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Introduction

Airborne LiDAR data collections were conducted over Glaciers in western
Canada between August 22" and 30™ of 2006. The LiDAR survey was conducted with
an Optech ALTM 3100 sensor. The Data set was processed in Optech’s Realm software
and saved in LAS binary format. The ‘all hits’ data were classified into ground and non
ground returns. The LIiDAR Data sets are relatively large and need to be broken down
into more manageable sections. Each survey was broken down into 1 km tiles. The bridge
glacier was the exception as this survey needed to broken down into two kilometer tiles
due to the large area covered. The tiles were processed in a number of different software
environments before reaching the final output. This Report outlines the data acquisitions
specifications and the steps taken to convert the raw LAS output files into raster grids in
Surfer and Arc formats.



ALTM 3100 survey specifications:

GSC Survey-J Day238, August 25" to J Day August 29"

Location Laser Scanner | Scan Angle Beam Strip Flying Flying height
Frequenc | Rate (Hz) | (xdegrees) | divergence | overlap | Speed (ma.g.l)
y (kHz) (%) (knots)

Peyto 33 25 20/21 Narrow 50 160 1000-2000

Helm 33 23 21 Narrow 50 140 1500-2500

Weart 33 18.5 23 Narrow 50 140 2500-2500

Whistler 33 16.5 23 Narrow 50 140 1500-2500

Bridge 33 17 23 Narrow 50 140 2000-3000

Sentinal & 33 24 22 Narrow 50 138 1500-2500
Garibaldi

Place 33 22 22 Narrow 50 140 1500-2500

Table 1: ALTM 3100 survey specifications for the GSC survey.

Installation of ALTM into Twin Otter Aircraft from Ken Bork Air Ltd:

[

Photos by Dr. Christopher Hopkinson and Peter Horne




Peyto Glacier — This survey was conducted on August 25". The survey had 10 flight
lines. The survey took approximately two hours to fly. There were some light clouds
when the survey was conducted but did not prove to be an issue. The Air temperature at
ground was 20 degrees Celsius. The ground conditions were dry. This survey was flown
by Doctor Christopher Hopkinson. The image below shows the area that this survey

covered.
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Figure 1: Peyto Glacier 10m grid



Helm Glacier - This survey was conducted on August 26'". The survey had 7 flight lines.
The survey took approximately 1 hour to fly. There were no clouds when the survey was
conducted. The Air temperature at ground was 30 degrees Celsius. The ground conditions
were dry. This survey was flown by Laura Chasmer and Peter Horne. The image below

shows the area that this survey covered.
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Figure 2: Helm Glacier 10m grid



Weart Glacier- This survey was conducted on August 26". The survey had 5 flight lines.
The survey took approximately 1 hour to fly. There were no clouds when the survey was
conducted. The Air temperature at ground was 30 degrees Celsius. The ground conditions
were dry. This survey was flown by Laura Chasmer and Peter Horne. The image below

shows the area that this survey covered.
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Figure 3: Weart Glacier 10m grid



Whistler- This survey was conducted on August 26™. The survey had 7 flight lines. The
survey took approximately 1 hour to fly. There were no clouds when the survey was
conducted. The Air temperature at ground was 30 degrees Celsius. The ground conditions
were dry. This survey was flown by Laura Chasmer and Peter Horne. The image below
shows the area that this survey covered. This area was not on the list of survey objectives
but was flown because it was on the transit between two other surveys and it ‘seemed like

a good idea at the time’, given the 2010 Olympics are to be located at this site.
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Figure 4: Whisler 10m grid



Sentinel Glacier- This survey was conducted on August 27", The survey had 14 flight

lines. The survey took approximately 2 hours to fly. There was no cloud cover when the
survey was conducted. The Air temperature at ground was 15 degrees Celsius. The

ground conditions were dry. This survey was flown by Laura Chasmer and Peter Horne.

