AN TELEDYNE OPTECH <, LATIN AMERICA
" Everywhereyoulook™ \J CFSSSSSANAL

Quality Assurance and Quality Control
Procedures for Survey-Grade Mobile
Mapping Systems

Presenter: Albert lavarone

Latin America Geospatial Forum
November, 2015

Accuracy

& Productivity
Matter



//localhost/fttp/::www.optech.com
http://www.teledyneoptech.com
http://www.teledyneoptech.com/
http://www.teledyneoptech.com
http://www.teledyneoptech.com/

Everywhereyoulook™ Ag e n d a

"“ TELEDYNE OPTECH
\

W g
N

/H "Who is TeIdene Optech
1,'2. The Lynx léloblle Mapper
Mobﬂo pmg vs IMobuIe

Surveyor



//localhost/fttp/::www.optech.com
http://www.teledyneoptech.com
http://www.teledyneoptech.com/

s}
o
9
i)
=
@
V)
o]0)
=
o
o
=
)]
o
Q
)
(¢
| -
)
®)
®)
<

-

TELEDYNE OPTECH
Everywhereyoulook

“»n

Bathymeiric

ing

3D Model



//localhost/fttp/::www.optech.com
http://www.teledyneoptech.com
http://www.teledyneoptech.com/

W Lo Lynx MG & SG-S Mobile Systems

* High density &
Accuracy

® Easy Installation

* |deal for Asset
Management
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Everywhereyoulook™

Lynx SG1

® Accurate measurement
moving vehicle

®* Engineering Grade CAD
* Collect at Hwy Speeds
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What information can be generated from the data?

Raw Point Cloud Digital Elevation Model Roads & Sidewalks

Intensity Point Cloud Contours Building/Improvements

Classified Point Cloud Linear Utilities Complete Planimetrics

www.teledyneoptech.com
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L Feature Extraction

m View 3, Maodel

« Photos used to aid feature identification
« Also aids in project navigation due to better visuals

www.teledyneoptech.com )
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Everywhereyouiook Mobile Mapping Systems: Types

* Available systems can be classified as “mapping-grade” or
“survey-grade” depending on the system’s attainable

aCCcuracy.
Survey Projects Vlapping Projects

« Smaller project size » Typically large
« 1-3cm absolute projects
accuracy » Absolute accuracy
« 5mm relative 10-20cm
accuracy  Relative accuracy
— - Control survey 2cm
required  Control not required
I « Validation of accuracy » Asset database a
mandatory typical deliverable
* Engineering drawings » Lower cost per mile

a typical deliverable
* Higher cost per mile

© Copyright 2015, Teledyne Optech. All rights reserved. E&OE www.te'edneotech .com
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Everywhereyouiook Factors Affecting Accuracy

Boresight Internal Cal Distribution

Reference
System

GPS Bias

Baseline Sencor

Calibration Processes

Navigation perationall Ry :
Solution Be ¢ Experience

Laser Data || D | | & 1 |
Quality ¥ \ | 8 Workflow |
Block
Adjust

© Copyright 2015, Teledyne Optech. All rights reserved. E& OE WWW.tEIEd neo tECh.Com
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Everywhereyoulook

e Largest error source
¢ Project dependent
e Corrected with control

Sensor
Internal
Calibration

Gps
Trajectory

e Sensors have moving
parts

e Survey grade data
requires in-field
calibration

e Automation helps

e Results should be
predictable regardless
of operator

Uy

Operator
Expertise

Sensor
Boresight

www.teledyneoptech.com

eAlignment of sensors to
IMU reference frame

eEnsures different sensors
“speak” same language

eIn field calibration
important
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Hardware Software

* Best of * Improve
class lidar project

» Best of accuracy
class » Designed
positioning for

» Excellent production
support * Project

validation

Combining Sensor and Efficient Workflow

© Copyright 2015, Teledyne Optech. All rights reserved. E&OE WWW.tEIEd neo tECh.Com
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S IELEnE D TECH LMS Pro Overview

