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Presentation outline

1. Hardware Components

2. System Calibration
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Objectives of this workshop

Provide the participant with an overview of the various LIDAR technologies available for
purchase in the market today

= primarily intended as an overview of currently-marketed systems

= limited technical discussion of proprietary systems currently in use

Provide the participant with insights into the LIDAR design process

Provide appreciation for how currently-available systems evolved

Highlight principles of operation and technical differences between systems currently in use
Focus on the technical approaches used and the resulting performance characteristics
Discuss major subsystems within a typical LIDAR device

Technical trade-offs

= various subsystem technology options

» within individual subsystem technologies
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Typical LIDAR technology implementation
scanning, ranging, aircraft position and attitude
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Major subsystems

Position measurement
Orientation measurement
Range measurement
Scan actuation

Scan angle measurement

External interfaces
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Position measurement subsystem
available options

Vendors

= Leica (part of IPAS)

= Trimble/Applanix (part of POS)
= NovAtel (part of SPAN)

* |Gl (connected to AeroControl)
Receiver technologies

= GPS

= GLONAS

Correction technologies

= Post processed

= Using one or more base stations
= PPP

=  Real-time correction

] Via satellite broadcast

=  Via uplink from ground station
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Orientation measurement subsystem
available options

Vendors

. Leica (part of IPAS)

. Trimble/Applanix (part of POS)
. NovAtel (part of SPAN)

= IGI (connected to AeroControl)
IMU technologies

. MEMS (e.g., ISI ISIS, Systron Donner) — generally very small,
less expensive, but low accuracy and rapid drift

. Fiber optic gyro (e.g., Northrop Grumman LN-200) —
compact, rugged, high accuracy, low drift

" Dry-tuned gyro (e.g., ISI AIMU, Sagem) — medium size,
somewhat sensitive mechanics, high accuracy, low drift

= Ring laser gyro (e.g., Honywell ulRS) - largest size and cost,
highest accuracy, lowest drift

Related technologies — “tightly coupled” GNSS/IMU processing
= Allows faster re-acquisition after temporary loss of satellite

= Most applicable to mobile ground based systems where
frequent GPS outtages can occur

= Can benefit airborne systems by allowing steeper banked
turns
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Range measurement technologies
key components
Pulsed laser transmitter

Optical receiver

Range measurement electronics
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Range measurement subsystem
laser technology dependencies

Pulse width

= Shorter is generally better (unless it is so short that the detector cannot see it)

= Pulse energy / pulse width = peak power
" Peak power is what detectors respond to - detectivity is measured in Amperes out / Watt input

= Short pulses yield higher peak power with lower average power - good for eye safety
= Shorter pulse width generally means faster rise time (see below)
= Also helps to reduce minimum vertical discrimination distance
Pulse rise time
» Faster is generally better
= Crisp leading edge benefits constant fraction discrimination
Consistency of pulse shape over a range of pulse rates
= Can cause range bias as pulse width changes with increasing pulse rate
= Can cause reduced accuracy as pulse jitter increases with pulse rate
= Systematic issue with conventional diode-pumped solid-state lasers
Beam divergence

= Minimize to improve XY accuracy via small footprint
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Single ALSS50-II laser
clean pulses even at high pulse rates

Typical laser pulse ALS50-Il laser pulse

C 1 Y Z10.0n5 A ChZ 132V C 1 Y Z10.0m5 A ChZ S 132V

i 5. 94480p5 i 5.94480p5

33 kHz
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Single ALSS50-II laser
clean pulses even at high pulse rates

Typical laser pulse ALS50-Il laser pulse
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Single ALSS50-II laser
clean pulses even at high pulse rates

Typical laser pulse ALS50-Il laser pulse

A oomy T Zi0ong A CHE £ 102V Bl Goomv 210,05 A Chi & 1,32V
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Single ALSS50-II laser
clean pulses even at high pulse rates

Typical laser pulse ALS50-Il laser pulse

- BT R X T W WA KT Cr RO 216,05 A Chi S 132
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Single ALSS50-II laser
clean pulses even at high pulse rates

Typical laser pulse ALS50-Il laser pulse

C 1 Y Z10.005 A ChZ 132V C 1 Y Z10.0m5 A ChZ S 132V

i 5. 94480p5 i 5.94480p5

100 kHz
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Single ALSS50-II laser
clean pulses even at high pulse rates

Typical laser pulse ALS50-Il laser pulse
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C 1 Y Z10.005 A ChZ 132V C 1 Y Z10.0m5 A ChZ S 132V

i 5. 94480p5 i 5.94480p5

150 kHz
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Range measurement subsystem
receiver technology dependencies
Key elements

= Detector

= Receiver electronics

Optical filtering

= Receiving optics
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Range measurement subsystem
receiver technology dependencies