The image below shows the area that this survey covered.
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Figure 5: Sentinal Glacier 10m grid



Bridge Glacier- This survey was conducted on August 27". The survey had 14 flight

lines. The survey took approximately 4 hours to fly. There was no cloud cover when the
survey was conducted. The Air temperature at ground was 15 degrees Celsius. The
ground conditions were dry. This survey was flown by Laura Chasmer and Peter Horne.

The image below shows the area that this survey covered.

Figure 6: Bridge Glacier 10m grid



Place Glacier- This survey was conducted on August 29". This survey was originally
flown on August 26" but had to be flown again due to effects caused by GPS roll over on
the GPS data. The survey had 8 flight lines. The survey took approximately 1 hour to fly.
There was 5% cloud cover when the survey was conducted. The Air temperature at
ground was 20 degrees Celsius. The ground conditions were dry. This survey was flown
by Dr. Chris Hopkinson. The image below shows the area that this survey covered.

!

e s
e D

5582000

5581000- ) 74

523000 524000 525000 .

T

4500 527000 528000 520000 530000 31000 532000

Figure 7: Place Glacier 10m gird
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Data processing summary:

GPS trajectory and inertial measurement unit data were integrated and processed with the

Applanix proprietary ‘PosPac’ software environment.

The IMU, GPS, Return Intensity data were integrated Optech’s proprictary ‘REALM’
software. The data output was processed by flight line and saved in the binary ‘LAS’
format. The data were then imported into Terrascan and classified into ground returns
before being exported to an ASCIlI XYZ format. The data were gridded in surfer and
saved in GRD and ASC format. The ASC files were imported into ArcGIS and saved as a

raster. See description below describing the tiling, classification and gridding procedures.

All data have been outputted relative to the GPS base station location coordinates relative
to the NAD83 CSRS datum. All elevations are ellipsoidal and all coordinates have been
outputted in the UTM projection. Apart from Peyto, all GPS base stations were set up as
close to the survey locations as was convenient at the time of the data acquisitions. It was
not possible to locate over known monuments due to timing and sky view factors.
Therefore, all base station positions were calculated using the NRCAN online Precise

Point Positioning (PPP) service.

GPS base stations:

Peyto Glacier Base Station Info

The GPS base station that was used for validation was located at:
Name: P - Joanna

NADS83 coordinates provided by the Geological Survey of Canada:
531559.327

5726322.137
2215.825
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Helm, Weart and Whisler Glacier Base Station Info

CSRS-PPP

(Processing Software Version: 104 246 )

Processing Summary for Pemberton_2380.060

Dhata Start Iata Emd
2006-08-26 22:56:20.00 2006-08-27 03:19:54.00
Apri/ Aposteriori Phase Sid Apri/ Aposteriori Code Sid
0.015m / 0.011m 2.0m i 1.042m

Chhservations Frequency Made
Phase and Code L1and L2 Static
Elevation Cwi-CHI Rejected Epochs Estimation Step
10,000 degrees 0.02 %% Same as Input RINEX File
Antenna Model APC o ARFP ARP to Marker
0000 m 0000 m

[APC = antenna phase center; ARP = antenna reference point)

Estimated Position for Pemberton_2380.060

Latitude {+m) Longibude (+e) Ell. Height
{dms) {dms ) {mj
MNADEI-CERS SO1E 110210 =122 44 19.245] 192,124
Sigmas 0.004 0010 001G
Apriori 018 11053 -12244 19318 193,807
Estimaited - Apriori -0.975 m 1.473 m -1.682 m

(Coordinates from RINEX file used as apriori positicon)

18:19:17 UTC 20060828 1 Pemberion 2280, 060
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Estimated Parameters & Observations Statistics
iMNote 1: 1 plotted point = average of 32 estimated points)

iMote 2: Estmated Tropospheric Zenith Delay Plottad)

Latitude bifferences [ 22:35:20 UTC 2006/08/26 )
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Longitwle Differences [ 22:55:20 UTC 2006/08/2E ) E
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1E19:97 UTC 200608528 3 Pemberion_2 380,060
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W R

