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’“‘TELEDYNE OPTECH Coastal Zone Mapping and Imaging Lidar

Everywhereyoulook™

CZMIL

®* The Teledyne Optech CZMIL is an airborne
multi-sensor system designed for highly
automated generation of 3D topobathy
information for the coastal zones.

® Successfully deployed in more than 6 countries
® Field tested in a wide range of environments
®* Designed to comply with DO-160F regulations
+ Electromagnetic Interference (EMI)
» Shock and Vibration
» Crash Safety

© Copyright 2015, Teledyne Optech. All rights reserved. E&OE WWW.tElEdneOtECh.COm
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".‘ TELEDYNE OPTECH

Everywhereyoulook™ I m p I'OVG m e n tS

The improvement constraints to the CZMIL system

® Reduce Size

®* Reduce Weight

®* Reduce Power Consumption

® Increase Reliability

® Increase Environmental Durability

© Copyright 2015, Teledyne Optech. All rights reserved. E&OE WWW.tElEdneOtECh.COm
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N essios CZMIL Nova
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e CZMIL Nova

Lidar Sensor Head

Operator Unit \

CASI-1500
Control Unit \ (optional)
Thermal
Management
System

www.teledyneoptech.com
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".‘ TELEDYNE OPTECH

Everywhereyoulook™ CZM I L EVO'UtIOn
CZMIL 15t Generation CZMIL Nova
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®* Reduced Overall System Size by 30%

Reduced Overall System Weight by 27%
Decreased the Power Consumption by 25%

© Copyright 2015, Teledyne Optech. All rights reserved. E&OE
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"~‘ TELEDYNE OPTECH

EverywhereyeulooK Thermal Management System (TMS) Redesign

The CZMIL TMS is a Peltier element, based hydraulic thermal control system
designed to maintain a precise and constant laser diode set point temperature.

Original TMS Nova TMS
®* Reduced Size by 70% A -
®* Reduced Weight by 70% E .
° Reduced Power by 25% r335 ¥

®* Improved Thermal

Response Time t@ @1 - R
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"~‘ TELEDYNE OPTECH

e Operator Rack Redesign

The CZMIL Operator Rack houses
* System Level Interface Computer
®* Real-time computer

® Data storage computer

° Network switch

° Reduced Size by 28% Original Operator Unit Nova Operator Unit
° Reduced Weight by 25% = =
°* Improved System - e | L
Reliability & Field I - E
Serviceability - B— -0 == =

© Copyright 2015, Teledyne Optech. All rights reserved. E&OE WWW.tElEdneOtECh.Com
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Everywhereyoulook™

Laser Redesign

The 2-piece CZMIL laser was integrated into a single laser unit.

Reduced Size by 8%
Improved Ruggedization

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

Original 2-Piece Laser System

:£/ Laser Head

—)

Laser Diodes Inside

Nova Integrated Laser System

Integrated Laser
Head (with diodes)

L1 |

o]
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= e R Piper Navajo Integration

The CZMIL Nova has been integrated
into a Piper Navajo
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= e R System Platform Integration

The CZMIL system has been successfully integrated in...
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Everywhereyoulook™ C O n C I U S I O n

The CZMIL Nova offers
®* Enhanced system reliability

®* More versatile platform integration for smaller &
more economically efficient aircraft

®* Reduced payload = Greater fuel carrying capacity =
Longer flights!

© Copyright 2015, Teledyne Optech. All rights reserved. E&OE WWW.tElEdneOtECh.COm
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o e HydroFusion

o ol
11¢

Flight Data Data Data Fusion
Planning o Q Processing Q Analysis O Output

®* HydroFusion is a powerful end-to-end software suite for
CZMIL Nova

®* HydroFusion automatically produces high-resolution 3D
data and environmental image products by combining
data from three lidar, hyperspectral and digital metric
camera—within a data fusion paradigm

www.teledyneoptech.com
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g b R HydroFusion