Detectors
= Generally avalanche photodiodes

= Must be responsive at laser wavelength (Note: detectors at “eye-safe” wavelengths ~1550 nm are less
sensitive than detectors at more common 1064 nm wavelength

= Smaller area yields lower noise and faster response time

= Larger area increases tolerance to time-of-flight-induced focal spot wander
Receiver electronics

= Fast enough to see laser pulse

= Wide dynamic range (low noise and high overhead)

Receiving optics

. Larger) optics allow greater sensitivity (small targets, high altitudes, low reflectivity targets ,lower laser
power

= Smaller optics generally facilitate high scan rates
Optical filtering should be employed
= Reduces solar background collected by detector

= Narrow pass band gives better solar rejection, but more sensitive to thermal variations and generally less
throughput

» Wider pass band gives better tolerance to thermal changes, better throughput, but more solar throughput
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Range measurement subsystem
measurement electronics used

Time-of flight

= Direct counting

= Direct counting + fine interpolation
= Waveform digitization and analysis
Establishment of critical timing marks
= Threshold detection

= Constant fraction discrimination

= Waveform analysis

-
18 - when it has to be right @

Geosystems



Range measurement subsystems
Multiple Pulses in Air (MPIA)

Significant benefits

= Double the data density at current swath

= Double the swath at current density

= Data acquisition cost savings approaching 50%
Important system engineering factors

= Ensuring that laser is powerful enough to allow MPiA at all
altitudes

» Getting as close as possible to the theoretical 2:1 benefit

= Simplifying system set-up for MPIA operation
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Fundamentals of MPiA technology
single-pulse technology limits pulse rate
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Fundamentals of MPiA technology
MPiA allows doubling of pulse rate
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Maximum pulse rates using MPIA
doubling pulse rate means flight cost savings

2PiA limit is twice 1PiA limit at any given

altitude 160000
= 2PiA Theory
i . _ 140000 1 — —— 2PiA ALS50-I Limit |
Laser imposes practical limit at 150 kHz _1p:ATheory m
120000 1 1PiA ALS50-Il Limit | |
ALSS50-1l 150kHz pulse rate attainable at
up to 570 m AGL for 1PiA and 1569 m EFJ 100000 \ \
AGL for 2PiA % 80000
Important design goals é eooo0 |
X
= Get as close as possible to 2 40000
theoretical limits 20000
= Have enough laser power at any 0 ‘ ‘ ‘
given pulse rate to allow MPiA 0 2000 4000 6000 8000
operation Slant Range (m)
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Scanning subsystems
general options

Unidirectional scanning
= Polygon mirror
= Nutating mirror with fiber array

Cyclic (back and forth) scanning

23
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Scanning subsystems
polygon mirror scanners

Principle

= Laser transceiver is aimed at the facets of a
continuously rotating polygon mirror

= As each facet passes by, a scan line is created
across the ground below

Manufacturers: Riegl (including IGl and Toposys turn-
key offerings)

Proprietary systems: Fugro/Chance FliMap

Advantages

» Low power consumption

= Constant point spacing in along-track direction

Disadvantages

= Low scan efficiency — transceiver can not collect
data “in between facets” > measurement rate is

generally much smaller than laser pulse rate

= Constant angular velocity causes wider cross-
track point spacing as off-nadir angle increases

= Typically small collecting aperture (~50 mm
diameter)

24

Motor Scanner Syaem L S-21400
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Scanning subsystems
nutating mirror/fiber scanners

Principle

» Laser transmitter and receiver are each coupled to
a fiber optic. These 2 fibers are then aimed at a
nutating mirror that scans the out put of these two
fibers across a circular array of “scan fibers”. The
output ends of the scan fibers are arranged in a
linear array that is then aimed at an output

(coIIimating) Optic. Laser ke S[euerung et Fnpizinger

= For each rotation of the nutating mirror, a scan
line is created across the ground below

Manufacturers: Toposys (Falcon series scanners) \
Advantages p
= Low power consumption

= Constant point spacing in along-track direction
= 100% scan efficiency — no “dead time” between

scans
Disadvantages “—
= Low coupling efficiency — difficult to get optical } Sendezeile e Epfangszeilen 1
energy in/out of fiber, thus limiting max altitude
capability
= Typically small collecting aperture (~50 mm
diameter)
= FOV, number of data points per scan are fixed by
design
= Cross-track point spacing increases with off-nadir
angle, unless specifically designed out via non- -
,s constant fiber spacing at linear end of bundle - when it has to be right Lo
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Scanning subsystems
cyclic scanners