Height Std. Dev.  22:55:20 UTC 2006/08/26 )

net res

W Height sigms
Helght =00 (max,mind = (12 202, 0, ME)

T | (R

Tropospheric Zenith Delay ( 22:55:20 UTC Z00E/08/26 )
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W TED =igma
TMRORD 5.0 Chasnin] = (0,100, 0,001

Peambartan_2380 06 4 19: 1917 UTC 20068005
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Station Clock Offset [ 22:55:20 UTC 2006/08/25 )
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181917 UTC 200605028 5 Pemberion 2280.06a
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Carrier Phase Residuals ( 22:55:30 UTC 2006/02 26 ) f
01—+t t + t t 1 t —t——1 t + r
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Arbiguities ( 22:55:20 UTC 2006/08/26 )
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CSRS-PPP Duplicate RINEX Dats Bloc)
A duplicate data block hus been removed from vour RINEX obsereation File.
Your RINEX observation file contains duplicate time tays.

First duplicaie epoch (fime: 200608262 3003 7 000000) was removec,

=== Dhisclaimer ——-
MNatural Resowrces Canada does nol assume any Bability deemed to have been cansed direcily
or indirectly by any content of its FPP-On-Line posifioning service.

Pambatan_23B00Ex 4] 19:99:4 7 UT C 20060928
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Sentinal Glacier Base Station Info

CSRS-PPP

(Processing Software YVersion: 104 2446 )

Processing Summary for CAM_2390_sentinel.06o

Data Start ata Emid
2006-08-2T 16:40:26.00 2006-08-27 19:03:21.00
Apri/ Aposteriori Phase Sid Apri/ Aposteriori Code Sid
(1.015m S 0.013m 2.0m/ 0.734m

Ohservations Fregquency Muode
Phase and Code L1 and L2 Static
Elevation Cwi-O0F Rejecied Epochs Estimation Siep
10,000 degrees 0.01 % Same as Input RINEX File
Antenna Model APMC to ARP ARP to Marker
0,000 m 0,000 m

[APC = antenna phase center: ARP = antenna reference point)

Estimated Position for CAM_ 2390 sentinel.06o

Lafitwde (+m) Longiiude (+¢) Ell. Height
(s} (dms) ()
NADRICERS S0003 38,1320 -125 06 31,5428 495,106
Sizmas 0.005 0.008 (ERTR
Apriori 50003 38,191 -123 06 31620 S03.9006
Estimated - Apriori -1 83T m 1.539 m -8 B0 m

(Coordinates from RINEX file used as apriori position)

1E30:23 UTC 200608128 1 CAN_2330 _sentinel.0Ea
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Estimated Parameters & Observations Statistics
iMote 1: 1 plotted point= average of 17 estimated points)

iMote 2: Estimated Tropospheric Zenith Delay Plotted)

Latitwde Iifferences ( 16:39:26 UTC 2006/08/27 )
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CAN_2390_senlinel. (6o 2 19:20:33 UTC 2006108928
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Wi e

Longi twde Differences [ 16:39: 26 UTC 2006708727 )
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Height Sted. Dev. { 16:39:26 UTC 2006/03/27 )
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Station Clock OFFset [ 16:39:26 UTC 200608727 )
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Carvier Phase Fesiduals § 16:39:26 UTC 2D06/08727 )
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Ambiguities ( 16:39:26 UTC 2006/08/27 )
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=== Disclaimer ——-
MNatural Resownrces Canada does not assume any Bability deemed to have been cansed direcily
or indirectly by any conteni of its FFP-On-Line positioning service.