@ roofusionvi20 - WG TR T |

File View Tools Configuration Help

0: Master Control 1: Data Download _Synchronization i 2: Point-Cloud Auto-Processor \ 3: Manual Point-Cloud Editor i 4: Image Generation f 5: Feature-Extraction/Classffication f 6: Environmental Products Processor

¥ Process Manager Globe | Search J Parameters

= ISR EENEER IR
ENEEL

Distance between FLs (m) 150.0

< (T}

¥ Layer Manager

(22 Miscellaneous
=-Z3 Planner
(=4 Polygons
(A Flightlines
(22 Shape Files
(LA Flight Lines
@ rol
{4 Environment
(A Classffication
Camera

¥ Data Manager

= czZMIL
b SHOALS

TDOP
| Solar
B Tide

| Flight Line

Error Log
Search Results ( Plot

06/18/15,06:00 06/18/15,12:00 06/18/15,18:00 06/19/15,00.00
Lat: 41.987133, Lon: 153.470245, Rot: 0.0, UTM Zone: 56 N

www.teledyneoptech.com 3
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= e o HydroFusion Enhancements

® Lidar download program
® Lidar processing enhancements

* CZMIL Manual Editor
+ QA/QC capability
® Lidar Geo-calibrator program
®* Camera color balancing
®* Volume Visualizer

Enhance the overall workflow productivity

www.teledyneoptech.com
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o Lidar Download Program

Production time vs Download Time

B Production time ® Download time

* CZMIL data rate: 700 250 GB
* 10 kHz Deep bathy 5 %%
» 70 kHz Shallow bathy 2 s0.00
* 80 kHz Topo émoo
»  CZMIL has 9 channels and 2 o
waveform storage is s %

10.00 20GB

standard :
-GGB
0.00
1

2 3
DATASETS

www.teledyneoptech.com
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L e A Lidar Download Program

® Download the CZMIL data in half the time it takes to
collect the data

®* The program uses multi-threading architecture

®* A data compression ratio of approximately 3:1 is
achieved (raw data: downloaded data)

www.teledyneoptech.com


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

"~‘ TELEDYNE OPTECH

Everywhereyoulook Lidar Processing Enhancements

| 8B CME Software - CZMIL Waveform Viewer V124 - 02/16/15 oD e S

File View Multi-Wave Tools Help

[CZ00MD12001_P_120508_1206_B_00017.cpf |[261203 |[-26.26°

Surface return

816 7

714

612

Water column
backscatter

v

Waveform 1

s3unoD

408

Bottom return

d

64 128 192 256 320 384 448 512 576 640
Time (ns)

306

204 |

102 _J

Typical bathymetric waveform
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IR Doyt Lidar Processing Enhancements

B8 CME Software - CZMIL Waveform #

File View Multi-Wave Tools Help

[CZ00MD12001_P_120508_1206_B_00017.cpf 201125 |[71.1

s Surface return

918 7

816 7

Water column
backscatter

714

' 612

Waveform 2 | q..

s3unod

408

| 306

204

102

64 128 192 256 320 384 448 512 576 640
Time (ns)

Typical bathymetric waveform
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"~‘ TELEDYNE OPTECH

Everywhereyoulook Lidar Processing Enhancements

B8 CME Software - CZMIL Waveform

evie
File View Multi-Wave Tools Help

|czoomD12001_P_120508_1206_B_00017.cpf |[205209 |[-71.21
- Surface return
Water column
. backscatter
|
Waveform 2 | g..- /
| - Bottom return?
|
l 102 7|
l WA/J
Time (ns)

Typical bathymetric waveform
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Everywhereyoulook Lidar Processing Enhancements

Point cloud

\ 24.00
ater su

2 30.00

'y 36.00

[ ——————— 14200

\\\

B

\\7\\

e N\ Depth 43m|

Waveform 2
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Everywhereyoulook Lidar Processing Enhancements

Where P; is false-
index alarm probability

" . P, = Y/ Erfc|Erfc*(2P,)-D
° We employ “classic” signal ° %2 [Erfe'(2P,)

detection theory when oo <>°°°°°°°°°°:°°°1° 5
. c o =1le-
detecting bottom returns g 08 \ f
+ For every detected return 3 06 J
probability of detection (P,) z.o.
value is reported for a given ig 0.3 ¥
false alarm probability R gi o
’ ¢
. . <&
®* We have adopted a heuristic T e e s 1w b w
approach to interest point _  Dindex .