Teledyne Optech LMS Pro: Positioned as a hub for processing the entire project

Accuracy

Quality Assurance Optimization

Quality Control Project
TR 4 Validation

Processing —
Environment

. E Minimum
Project Productivity Processing

A Time

Output project data in
Interoperability compatible format to

s third party software

www.teledyneoptech.com
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A e LMS Pro Self-Calibration: Methodology

o LMS Self-Calibration Engine:

o Improve compatibility between overlapping lidar passes and their
absolute accuracy

o Achieve the potential accuracy of the lidar system

Before self-calibration After self-calibration

www.teledyneoptech.com
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A e LMS Pro Self-Calibration: Methodology

o Objective:

o Estimate corrections to the instrument calibration parameters and system
observations

o Conceptual Basis:

o Block adjustment using planes as tie A7 ‘
features and the lidar rigorous
geometric model

Laser point Computation
Planar Surface Extraction
Planar Surface Correspondence
Tie Plane Selection

Parameter Estimation (LSA)

Refined Laser Point Computation
Requirement: redundancy

www.teledyneoptech.com N
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Everywhereyoulook LMS Pro Self-Calibration: Trajectory Corrections

o Polynomial correction for trajectory position
/. New Block = =]

Create block lines

Setup MLS corrections

MNew corrections set is not saved

Corrections set name |Cust0r‘r1 '| | Save As |

Sensor Corrections | Boresight Corrections | Position Corrections | Orientation Corrections

Corrections |Per surveyed line v|
Keep Fixed Free Unknown Constrain Unknown A priori precision

Offset in X 7

Offset in Y 7

Offset inZ 7

Driftin X Fi 0.01 [rmm/s]

Driftin¥ v 0.01 [mm,fs]

Driftin Z 7 0.01 [mm/s]

Acc.inX 7 1.0E-4 [mm/s"2]

Acc.inY 7 1.0E-4 [mm/s"2]

Acc.inZ 7 1.0E-4 [mm/s"2]

< Back Jest » Finish ] | Cancel

www.teledyneoptech.com
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Everywhereyoulook™ LMS Pro Self-Calibration: trajectory Corrections

o Trajectory Quality is variable in mobile surveys. A single set of corrections
cannot be applied to the entire mission.

o LMS Pro 3.0 provide means to segment according to GPS quality then apply
polynomial corrections ensuring transition areas are smooth

0 More integrated positional solution
o CRUCIAL for project accuracy

Sewcaed Laser-On Intervan

et | odjumgn|| — Individual lines with independent
swssoe w2 W0e030) 3 corrections

- | ————
’ J p Individual lines with independent corrections
i 8 pmpise: (0010 after polynomial correction

C 2 LM L

Line

Contro ste: | Twgers  Costrolport: | 234218 Orentation: | AOUTIT2 2 e ; : . . Llne 3 L|ne 5
=1 = |fLinel

www.teledyneoptech.com
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epwheeyouock | MS Pro Self-Calibration: Leveraging Survey Control

o Two types of control information can be used in the self-calibration:

Control Located on Planar Control Targets
Surfaces

www.teledyneoptech.com
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= e LS Control Located on Planar Surfaces

o Control Located on Planar Surfaces

o ldeal in locations where there is a
lot of vertical and horizontal
surfaces

Easy to collect

o Can be collected before or after
the lidar survey

Facilitates complete automation

www.teledyneoptech.com
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senwhereyoucok | MS Pro Self-Calibration: Leveraging Survey Control

o Control Target
+ ldentify traditional survey targets in the
data =
+ largets can be used in addition to

traditional LMS planar control
adjustment.

+ Important supplement in areas without > Yy
significant planar geometry <XV
\.\\:)

}Av'_/-.m we @e e AYEY/ o~ - DO -

www.teledyneoptech.com
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P Ceineeyouosc LMS: Quality Control

o LMS allows for project validation by providing:

Project validation o Internal/relative QC measures

S passl

pass 2

o External/absolute QC measures
Check whether
the desired quality
(accuracy) s
has been achieved.