Principle

= Laser transceiver is aimed at an oscillating
mirror

= For each oscillation, a cyclic scan pattern
is created across the ground below

& 1 & . 'I' - &
Manufacturers: Leica Geosystems, Optech
Advantages = T
= Programmable scan pattern, FOV and scan i : _'_'.:__::-n. wor |

rate allow tremendous flexibility in setting e " TNy
swath and point density / h -

= Large apertures possible
= 100% scan efficiency ——h-_'.-'_--_-_-.-,_.::______--. o ~——-——
Disadvantages -

= Higher power consumption

-
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Scanning subsystems
sinusoid and triangle scan patterns

.
Triangle wave scanners provide o A'::g;:;c" L
slightly more consistent cross-track b (triangle)
spacing across FOV, but... _ Along-track____
L spacing (sine)
. . 400 40
= Sinusoid scans offer closer 7
approximation to raster; more 300 ' 5}; 30
consistent along-track spacing 5 200 \EE\ % 20
0 . ? 100 : X a 10 5
= At FOV edge, 27% greater areais ——| / m ﬁzﬁg e
covered per laser shot when g %% f ° 3
using triangle scan (cross-track £ 100 % fi A0 8
spacing x along-track spacing), 2 200 § 20 <
. " mgm (&) N PPy .
lowering definition at FOV edge s00 ||~ Position (tiangie) %a if / 30
— Area (sine) % 48
— Area (triangle)
-400 T T ‘ ‘ -40
0.0 0.5 1.0 1.5 2.0 25

Along Track Position (a.u.)
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Scan angle measurement subsystems

available options

Idealized optical encoder

= High angular rate

= High query rate

= High resolution

" High accuracy

" Low inertia

Trade-offs

= Accuracy and resolution versus max angular rate

= Accuracy and resolution versus encoder size and inertia >
affects scanning speeds due to greater load

Additional enhancement techniques

= Sub-sample to overcome query rate limitations

= Post processing software that assumes a uniform motion
profile to affect smoothing of the data - most applicable to
scanners with constant angular rates

Note: Given constant angular rate (i.e., well regulated), a “start-of-
scan” pulse could substitute for a scan angle encoder

28
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Accessory subsystems
integrated imaging

Real-time imagery to check for
clouds / haze in line of sight

“What was that” editing support

Technology choices:

= Video

* Frame camera with frame grabber
= Webcam

Important features

= Compact data (e.g., JPEG)

= Images time-indexed and contain all
georeferencing data

= Adequate resolution (e.g., 1280 x
1024)

» Software for easy post-flight image
look-up
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External system integration
desirable characteristics

Multiple ports for external sensors
(~45% of LIDAR systems now have
external imaging capabilities)

Flexibility to interface with

Cameras

Thermal sensors

Hyperspectral sensors

Other external sensors / systems

Accesses common GPS/IMU data

L
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Sample system design

power line mapping system

Objectives

= High point density

High accuracy

Low flying height

Maximize hits on power line

31

Subsystem design response

Positioning: high accuracy - field-placed
DGPS base stations

Orientation: medium accuracy due to low
flying height “lever arm” - mid-range IMU
such as FSAS

Ranging: very high pulse rate laser with high
pulse-to-pulse consistency, but small optics
OK

Scanning: slow scanning speeds OK, but wide
field and large roll compensation range
needed

Scan angle measurement: medium accuracy
due to low flying height “lever arm”

External interfaces: 2 medium-format cameras
(ortho and forward oblique)
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Sample system design

wide area mapping system

Objectives
* Low point density
= Medium accuracy

= High flying height

= Maximize coverage subject to meeting
point density requirements

32

Subsystem design response

Positioning: medium - real-time DGPS
corrections or PPP a possibility

Orientation: highest accuracy due to high
flying geight “lever arm” - high-end IMU such
as ulR

Ranging: high peak power laser, low pulse
rate. Low beam divergence (for low XY
ambiguity), MPiA data handling, large optics
required

Scanning: slow scanning speeds OK, but wide
field needed, roll compensation range not
critical due to smoother flight

Scan angle measurement: highest accuracy
due to high flying height “lever arm”

External interfaces: 1 medium-format cameras
(ortho)
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Overview of ALS50-II
a state-of-the-art LIDAR system

Maximum pulse rate of 150 kHz

e
(-]

160000

. . —Pulse rate
No degradation of accuracy with 210000 ||~ Hace, 5 cmaps err 07
increasing pulse rate (accuracy to \ ~—Vace, 6 emGPS et |, o s
3.1 cm demonstrated) owing to 120000 06 3
. [T
improved laser technology \ /454 2
%‘ 100000 05 @
— 1]
Expanded maximum operating £ 20000 \ ,A*a o4 s
altitude (6000 m AGL) 2 \ / =
T 60000 032 03 3
!_arge op?ic_;s_f_or high_performance = )S\ 02 s
in poor visibility or with small / low- 40000 /?Q 02 g
reflectivity targets 20000 @é@;lzw =812 —loa
High XY accuracy due to small 0 . . . 0.0
beam divergence and highly 0 2000 4000 6000 8000