CAlL 2390 sentineal D6o G 189:20:33 LT C 20060085
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Bridge Glacier Base Station Info

CSRS-PPP

(Procvessing Sollware Version: 104 246 )

Processing Summary for CAM_2390_bridge. (oo

Daia Start

2006-08-27 2201 80400

Apri/ Aposteriori Phase Std

0.015m/ 0.012m
Ohseryations

Phaze and Code

Elevation Cwi-CHT

10,000 degrees

Anbenma Model

[APC = antenna phase center, ARP = antenna reference point)

Fregquency
L1and L2
Rejected Epochs
0ol %
APC o ARFP

0.000 m

rata Emad

2006-08-28 02:00: 14.00

Apri/ Aposteriori Code St

-
=

Omd 1.048m
NMade

Static

Esfimation Siep

Same as Input RINEX File

ARF to Marker

0000 1

Estimated Position for CAM_2390_bridge.060

NADRI-CSRS
Sirmas
Apriori

Estimated - Apriori

50 34 12.995]

Latitade (+n)

{dms)

0.004
50034 15087

-1.282 m

Longitude {+e)

{dms)

-125 16 22 84401

0.008
=123 16 22882

0,829 m

(Coordinates from RINEX file used as apriori position)

Ell. Heiphi
{mj

a2.221

't

0al4

Lk

J02.242

0021 m

183810 UTC 20060528

CAI_2390_bridge. D60
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Estimated Parameters & Observations Statistics
(Mot 1: 1 plotted point= average of 27 estimated points)

{Mote 2: Estimated Tropospheric Zenith Delay Plotted)

Latitude Differences ( 22:17:04 UTC Z006/08/27 )
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Longitwde Differences [ 22:17:.04 UTC 2006/08/27 )
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Height Std. Dev. ( Z2:17:04 UTC 2006/08/27 )
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Station Clock Offset [ 22:17:04 UTC ZODESDESZT )
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183510 UTC 200505528 5

CAl_ 2390 bridge.DEa
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Carrier Phase Residuals { 22:17:04 UTC 2006S08/27 )
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=== Disclaimer ——-
Matural Resowrces Canada does nol assume any lability deemed to have been cansed direcily
or indirectly by any conlent of its FFP-On-Line positioning service.

CAM_2330_bridge06a L 189381 0 LT C 2006008 28
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Place Glacier Base Station Info

CSRS-PPP

(Processing Sofiware Version: 104 2446 )

Dhata Start
2006-08-28 25:532:28.00
Apri/ Aposteriori Phase Sid
0.015m /0001 2m
Ciservations
Phasze and Code
Elevation Cui-CHT
10,000 degrees 002 %
Antenma Model

0,000 m

Frequency
L1and L2

Rejecied Epochs

APC to ARP

Processing Summary for CAM_2410_Place2.060

ata End
2006-08-29 01:21: 2600
Apri/ Aposteriori Code Sid
20m/ 1.211m

Muode

Static
Esfimation Step

Same as Input RINEX File

ARPFP to Marker

(.00 m

[ APC = antenna phasze center; ARP = antenna reference point)

Estimated Position for CAM_ 2410 Place2. 060

Latitnde (+n) Longiiude (+e) Ell. Heighi

{dms) {dms) {mj
MNADRI-CSRS 50018 11.0954 -122 44 190377 191903
Sigmas 001z 0027 0043
Apriori 50018 11,100 -122 44 19095 191,588
Estimated - Apriori -134 m 1131 m 0314 m

(Coordinates from RINEX file used as apriori position)

1BET03 UTC 20060823 1 Cal_ 2110 Flace? D6
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Estimated Parameters & Observations Statistics

{Mote 1: 1 plotted point= average of 13 estimated points)

(Mot 2: Estimated Tropespheric Zenith Delay Plottad)
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Longi tude Differences [ 23:31:28 UTC 2006708728 ) E
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Height Std, Dev. { 23:31:28 UTC 2006/08/23 )
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Wi | (R