. . . ® D, 4 is a better discriminability index metric than
detection by Incorporating Signal to Noise ratio for optical signals
spatial information + The noise distribution is a function of the

signal

+ Noise distribution is not normal

www.teledyneoptech.com
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"~‘ TELEDYNE OPTECH

Everywhereyoulook™

Lidar Processing Enhancements

CZMIL DEM

Sonar DEM

s | Optech Volume Profile Plot =l &}

800

600

Return From The
Object

Bottom
200 \ / Return

0

Intensity

FY
8

0 5 10 15 20 25 30
Depth

Secondary return from one of the objects
clearly visible in the CZMIL waveform

Each individual 1m conical object can be identified

CZMIL data courtesy of JALBTCX
www.teledyneoptech.com 12
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IR Doyt Lidar Processing Enhancements

High surf zone
illustration:

Kauai, Hawaii E— CZMIL data courtesy of JALBTCX

www.teledyneoptech.com 13
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Everywhereyoulook™ S U I’fa Ce d ete Ctl O n

®* Areas of breakwater can

result in “sea sprays” or ACt:a' sea
" ” . surface
sea smoke” that in turn o \

can result in returns
much earlier than the
actual sea surface return

+ This leads to inaccurate
depth measurement

www.teledyneoptech.com
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IR Doyt Lidar Processing Enhancements

oty 15.00
Pt
ST
e it 18.00
o
e 1
bR
'-JF. .’~
:gg . 21.00

Sea surface

24.00

\ A"\ P, —> Actual sea bottom
M MK Sea bottom If

uncorrected
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Everywhereyoulook Lidar Processing Enhancements

-32.00
-32.00

\\ -28.00
™\ Sea spray
=24.00
/ returns
[/ -20,00
Sea surface g
. -16.00 é
=
o
-12.00 3
5 3
" 8.00 ~
Sea bottom
. e [T —_—— @ |-4m0

e e [ X: 1

Q 237
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R L necuiose Lidar Processing Enhancements

High surf zone R

CZMIL data courtesy of JALBTCX

www.teledyneoptech.com 17
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A L meione CZMIL Manual Editor (CME)*

File Edit Utiliti

Bld s xEE2Eve O CEE?CEEY 000000 8 XEFYLTFLEE - B> ¢ /> &>

CME enables QA/QC of CZMIL data and
offers a wide range of bathymetric
editing tool. Some of the features
include:

* A 3D Editor that offers the benefit of
inspecting and editing data outliers.

* A Waveform Viewer to visualize all
the 9 CZMIL channels.

* An Attribute Viewer that provides
information to analyze various
environmental and systematic
parameters.

Survey Overview

hf_sub_structure

Status | Layers |

N 25 59 10.60
W 080 05 49.49
23

5.2959

25.62

30.62

37.21

2,00

*Essentially PFM ABE, but integrated
into HydroFusion processing work flpw

www.teledyneoptech.com 18
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TELEDYNE OPTECH
Everywhereyoulook™

oftware - itor V6.03 - - Number of points -
CME Softws 3D Editor V6.03 - 12/31/14 - Number of poi 203¢