Max Slant R Setti
accurate scan angle encoder ax Slant Range Setting (m)
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Ground resolution and surface accuracy

12 points/m*2 (~0.30 m posting)
generated on a regular basis from
780 m AGL

Accuracy to 3.1 cm from ~3000 m
AGL

~6-meter postings with 6246 m
swath at 6000 m AGL, 31 cm
vertical, 72 cm horizontal accuracy

All above with fixed wing aircraft
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Leica Geosystems ALS50-ll Configuration

OC50 Operator Interface
SC50 System with mini-keyboard
Controller .

LS50 Laser
Scanner
Assembly

LC50 Laser & i | _ /

Controller

r - [ .
:
EnEEEEEEEE .

|| i o i st o o A e

Gl40 Pilot

OC50 Pilot Interface Guidance Indicator

L ]
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ALS Calibration

the difference between good results and bad results
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Lidar system calibration

37

Factory determined values
= IBRC
» Encoder Offset / Scan Angle Correct

Factory tuning

= Electronic Components

AB based calibration
= Misalignment calibration

» Range offset
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Calibration Parameters from Factory
Intensity based range correction — What is it?

Laser returns from bright surfaces will reflect quicker and appear
to have a higher elevation.

Laser returns from darker surfaces will reflect slower and appear
to have a lower elevation.

The IBRC-table contains an amount to be subtracted from the
range correction for each intensity value 0 to 255.

-
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Calibration Parameters from Factory
IBRC Table - Example

39

-

N

0.200000

0.180000 -l

0.160000

0.140000

b
o
0.120000 4%
0.100000 -
0.080000 -
0.060000

0.040000

0.020000

0.000000

0

50 100 150 200 250
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Calibration Parameters from Factory
Encoder Offset or Scan Angle Correct

Where the encoder “thinks” nadir is and where nadir actually is are
different

Encoder offset is the encoder reading at the exact center of the
scan pattern

Nadir = - 17000 ticks Encoder 0 ficks

-
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Calibration Parameters from Factory
Electronic Tuning

N

AGC Board

Receiver Tuning
Mainboard Discriminator
Range Boards

Data Control Board
Encoder Interface

Laser Trigger

Galvo Tuning

© © N o g M 0 N

Laser Boresite

N
e

Intensity Board

-> These values fixed during manufacture

-
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Objective of boresight calibration

= Determine the angular
misalignment between the
IMU and the scan pattern
frame (o, ¢, x)

= Determin Range offset against
GCP. Any constant electronic
time delay to lead constant
offset in the range
measurement.

= Approach

» Traditional Profile approach

flight direction

» Leica’s Attune approach to utilize
intensity information

-
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Roll Misalignment
what is roll misalignment?

Roll misalignment defines the misalignment, in radians, around the
X axis between the IMU and the laser. Any alignment of the scan
encoder is also incorporated in roll error.

With the Scanner Assembly mounted with the cables to the front
the X axis is positive to the nose of the aircraft. In this case a
positive rotation will move the data clockwise.

With the Scanner Assembly mounted with the cables to the rear
the X axis is negative to the nose of the aircraft. In this case a
positive rotation will move the data counter-clockwise.

Roll error moves the data up on one side of the swath and down
on the other side of the swath

-
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How do | check for roll error?

Step 1. Collect data for a single flight line flown in opposite
directions over a flat surface. Process with roll error set to
Zero.

11226200482 Scanning Aero Records far System Setup : LDROS0826_042453_0000000002.3cn

Laser R.| Base |Fi L. | Muki | PR | FOv | Sca... Add...
Data [ LDROS0S2E6_040522_ 2 4 4+3 E5200 5.7 -2577E
[ LDROS0226_042453 2 4 43 EB200 BU7 eS| _mEOEE I
Reszet I
] | | ¥
POS Filename:  C:%85%0EAASWIOR_Boresite\Procsbet_ex out Browse |
Output folder:  [CAA5WIENASWOE_Eoresite\Praclazery Select I
A S — =l |
Altitude: 1200.00 m Ball Errar -0.004730000 rad
Temperature: ?ﬁﬁﬁfﬁﬁ_}i i Pitch Errar [0.009930000 rad LS Errors Entry,
Pressure: MOT.00KPa Heading Ermror 0001238000 rad -DK
Temperature Gradisnt; 0006500 K.Am tinimum Range to Process 10000 m FollE ﬁ— i Cancel
e ————— e oll Errar: radians
Flange 1 Comrection 1.866 m b amirmurn Fange to Process {8500.000 m T
PFitch Error: ; . radians
Range 2 Correction Min Angle To Process: Reset

i-D. Qo238 radiahs

Heading Errar:

Range 3 Correction Max Angle To Process:

1.866m

Ericoder Latercy: 0,40 mer sec

Ticks Per Fevolution:

For Help, press F1

it elevation to oukput 99939000 m

M ax elevation to output 199399,

Ranae 4 Comection ; bir Lat™ bo output: FEE _ )

Range 5 Corection [1.B6E m I b ax Latsy bo output: Sl e e LSl [caoc:Ir‘;r;?i;ndsgrrzzg;‘iaoqsofoffnadir]
Scan angle conect 15100 ticks Mir Long 4 ta Output i |~ Center conection about the scan center [nomally encoder center)
Tarsion Constant; |-80000.00 units Max Long s bo output; [N

PP'S Canection: microseconds

—
—

The Pitch Emaor Slope, PPS Comection and [MU Latency should be
set to 0in most situations.

ML Latency microzeconds

44
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How do | check for roll error?
Step 2. Load points in TerraScan and output surface models
for the opposing flight lines.

Surface information

Twpe:  Ground
Mame: || 40522

Storage

File: | demo.t03

(] 4 Cancel

L
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How do | check for roll error?
Step 3. Select a flat area free of trees and buildings
covering the width of the swath.

L ]
46 - when it has to be right @

Geosystems



How do | check for roll error?

Step 4. In TerraModeler draw a profile across track through
both surfaces. If the roll value is correct the surfaces
should coincide.

L
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How do | check for roll error?

Step 5. If the surfaces do not coincide measure the
separation and width. Adjust the initial roll error value by
separation divided by width.

-
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How do | check for roll error?
Step 6. Initial roll error 0.000000. Adjustment required is

4.8/1002 = 0.00479. Adjustment required is counter
clockwise. Adjusted roll value is -0.00479

-
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How do | check for roll error?
Step 7. Reprocess data with adjusted roll error of -0.00479

1 2626:04927  Post processing complete
Laser R.| Base IFil L. | Mutie. | PR | Fov | Sea. Add..
Data [ LDROS082E_040522 2 4 443 B5200 53.7 -2577E
{ LDROS0S26_042453_ 2 4 43 5200 57 7778 m
Feset 1
8 | | 2
POS Filename:  |CAASWOENASWIE_BoresitetProchshet_ex out Browse 1
Output folder [T AASWIENASWOE_BoresitetProclasers Select
J—— ~ | I E Sl
Albitude: 120000 m Rall Error 0.000000000 rad
Temperature; jUD_UDK i Pitch Error U_DUEI_SBDU_DUrad_ PSR LS
Pzt AoookPa e -0.001238000 rad -DK
Fempial e e ?_-D%DDBEDD i - TR Rk ?;.DDD 5 Roll Error: 000474 radians Cancel 1
Range 1 Comection [1.866 m b a=imurn Fange to Process 13300.000 m
: HBEEm . e — Pitch Error: 19-99993 radians
Range 2 Comrection |1.=05m MinAngle To Process: [-altdeg Reset
Rarnge 3 Comection 1.866 m Max &ngle To Process: |50 deg bieadliic Eriox !-D.DD‘I 238 s
Fiange 4 Conection [1.866 m tin Lats7" to autput: M [ Static
: T — e Bitch Error 51 11 BRe-005 radiang / degree [radians of
Range 5 Comection 1856 m tax Lat" to output: A HEHENRESBpe = conection per degree of aff nadi]
Scan angle corect 15100 ticks Min Long/< to Output NeA [~ Certer correction about the sean center (mommally encoder center]
Torgion Constant: .S_DDDUD_DIJHIE L tax Longs to output: N_a".t’-\_ 2 &
S —— 5 e— PPS Correction: ]D micioseconds
Encoder Latency: 10.40 mer gec Mit elevation to output -95993.000 m
Ticks Per Revolution: (334440 ticks Max elevation to output [93939.000 m IMU Latency ]D microseconds
The Fitch Errar Slope, PPS Correction and IMU Latency should be
zat to O in most situstions.
For Help, press F1 | [ b

50 - when it has to be right cica
Geosystems



How do | check for roll error?
Step 8. Check that profiles coincide using adjusted roll
error value.

L
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Pitch Error
what is pitch error?

Pitch error defines the misalignment, in radians, around the Y axis
between the IMU and the laser.

With the Scanner Assembly mounted with the cables to the front
the Y axis is positive to the right wing of the aircraft. In this case a
positive rotation will move the data forward.