~ ~

~ ~ Control Surface

o Quality control of multi-sensor integration

www.teledyneoptech.com
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PN Coreeveuoor LMS: Quality Control

o First data quality check can be performed at a very early stage

Anateze Laser Pt . AndyTe Lsew Frres

| AV EZXNN 0|ttt 00 @ O[& AV Hase 09 @) O | &

i

~~~~~

On-the-fly computation of the lidar point cloud Iin
the vicinity of the control points

www.teledyneoptech.com
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AP T DT LMS: Quality Control

LMS Absolute/Relative QC Measures
e

o Near real-time before/after assessment of individual control points and
the neighboring lidar points.

] AV BN e Farw (et 03 @e Py

50 w10 View

Contrel Dot o N
ase
= Comvel haer ViDDT
Paen Type T

www.teledyneoptech.com
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g il LMS: Quality Control

LMS Absolute QC Measures

o Lidar and Control Point Separation — Before and After Self-Calibration

Lol B SIS ST SIS Sl

www.teledyneoptech.com
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N Elarmnoreyouioon LMS: Quality Contro

Everywhereyoulook™

®* Summary Report

User input ' Tasks Settingn Summary Report  Semmany Plots | Update LCP File | Accunscy Height faport

Block status Tie Plane Deternination dore. Tie Plane Selection done. Block Adjustment done. Retreve Block Adjustment Results dome

(¥

Project bform
Cortrel Ste Quaity
c cabion - Basc

knw anelyrin
Control sites
All tie planes
Selected tie planes

Sef-Cahbration Resuks
Adjustraent Iedoimation
Parameter o
Senncr commecticnn

erechons

) asngnments

Onentation cooections
couracy Venfication - Refined

Fool Ine analysis
Uner Input Tasks Seltings | Summary

>

Fepont Summary Plets Update LCP Fle. Acowscy Hught Repont

e, Retrwve mend Resulkts dorw

ntiol sites

All tie planes
1) Block status: Tim Plane Determinstion dorme, Tin Plane Selection dane, Block Adjustme

Selected tie planes

Roof e anad,
Ceontrel sites
Al e planes
Selected tie plares
Self-Cakbation Result

Teledyne Optech. All rights reserved. E&OE

© Copyright 20
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g ey LMS: Quality Control

LMS Relative QC Measures

-
o Planar statistics from lidar self-calibration S
(graphical analysis and report generation) e

o  Summary Plots

Before Self-Calibration After Self-Calibration

www.teledyneoptech.com
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sevneeyoucss - QUANILY Control of Multi-Sensor Integration

o In LMS 3.0 users can visualize image/lidar alignment

r v
J\. Analyze Laser Points in Image R S
N N BB e e - ' [y
L G 8 ©. ’.ef ’Q ‘ - /. ‘ ll +@ oo~ |-

Image Information

Mission Id

Camera Id
Image i 70

image filename:  INGE63S

Exterior Orlentation

9 from refined direct gea-referencng

Laser Ponts Coverage

Mission: 130506 1 -

Show LPs Lne Survey Sensor Status
S3070 B} 1 1 refinod

v 231815 B 1 52 refined

Prewous Image Nest [Image
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ewneevoucss - QUAlIty Control of Multi-Sensor Integration

o In LMS 3.0 users can visualize image/lidar alignment

www.teledyneoptech.com
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Everywhereyouiook LMS: Interoperability

www.teledyneoptech.com



//localhost/fttp/::www.optech.com
http://www.teledyneoptech.com
http://www.teledyneoptech.com/

"\‘ TELEDYNE OPTECH

Everywhereyouiook LMS: Interoperability

o TopoDOT, Terraphoto

www.teledyneoptech.com
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Everywhereyouiook LMS: Interoperability

o0 LAS 1.1 - 1.4 & customisable ASCII outputs

type filter text LAS Output ”
LME processing optio

) LAS output settings
Decode Range File

Laser Point Compu LAS Format l1,3 v]
Planar Surface Extr ) ) 11