648

File Edit Layers Help

HE=E@

LS

2D Tracker

hf_sub_structure
Coastal Zone Mapping and Imaging LIDAR For|

[ ot N 2557 28.10
(OSSN Lon: W 080 06 43,59
[1238 T Rec: 430560

1211 Sub: 0

1587 Z 2549

1764 HYV: 0.00/0.00
1941 Exag: 28.318

2117 Attr 1; 20150621704
2294 Attr 2: 0.0000
2470 Attr 3: 0

CZ08MD15001 P_150303_1649_C_00003.cpf | | CZ06MD15001 P_150303_1649_C_00003.cpf

Delete subrecord/record mode

CZMIL Manual Editor (CME

JEREXTTY

Shoreline

2 dolas Baaiindc

Sea floor

www.teledyneoptech.co

Attribute Vie

File Help

Record number: 834067
Date/Time : 2015-03-03 (062) 17:05:46.34

Reference latitude : X
Reference longitude :V/ 080 05 18.59
Water level :0,000000

Local vertical datum offset :0.000000
Kd:0,0000

Laser energy :0.0000

TO interest point : 31,1

Channel[0] Return[0]
ud

Longitude: w 080 05 18,59

Interest point rank :01
Reflectance : 0,000000
Horizontal uncertainty : 0.000000
Vertical uncertainty : 0.000000
Return status : 0x0002
CZMLRETURN.FILTER_ WAL

d
Probahllltvofdeteclnn 1,000000
Filter reason :

UNKNOWN F[LTEF{ REASON

Processing mode : 1

Bare earth latitude :N 25 57 31.40
Bare earth longitude : W 080 05 18.53
Bare earth elevation : -20.86535%

CSF Data
Scan angle : 347063385

Platform latitude :N 25 57 30.02
Platform longitude : W 080 05 24.73
Platform altitude : 433.424988
Roll: 1,546000

range in water :
intensity : 0. 000000
intensity in water - 0000000
range i water

range in water :
intensity :0,000000

0]
0]

0]

1

1

1

2

2 nu

2] intensity in water : UUUUDUU
3] 000!

3]

3]

4]

4]

4]

Channel[3] intensity in water
Channel[4] range in water :
Channel[4] intensity : 0,00000
Channel[4] intensity water 0.000000

=
bl | | sice

£
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e CZMIL Manual Editor (CME)

Waveform Viewer: To visualize all the 9 CZMIL channels

- CZMIL Waveform Viewer V1.22 - 07/23/1:

elp

Deep

+ Bottom return
] !

64 128 192 256 320 384 448 512 64 256 320 384 448
Time (ns) Time (ns)

1Surface return

/ Bottom return
c
i )
256 320 384 448 512 64 128 192 256 320 384 256 320 384 448
Time (ns) Time (ns) Time (ns)

10207
918 7
B16
714
612 -

256 320 384 448 256 320 384 38 76 114 152 190
Time (ns) Time (ns) Time (ns)

User can inspect corresponding waveforms of a laser shot
www.teledyneoptech.com 20
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e CME Attribute Viewer

EHSulﬂware-Amibuneu;wa.m-u.. o] o | Tn i"terEEt mi"t : IEIg

R — Channel[8] Return[1]

Date/Time : 2012-05-08 (129) 13:28:53.31
Timestamp : 1336483733307533 -
G Latitude : M 26 01 33.38
Reference latitude : N 26 01 33.40 v 1
l| Reference longitude : W 080 06 59.76
toc el dntam. L itude : W 080 06 59.81
Local vertical datum offset : 0.000000
Local vert ongriuae . .
Elevation : -24. 533000

] 1

e 2 Interest point : 40.3 | value | Description |
Hortontalacertainty :0 5000 Interest pﬂ'il'lt rank:=02 P Unknown class for the shot

Return status : 0x0002 Land class

CZMIL_RETURN_FILTER_INVAL

) ) 1
o ecton: 000000 Classification : 0 ﬂ Reserved for future land sub-
1.000000
| 32

TO interest point: 16.9

Filter reason : 16
classes

e s A e Probabilitv of detection :
Water class

Plat';;-rrln?ll:éiéﬂglelfr{lsgssm 34.70 EI D‘ﬂtﬂ “
Platform longitude :V 080 0 54.44 Shallow water class
E"EE?E%EE?EIHMH%Q 5:-3 " ﬂ "g IE : II:IE 1 EE 1398 m Average Depth

201370

s = .
‘Channel[0] range in water : 0.00000 L 1] “
o SRR |F'li|tﬁ:}rm latitude : T P6 01 34.70 Lo
Channel[0] intensity in water :0.511300
Channel[1] range in water : 0,000000 C — |I|
Platform longitude : W 080 06 54,44
Channel[1] intensity in water :0,321200 ﬂrm " “ E n []

Channel[2] range in water : 0.000000

Channel[2] intensity : 0,293300 I l I_' It- .