With the Scanner Assembly mounted with the cables to the rear
the Y axis is positive to the left wing of the aircraft. In this case a
negative rotation will move the data forward.

Pitch error moves all the data forward or back.

Pitch error is not apparent over a flat surface.

-
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How do | check for pitch error?

Step 1. Collect data for a single flight line flown in opposite
directions over an evenly sloped surface. Process with
pitch error set to zero.

|- [olx]

[12962:04927 Post prosessing complete

Laser F.] Base | Fio | Lo | M. | PR | Fov | Sca. Add...
et [ LDR0G082E_ 040522 2 4 43 E5200 537 -2G77E
[ LDRO50526_042453 2 4 43 EBB20 537 7778 ﬂl
Feset I
3] | 2
POS Filename: | :ﬁ;es_i'té'\'lf'mc\sbet_ex.out Browse l
Dutput folder,  [CRASWIBSASWIE Baresite\Proclasers, i Select |
e _ - “Fyplore
Altitude; 1200.00 m Rall Errar 0000 rad —J
TS i N OROAGERGE rad. POS Errors Ent
Temperature: 130000 K PterErior 10.000000000 rad Y

Pressure: 00 kPa Heading Error -0.001 235000 rad
op DODEEOOE/N  Minimum Bangs o P 0000 m

Temperature Gradient: S : Inimum Fange to Frocess T Roll Eriar: -0.00479 e Cancel I
Ratge 1 Comection [1.866 m Mawirmum Bangs to Process 3500.000 m iq_.

e T Fitch Errar: radians
Ratge 2 Comectioh 11.866 m Mit Angle Ta Process a0 deg Resst !
Range 3 Conection Max Angle To Process: 50 deg Headnakiior i-D'Dm 238 (2o

] 1~ Static

Fange 4 Conrection in Lat/Y' to autput:

Fitch Ermor Slope iD radians ¢/ dearee [radians of

Range & Coraction Mawx Latsy to output: comection per degree of off nadi)

Scan angle comect it Long to Output [~ Center comection about the scan center (normally encoder center)

PPS Carrection: ]U ricrogeconds
1ML Latency ]E_ microseconds

The Fitch Error Slope, PPS Correction and IMU Latency should be
set to 0 in most situations.

Torsion Constant; Max Long to output:

Encoder Latency: Iin elevation to output

Ticks Per Revaolution:

Max elevation to output

For Help, press F1 [ | | 2 |
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How do | check for pitch error?
Step 2. Load points in TerraScan and output surface models
for the opposing flight lines

Surface information

Twpe:  Ground
Mame: || 40522

Storage

File: | demo.t03

(] 4 Cancel

L
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How do | check for pitch error?
Step 3. Select an evenly sloped area in the along track
direction in the middle of the swath

L
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How do | check for pitch error?

Step 4. In TerraModeler draw a profile along track through
both surfaces. If the pitch value is correct the surfaces
should coincide.

L ]
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How do | check for pitch error?
Step 5. If the surfaces do not coincide measure the

separation and flying height. Adjust the initial pitch error
value by separation divided by 2 divided by flying height.

L
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How do | check for pitch error?
Step 6. Initial pitch error 0.000000. Adjustment required is

17.92/2/902.5 = 0.00993. Adjustment required is forward.
Adjusted pitch value is 0.00993

-
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How do | check for pitch error?
Step 7. Reprocess data with adjusted pitch error of 0.00993

- [E]X]

§1-3298:D492? Post processing complete

Cutput folder:

Altitude:
Temperature:
Pressure:;
Temperature Gradient;
Range 1 Comection
Range 2 Corection
Range 3 Correction
Range 4 Corection
Range & Comection
Scan angle comect
Torsion Constant:

Encoder Latency:

Ticks Per Revalution:

For Help, press F1

59

200,00 m
[300.00K
[101.00kPa
-0.008500 K/

15100 icks

000000 units

1040 mer sec

(3354440 kicks

Laser F.] Base | Fi. | L. | Muki. | PR | Fov. | Sea Add..
Data  |Et LDROS0E2E_ 040522 4 43 B5200 B9 2577
¢ LDROS082E_042453 4 43 200 Ea7 7775 ﬂl
Reset I
& 3|

POS Filename:  [C:WASWIIEWASWOE BoresiteAProchsbet_ex.out

[CAASWIENASWIE_Boresie\Proclaserh

Rall Errar

Fitch Error

Heading Errar

Minimum Fange to Process
b aximurm Range to Process
Min Angle To Process:
Max Angle To Process:
Mir LatSy to output:

tax Lat to output:

Min Long# to Output

tax Long A< to output;

in elevation to output

Max elevation to output

Browse I
5 Select I

.
.004790000 rad ﬂl

0.000000000 rad
0,001 238000 rad
10,000 m

[33533.000 m

=i

POS Errors Entry

Flezet

Fiall Errar: 0.00473 radians Cancel I
Pitch Error: ]D.DUSSH radians

Heading Error:

-0.001238 radians
— Static -
Fitch Error Slope jD radianz / degree [radianz of

carrection per degree of off nadir)

[ Center conection about the scan center [normally encoder center)

e
—

The Pitch Error Slope, PPS Correction and MU Latency should be
zet bo O in most situations.