Station Clock O0ffset [ 23:31:28 UTC 2006708728 )
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Carrier Phase Residuals ( 23:31:28 UTC 2006/08/28 ) f
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=== Disclaimer -—-
Mafural Resources Canada does not assume any Eability deemed to have been cansed direcily
or indirectly by any content of its PFPP-On-Line positioning service.
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Output file locations:

All laser pulse output data are organized into one main directory on the GSC lidar hard

drive and named according to the individual survey site:

— Peyto Mame = I

JPeyto
— Helm S)Helm
— Weart ) Weart

. Whislter

—  Whistler =

) 5entinal
— Sentinal ) Bridge
— Bridge [)Place

) Photos
— Place

Within This directory are three sub directories:

— Non Ground (XYZ) Enrin;mund

— LAS Binary [LAS Binary
iEround

— Ground (XYZ, GRD, ASC) JOverview

—  Overview

The ‘Non Ground’ directory contain all return data; i.e. first, second, third and last returns
saved in tiles. This data was then classified extracting all non ground the data. The data is

divided into 1 km x 1 km patch files. These files are saved in a .xyz file format.

The ‘LAS Binary’ directory contains the raw flight line data. This data is stored in a .las

file format. Must of the LAS files do correspond to the flight lines but not in all cases.

The ‘Ground’ directory contains ground return data. This is generally the last return. The
data is divided into 1 km x 1 km patch files. These files are saved in a .xyz, .grd and .asc

file formats. The xyz files additionally contain the intensity for each return.

The ‘Overview’ Directory contains a decimated grid of the area. It is stored in both .grd

and .xyz formats

The DGN file that is included in the main folder this for processing within Terrascan.
This is the fence that the tiles were generated from. The tiles are also number according

to this fence starting in the upper left as tile 1 and reading across then down.
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XYZ file data formats:

Each xyz file is named with a numerical identifier showing the tile number. The ASC,
GRD and XYZ files for the ground classification also contains tile number plus the upper
left (north western) corner coordinate of the square patch. For example: the upper left
coordinate for file named ‘TO1_5440000_5694000.xyz’ is:

Easting 544000

Northing 5694000

Data tiling and ground classification

Terrascan is a component of Bentley Microstation. This software was used to
separate the LIDAR Data set into more manageable One kilometer squared tiles, and to
classify the data into ground returns. Bridge Glaciers was the exception. This survey was
broken into two kilometer tiles due to the large size of the survey. The output from
Terrascan is xyz text files. Terrascan is found under the “MDL Applications” within the
utilities menu. This toolbar needs to be loaded into Microstation every time a new session
is started. After Terrascan has been launched the LiDAR data sets can be loaded. This is
done by selecting read points from the files tab within Terrascan. The Different flights
lines are shown under the files section of the “Read Points” window. The user selects the

appropriate flight lines and then clicks “ADD” and “DONE” to load the data

Files Direstories:

T | di\black_broaks

Si_173las 2l [Ean

Si_174las > black_brook

Si_175)as

St_176las

St_177las

Si_178las

Si_173las

St_180Jas

St_181 las

St_182las

Sh_183.las Done

Si_184las E

- Cancel

List Files of Type: Diives: —Corcel |
Al Files [+ - B0 =l Help
Files

d\Black_brookistr_166 las = £dd

di\black_brookistr_167 las.

d\black_brookist_188.las Bemove

di\black_brookist_170.las =l

Figure 1: Read Points Dialog

The Load Points dialog will be displayed next. This display allows the user to choose the
appropriate settings to load the data into Terrascan. For the initial viewing of the data it is
recommended to load every 100th point. The data sets are too large to load every point
and by selecting a higher filtering the load time will be decreased. The lidar data is in a
Jas format. The “Flightline Numbering” should be set to “Increase by File” The figure
below shows the above steps.
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Load Points

~ Fleinfomation ——————————————————
Fomat; _LAS hd
Filename: sti_165 las

Points: 205138 945

- Coordinates
5097738

55065 DEfin...

- Fileting

Figure 2: Load Points Dialog
After the data is loaded the “place shape” tool is used to draw a fence around the desired

study area. By creating a fence, the data can be limited to only loading in points that fall
within the study area. This will help to limit the number of points providing faster load
times. After the fence is created the points were cleared by selecting (File, clear points).
The new fence was selected and the same data points were reloaded (file, read points) the

only difference from before is that the “inside fence only” option was selected.