LAS Output LAS time encoding 1o
ASCI Qutput Qutput waveforms 13

Coordinate resolution NN VNEY]

Maximum file size in Gb 10

Include begin time 1

Include end time ]

Filter by From To

D Decimation 1

|| Laser point hei..  0.000 m 8000.000 m
D Laser return type  last return

D Mumber ofran.. 1 1

D Mumber of retu.. 1 1

D Scan angle -10.000 deg  10.000 deg
D Swath angle -10.000 deg  10.000 deg
D Time 243993001, 244087.090..

Industry standard outputs

© Copyright 2015, Teledyne Optech. All rights reserved. E&OE WWW.teledneotech.com
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Everywhereyouiook Experimental Results

* To demonstrate the validity of the discussed QA and
QC procedures, experimental results using a real

dataset with very poor GNSS quality have been
performed.

www.teledyneoptech.com
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AV TELEDYNE OPTECH .
PR Evernercyouiook Experimental Results

®* Trajectory Segmentation

E=% B =)

Selected Laser-On Intervals

A0 LMS Trajectory Segrmentation

0.300
0.280 Start End Length
0.260 316161453 316215.946 545

316241.443 316437.918 196.5

0240
een F] 316482413 316696.886 214.5
0200 'I' 316750380 316797.874 47.5
.-' 316885363 316915.360 300
0.180 H
0.180 5
i
]

Total RMS =24 -
0.1z0 RMS jump size:  0.010 Split

Estimated Trajectory Position Errars

0.100

a.ee Defined LMS Lines

0.060

0.040 Start End Length

] 316482413 316575913 935
316575913 316603413 275

R — : : 316603413 316628013 255
i 316628913 316658413 295
316658413 316670.413 210
316670413 316606886 175

316500.00 316550.00 316600.00 316650.00 316700.00

Centrol site:  MobileScanTestCo Control point: 7047 Qrientation: undefined

© Copyright 2015, Teledyne Optech. All rights reserved. E&OE
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Everywhereyouiook Experimental Results

* Trajectory polinomial corrections

. Trajectory Polynomial Correctios " ] e

=

0.350 Polynomial Cerrections
0.300 show east-correction
0.250 ! show north-cerrection
£ 0200 show height-correction
£ 0150
2
E 0.100
S
¢ 0.050 !
= — i 1 —
_——l ., ' -
£ o000 — —— i -+
a H )
w - 0.050 \-\-.,_'. i
= = - 1
= -0.100 g -
m |
£ -0.150 H-"'-._. -
= L. -
W -0.200 | "._'
| . -
-0.250 ' " -~
- 0.300 -""-..R __.d""
-0.350 : —
Control Points
E show targets
o .
ES show on tie-planes
2
= show blunders
o
(]

316480.00 316500.00 31852000 316540.00 316560.00 316580.00 316600.00 318520.00 31864000 3186G60.00 31688000 316700.00

Line: Survey: dEast: dMarth: dHeight:

Control site: Paint: Type: Usage: Slope:

Teledyne Optech. All rights reserved. E&OE
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Everywheroyoulook Project Validation

Loargon Cowdond fiw -~

= =i After self-calibration

.‘lil ..:‘.""x'f' : t.l ;‘: l.ll! (=3 i

Before self-calibration

© Copyright 2015, Teledyne Optech. All rights reserved. E& OE WWW.tEIQd neotECh.Com
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Everywheroyoulook Project Validation

After self-calibration

Brve Lomnes b i |

e W
{

- B obe alkl

Before self-calibration

© Copyright 2015, Teledyne Optech. All rights reserved. E&OE www.teledneotech .com
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Everywhereyoulook™

THANK YOU

© Copyright 2015, Teledyne Optech. All rights reserved. E&OE WWW.tEIEdneotECh.Com



//localhost/fttp/::www.optech.com
http://www.teledyneoptech.com
http://www.teledyneoptech.com/

- reonecrreci  Dojng Business in the middle east

Key Considerations:
1. Clients Level of Expertise

2. Pricing contingencies for:
* Requirements changes
* Low level of expertise
+ Potential payment delays

3. Post Project Support
« Expect significant post project support
* Projects requirements need to be very clear
«  ‘“culture” of mistrust

4. Local partner is critical and often necessary