PPS Carrection: microzeconds

IMLI Latency micraseconds

elda
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How do | check for pitch error?
Step 8. Check that profiles coincide using adjusted pitch
error value.

L
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Heading Error
what is heading error?

Heading error defines the misalignment, in radians, around the Z
axis between the IMU and the laser.

With the Scanner Assembly mounted with the cables to the front
or to the rear the Z axis is positive to the ground.

A positive rotation will move the data forward on the left and to the
rear on the right.

A negative rotation will move the data forward on the right and to
the rear on the left.

There is no effect from heading error in the middle of the swath.

Heading error is not apparent over a flat surface.

-
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How do | check for heading error?
Step 1. Collect data for two overlapping flight lines flown

over an evenly sloped surface. Process with heading error
set to zero.

[01017:00482 Scanning Aero Records for System Setup: LDROS0825_042483 0000000002 3ch

Lazer Fi..i Baze

Output folder:

Altitude:

Temperature:

Fressure:

Flange 1 Correction
Range 2 Correction
Fange 3 Correction
Fiange 4 Correction
Fange 5 Carrection
Scan angle corect
Torsion Constant:

Encoder Latency:

Ticks Per Revolution:

For Help, press F1

Temperature Gradient:

300,00 K
[101.00 kPa
0.006500 K./m

11,866 m
1866 m

H.BE6m
[1.866 m
[1.86E m

[B0000.00 units

0 =]

3394440 ticks

POS Filename:  (CAASWOEASWOE_BoresitedProchshet_es out

fC:\QSWDB\ASWDE_B oresite’Proclazer’s

Rall Ermraor

PFitch Emor

Heading Ermror

Minimum Fange to Process
M aximum R ange to Process
ki Angle To Process:
Max Angle To Process:
Min Lat o output:

hax Lat™ to output:

Min LongA4 to Output

Max Long /= to output:

Min elevation to output

Max elevation to output

B il

[ R | L | Muli. | PR | Fov [ sca. Add...
Data ¢ LoRos0s2e_ 041732 2 4 43 65200 597 169
[ LDROS082E_ 042453 2 4 #3 E5200 57 TS B
Feset
£ | &3]

Browsze

Select

Ezplore

0.009930000 rad
10000000000 rad

0,000 m
{8500.000 m
|50 deg
Bideq
7

N2,

N8

N8

m

[33335.000 m

POS Errors Entry

Foll Error: ]'D-DD“?S radians Cancel j

Fitch Error: 0.00933 radians e
ezel

Heading Ernrar: ID radianz

[~ Static

Pitch Error Slope ]1.853-005 radians / degree [radians of
corection per degree of off nadir)

[~ Center corection about the scan center [nomally encoder center]

—
—

The Pitch Errar Slope, PPS Comection and [MU Latency should be
set to O in most gituations.

PPS Correction: microgeconds

It Latency microseconds
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How do | check for heading error?
Step 2. Load points in TerraScan and output surface models
for each flight line.

Surface settings

Surface information

Type:  Ground
Hame: " 041732

Storage

File: | demo.td0

k. Cancel

L
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How do | check for heading error?
Step 3. Select an evenly sloped area in the along track
direction on the edge of one swath and in the middle of the

other swath.

’ Er i'.- q X
g i i T :
- - - Ty " 1 "
Ta T Rl % U i
. h o e L, Y _-_.
".._._ h - "... oo : IFE "..:' . = o
L
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How do | check for heading error?

Step 4. In TerraModeler draw a profile along track through
both surfaces. If the heading value is correct the surfaces
should coincide.

L ]
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How do | check for heading error?

Step 5. If the surfaces do not coincide measure the
separation and distance from nadir. Adjust the initial
heading error value by separation divided by distance from
nadir.

L ]
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How do | check for heading error?

Step 6. Initial heading error 0.000000. Adjustment required
is 0.61/493 = 0.001238. Adjustment required is to the rear on
the left. Adjusted heading value is -0.001238

Note. In this example there is no heading effect on the west
bound flight line as the profile location is in the nadir
position.

-
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How do | check for heading error?