Channel[ 2] intensity in water : 0293300 P It 3 ? 1 E 1 3989
Channel[3] range in water : 0.000000 ﬂrm 'ﬂ “ E n 1
Channel[3] intensity : 0. 138300

Channel[3] intensity in water : 0, 188300 v

Channel[4] range in water : 0.000000 ﬂ - 1

Channel[4] intensity : 0. 161100

Channel[4] intensity in water :0.151100 -

Channel[5] range in water : 0,000000 n

Channel[5] intensity : 0. 195700 c n 1

Channel[5] intensity in water :0, 136700

Channel[6] range in water : 0.000000 -

Channel[6] intensity : 0. 561300 1]

Channel[6] intensity in water :0.5561300 H Eﬂd I"g 1) EE ?I g 18 H 3
Channel[7] range in water : 0000000

CZMIL metadata is easily accessed by a user query.

www.teledyneoptech.com
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"~‘ TELEDYNE OPTECH

Everywhereyoulook New QA/QC Functionality: Reprocessing tool

Example point cloud shown in CME 2D view

File Edit View Tools Layers Help
EXSXRREL v 8 O & BZs ¥V D00 E&E D73
) & & e

REE¥L T HFREEEEE 4 - ©

Point cloud withoudter
suafacsurface.

™ Minimal shorelines gaps

www.teledyneoptech.com
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".‘ TELEDYNE OPTECH

Everywhereyoulook New QA/QC Functionality: Reprocessing tool

Point cloud in CME-3D editor window. Point cloud is colored
based on classification

B CME Software - 3D Editor V6.18 - 04/03/15 - Number of points - 172470 C=HEa T
ile| Edit View Layers Help

HE@ QA0 2% 0O REREE ©9 06 @< - B> B|¥|%

DF o 8 AASDBPPEERA D=2 P 8 ~HEEHE o S48 < KB

Gap less tha;iian:ﬁif

k Sea surface

B Land
- Water
=

www.teledyneoptech.com
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".‘ TELEDYNE OPTECH

Everywhereyoulook New QA/QC Functionality: Reprocessing tool

3D view of the point cloud bftfarecrpnoaassssmng

Point cloud is colored based on the classification

B CME Software - 3D Editor V6.18 - 04/03/15 - Number of points - 20268 o] s ]
File Edit View Layers Help
HE@ L BB 2 Z 0O RERREE ©9 6 00 - B B|&|%
DEF R AL SBPPESEY A IRl ~BEEE = {8 4]
o sice
2D Tracker |_Area-BasedFilter | Hocd 4 |*

B AAFIAR : Es
iiiiiiﬁiﬁi t g
EEEZEEZEEEUINZRADZL G

- Water
= shallow

508_1206_B_00017.cpf

www.teledyneoptech.com
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TELEDYNE OPTECH

Everywhereyoulook™

New QA/QC Functionality: Reprocessing tool

Shots can be re-labeled
and reprocessed on-the-fly!

Point cloud in CME-2D view window
before re-processing the data to fill gaps

Point cloud in CME-2D view window after
re-processing the data
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P Eotesioc Calibration Site: Stennis Airport

Stennis
International
~ Airport Terminal

JALBTCX & Optech,
Kiln office
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o i Geo-calibrator Program

Everywhereyoulook™

Stennis international airport in Kiln, Mississippi
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Ground truth data overlaid on CZMIL reflectance image
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e Geo-calibrator Program

Ground truth shown
for reference 1,0000000

0.00000000
1.0000000
& Aoply

10000.0

Constrained non- linear optimization technique that
minimizes a “function”. Here the function is the
“dissimilarity” of the roof-top surface over the wide
range of observations.