5. It's HOT!

www.teledyneoptech.com z
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ereoveorrecs  Rijyadh Metro Project

Navmatica has been awarded 2 project

Segments in the Riyadh Metro Project P
1. GNSS Network Establishment

— 200 Permanent Reference Markers (PRM)
2. 3D Topo

— 500 line km collected with Lynx SG1

— Duration: 2 months

— Deliverables: LAS, vectors, DTM, Contours, and

road assets

— Urban canyons & Hi-rise buildings

— Trafficis challenging even at odd hours ’ -

www.teledyneoptech.com
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Everywhereyoulook T h e SySte m. Lynx SG1

LBS

F:' = Camera I

www.teledyneoptech.com
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g ey Processing Workflow

| Control
Survey
Relative Calibration
Data Collection % INS/GPS, Validation Project Check Point
MiSSion |mages + |_|DAR 9 Visual Inspection
Initial Calibration
parameters a TraJeCto ry Calibrated Images
. I—i
) Control Points % AnaIySIS Calibrated Lidar
| —
Planar Image Parameters
EXtraCtlon Validation Report
—
T <> Automated Lidar | \1,
: t%g?amgtérganon Rectification

TerraSolid Post
Processing

-

www.teledyneoptech.com
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o remeorrect - GNSS PRM Network

Established 200 PRM’s

e Techno:
— 18 geodetic GNSS receivers
— Long observation duration
— Leap frogging
— Precise Orbits, Sat Clk Corrections, lono grid
— Constrained Network Adjustment
e Absolute Positioning Accuracy =9 mm

e Relative Precision: 4 mm

e PRMs are used to compute GCP coordinates

— GCP accuracy: 1cm (10)

www.teledyneoptech.com
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e reeovie orrec Ground Control Points in multiple planes

Everywhereyoulook™

www.teledyneoptech.com *
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P [CLEDYNE DF TECH Ground Control Points

16/12/20%4

www.teledyneoptech.com
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o eeomecrreci — Tunnel Ground Control Points

e Established GCPs in Tunnels

e GCP’s Surveyed using Total Stations tied to the PRM Network

Logistical challenges

www.teledyneoptech.com
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e reovecetec — \ultiple-Mission Registration

e e e R AL T
ks [:1,'_._:|l;,:.-h'r."-';': il R TR R A ﬂﬂ.\f
”.-}_ﬂ'q-.{;ﬂl".”ik?'ﬁu A ." LU L ' -

www.teledyneoptech.com
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Everywhereyoulook™ a, r e a.S

before

B )

e R A N g e P -

Statistics Before
Mean 15.4 cm
Std Dev 1.4 cm
RMS 15.6 cm

www.teledyneoptech.com
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AQ Men

-+
Farts
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Everywhereyoulook™

Before

www.teledyneoptech.com
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Everywhereyoulook™

Adjustment

Before

www.teledyneoptech.com
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Everywhereyoulook™

Sample Data

www.teledyneoptech.com
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Everywhereyoulook™

Navmatica

www.teledyneoptech.com *
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AW TELEDYNE OPTECH
Everywhereyoulook™

Navmatica
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Everywhereyoulook™

Navmatica
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Everywhereyoulook™

Vectorization

[
} {l {
1 f
Lt =
LA

© Navmatica

www.teledyneoptech.com
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Everywhereyoulook™ L e S S O n S L e ar n e d

What you see is what you get — Static Laser Scanning might be needed in obstructed

scenes
Proper Mission Planning is a key
Heat is a factor

Urban Centers are challenging for GPS, logistics, permits, etc.
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