzis, Austria, fused elevation and intensity data

Bt F|, Goetzis, SiZFEEHIE
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TerrainMapper Calibration Results: 2 overlapping flight lines @ 1,000 m AGL 4
TerrainMapperl@RER: 2FEEALZ@1000mAGL ResiTerrsin

M003_1000C_vs_MO004_1000C

392882 valid patches with size of 2 m found. Only patches with standard deviation < 0.05 m and minimum of 5 points are
included.

Color Limits [m] Number of patches Proportion of total number of
patches [%]

==0.03 391084

99.5% of patches
have vertical
match within 3
cm/99.5%RYR
SiEIRZE<3cm

0.03-0.05 1830

0.05-0.1
=01 12 0.00

Vertical difference

= W W
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TerrainMapper Calibration Results: 2 overlapping flight lines @ 2,000 m AGL 4
TerrainMapperl@RER: 2FEEAL@2000mAGL ResiTerrsin

HO01_2000C_vs_HO002_2000C

1387325 valid patches with size of 2 m found. Only patches with standard deviation < 0.05 m and minimum of 5 points are

included.

Color Limits [m] Number of patches Proportion of total number of
patches [%]

1343186

<=0.03

96.8 % of patches
have vertical
match within 3

33 000 cm/ 96.8% IR A
SFEiRZE<3cm

41780

0.03-0.05

2326

0.05-0.1
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TerrainMapper: Optimal tool for regional mapping projects
TerrainMapper : Aﬁﬁiﬁ!ﬂiﬂ‘]?ﬂilé “‘.ﬁ’“

Highest efficiency
* Upto 2 MHz measurement rate

+ USGS QLO data (8 points/m?, <5cm RMSEz) @ up to
500 square km / hour

Highest accuracy
+ <5cm RMSEz @ 2,000 m (6,500 ft) AGL

Any terrain
* Seamless data from up to 35 simultanious MPiA zones

Even point distribution

+ Eliminating point density variation between center and
edges of scan

+ Stabilized mount elminates flight trajectory deviations
The flexibility to capture any LIDAR project
300 m-5,500 m AGL

* Variable FOV

* High scan rates regardless of FOV
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SN
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Efficient multisensor workflow =M Z 1R SR FANE
+ Highest data throughput in a production environment . BRENMBBUIR4LEFT
+ The tools you need: calibration, quality control, o IRHINEE. B BR. ERNBELRTERERE
colorisation and end product generation = ( i BHf B
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