Un-calibrated point cloud over pitched roof before Geo-calibration
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o i Geo-calibrator Program

Everywhereyoulook™

o-Calibration Tool
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Point cloud Geo-calibration
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e Geo-calibrator Program

oD )

0.00000000
1.0000000
0.00000000

1.0000000

jml: -1.0100000

Point cloud over pitched roof after automatic Geo-calibration
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e Geo-calibrator Program

Color by data Color by channels Color by scan direction @) Color by flightline

FL_00001

. Point data color coded

FL_00004

154

FL_00005

by scan direction

FL_00007T

5.6

158
FL_0000B

“16.0

soid Height (m)

6.4

| | : Point data color coded
| s R T e e by channel number

-166

FL_00001
FL_00002
FL_00003

FL_00004

FL_00005

o Point data color coded
' by flightline number

Elipsoid Height (m)

4.0 264586.0 264588.0 2645000

264578.0 264580.0 264582.0 26458,
Easting (m)
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".‘ TELEDYNE OPTECH

eeywheeyouook. @€0-Calibrator Program: Data Validation

South Florida Test Facility (SFTF),
south of Ft. Lauderdale, Florida

- e

0 Maste 1 Data Dowrload Synchvonzaton 2 Port Qoud Auto-Processor < Mo it G
Gabe | Search | Paramaters

ez |olgim= s Neis| 22].5 1@
r -

* Ground truth data can be
imported in the form of
ESRI Shape file or LAS file

 Comparison methodology

e Surface — Surface
* Point — Point

-

CZMIL data collected ée;hxlrovéAautomatiéélly validated against ground truth
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eeywhereyouoo @€0-Calibrator Program: Data Validation

&) HF Geo-calibration: Bathy Validation Plot — o 0 ] |
File Edit Inset Operations Window Help
EeEdsS « [w AOMWE - ANDO G R 1000 — o | I g T 1T T
— IHO Order Special r N
CZMIL Requirement 800 — —
CZMIL Bathy Vertical Uncertainty Plot | — IHO Order 1a : B
1.0 TTTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT = &
r : n Z 600 [— —
—_ — 1 S — ]
= - g -
2 o5 - - — & 400 — —
= — N . - )
> [ T z o - —
c F - —~
2 — 200 — —
[ L - -
2 L - -
=] L =
K = 0
£ - -0.4 02 0.0 02 04
g Error (m)
i L
o [
— | H |
_1 0 _I | | | | Y B | | | R B | | | I I_ Samples ~ 15000
0 10 20 30 40
Depth [m] Mean 0.0019m
Standard Deviation [0.1127m
i 576 Absolute Deviation |0.0787m

For the sample space described in the table
~98% of shots are within the red curve

CZMIL data collected can be automatically validated against ground truth and
extensively tested by JALBTCX
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e Camera Color Balancing

Histogram matching technique is used to remove
cloud shadows

Color balancing of image mosaics in HydroFusion
before balancing is applied (left) and after (right)
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i T Volume Visualizer

Sea surface

|
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Detected sea floor

L 149 ( o878 757 3N
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N N e Volume Visualizer

Detected seafloor: Close-up
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Everywhereyoulook™ VOl U m e VlS U a | |Ze r

Sea surface

Waveform-based derived point cloud Automatic seafloor detection within
within Volume Visualizer Volume Visualizer

Improve coverage in deeper waters using the image-based “edge detection” technique
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Everywhereyoulook™ VO I U m e V | S U a I | Ze r

Waveform based derlved point cloud
The detected seafloor can be exported

out to a LAS file

Corresponding point cloud generated by Volume
Vlsuallzer

The next step is to validate
the point cloud generated by f
Volume Visualizer and

integrate into the processing

workflow —
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N N e Volume Visualizer

Time-synchronization of waveforms enables “accurate” 3D scene rendering

Tree canopy
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Everywhereyoulook™

Thank youl!
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