Step 7. Reprocess data with adjusted heading error of
-0.001238

0101700482 Scanhing Aero Records for Syetem Setup : LDROS082E_042453_0000000002. 2ch i

Laser Fi.| Base LR | Lo | Mubi. | PR | Fv. | Soa. fdd...
Data =
[ LDROS0S26_041732_ 2 4 443 E5200 547 -1E925
[ LDROS0S25 042453 24 43 EGO0 B37  7TTE mj
Reset
£3] | 2
POS Filaname:  |[C:A\ASWIEWASWOE_Boresite\Procishet_ex out Browse ]
Output folder:  [CAASWIBNASWIOE_BoresitsProclasers i Select
i . N
Altitude: 1200.00 m Rl Error -0.004730000 rad LJ
: _ e PDS Errors Entry
i 0000 K — [0,003930000 rad )
Rressie [101.00 kP2 Mg Efat [0.001238000 1ad
T ture Gradient;  "0-008500 K/m Minimum Fange to Process 10.000 m
emperature Gradisn ) d Aol Errar: -0.00479 tatiane Cancel
Range 1 Carection 1.866 m Masimum Fange to Process 1£900.000m
_ — i Pitch Enor I—D- 00593 i
Range 2 Correction Min Angle To Process: 150 deg Hen s radians Reset
Range 3 Corection Max &ngle Ta Fracess: 150 deg Heading Error: J-D. 001238 radians
Range 4 Comection Min Lat/y bo output: Nt [ Sitatic -
Range & Carection Max Lat/ to output: M2 ; Fitch Enror Slops |1.852-005 radians / degree [radians of

commection per degree of off nadir)

Scan angle corect i cks Mir Long/## to Output N2 [~ Center comection about the scan center [nomally ercoder center)
Tarsion Conztant: Bﬂﬁﬂﬂﬂﬂ_unﬁs i Max Long < to output: N4, ; ;
; S : . ; rm— FPS Comection: |0 microseconds
Encoder Latency: 10,40 mcr gec Mir elerveation to output 1-99399.000 m
Ticks Per Revolution:  [B394440 ticks Max elevation to output 199999.000 m LI Latency 10 microseconds

The Pitch Eror Slope, PPS Conection and (MU Latency should be
zet to O in most situations.

For Help, press F1
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How do | check for heading error?
Step 8. Check that profiles coincide using adjusted heading
error value.

L
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Leica Geosystems ‘Attune’

compute misalignment angle based on points and intensity image

Classified elevation data (x,
y, z, “ground points” class)

Intensity images (x, v,

- \ intensity) in which tie points

_ _ will be picked
tie points

| == “ground class” only ==

L
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- 0]
Attune tie point collection window

J8 =10l x|

Allows
designation of tie
points

Zoom: 0.06 i¥: 3368.00 iY: -1058.00 % Zoom: 0.06 jx: 3510.007: 3016.00 4

Zoom: 0.13 (i 14,00 i -259.00 4 Zoomn; 0,13 i 920,00 i: -211,00 % Zoom; 0,13 i 1942.000; 171,00 m
71 T - UWTICTT D TS OOF LT TTETTE oy — it
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Attune tie point report window

72

Provides feedback on
residuals for individual
selected points

Provides calculations
of system calibration
parameters

Provides error
estimators for
calibration coefficients

provided

% Attune Interactive Solution 7 x|
5 olution
Rall: I-EI_E|55?'I3334 +- IEI.DDDD1842 radianz Mumnber of iterations: |1?' ReCalculate |
Pitch: I-IJ_EIE|531 [Stats) +4 IEI.DDDD21?S radianz Aposterion reference:; |3_0341
Heading: [000308180  +~ [000009723 radians Mumber of obs used: [157
Tarsian: |-2EDDD.U +- IEI.D units ¥ Radians " Degress
— Tie Point Residuals
Ft 1D MHum Obz Res [m) Resv [m) Ress [m) [RES] =
1 7 0.226 0507 0083 v
2 5 0.200 0828 0076 @
3 4 0.330 1.048 o7y @
4 4 0.528 0191 0.06E v
5 5 03z n.az4 0038 @
B 5 0.264 g1z 0083 @
36 2 0123 0.548 0.061 @
k) 3 0472 0.640 0n37 @
38 3 0165 0.503 0.047 v _I
—Awverage Residual Values
#0437 Y |0.649 20 |0.063

Save Solution |

Done
Z
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Conclusions

Good data accuracy is dependent on accurate determination of
system calibration inputs.

Calibration requires a good trajectory solution, because all lidar
measurements are based on the trajectory. Good Mission planning
is essential for a calibration flight!

-
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Thank you
questions?

Yuji.Kuwano@leica-geosystems.com

Leica Geosystems AG
Heinrich-Wild-Strasse

CH-9435 Heerbrugg ,Switzerland
Tell+41 71 727 4262

Fax+41 71 727 4674
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