Figure 3: The first image is of the loaded flight lines with out using the fence. The second image

shows the load flight lines restricted to only points within the fence.
The tiles were 2040 by 2040 m in size. The grid was set to line up with the UTM grid

using the ACCUDRAW feature of Microstation. By zooming in the tile was lined up to
the UTM grid at 588980E, 5220980N. The tiles were generated with a 20 m buffer so that
the array of tiles would overlap. The grid was also set to a 20m off set in the East and
North. This was done to compensate for the buffer. Having the 20m overlap in the grid is
done to ensure that there will not be data gaps. The tile grid was created by using the
“Construct Array” tool. The Array that was created was 15x15 over the study area with
2000m spacing. Any blocks that were not within the study area were deleted. The tiles

were numbered by starting at the upper left corner.
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gtnnstruct Array o ] |
Aray Tppe: Hectangular "’I

Active Angle; MD"
Blows: L
LColumns: |13
Row Spacing: | 1000.0000
Ej:glumn Spacing; | 1000.0000

[T | Use Eence: |hzide b

Figure 4: Construct Array Dialog and the resulting Array image to the left.

Starting at tile 1 the flight line data was loaded for that tile only. The data was first
classified by class into the Default field; this moves all of the data into one class. This
classification is done by selecting “Classify” on the Terrascan toolbar, then “Routine”,
then “By Class...”. The data is then classified again using the Ground Routine (i.e.
Classify, Routine, Ground), this separates the data into two classes ground and non-
ground. The All hits data is contained within the default class and must be saved in a .xyz
file format before classifying the ground data. The ground data sets are then exported into
* XYZ format.

I v =
From ciass} Ay class -| I _ File ©Qutput Point Yiew | Classify Tools Flightline
Toclass: 1 -Default -
’—l | Low points. .. Inside fence. ..
ok [ |
— Snee Isolated points... 3D fence...
&ir points. ., Detect plane. ..
ground. Detect trees...
- Classify Below surface...
{Erom class; WM:'I By height from ground... | ASSgn..
e | 2B hd Add point to ground...
I Inside fence only By absolute elevation. ..
- Initial paints By echo...

Select, _Asiial low + Ground points
Max building size: [E0.0 m

By echo difference...

By intensity...
i By color
le: [25.00 degrees =
Iteration angle: [.00 degrees to plane By centerline...
Itetation distance: [1.40 i to plane By tunnel section. ..

|
i [ Classiication options ————————————————— By time stamp...

¥ Reduce iteration angle when By scan direction. ..

Edge length < [50 m

™ Stop tiangulation when

! Edgelenath ¢ [20 m Railroad...
Buildings...
= ﬂl Model keypoints...

Figure 5: The Image to the upper right shows the classifying of all class into one class. The Bottom
image is of the “ground classify” dialog the default setting were used in this classification. As shown

to the left both these dialog are accessed under “classify”.
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The ground and all hits data for each tile contained the Easting, Northing, Elevation, and
Intensity saved in *.xyz format. The naming convention for each tile identifies the “Julian

Day, Tile#, Easting, Northing, and Class” This is an example of the naming convention:

145t01_590980_ 5222980 _G.xyz. There were a total of 73 tiles classified.

Classes
Ground

Low vegetation
Mediurn vegetation
High vegetation

Building ;I

Select all | Deszelect all |

RG]

Points: Al points hd

Flightiine: SAAGRTRES ~ hd

Format:\E M Z Intensit hd
Transform:  Mone 'I

=) [Fsideferce only

oK Cancel |

Figure 6: Image showing the saving of All Hits data setting xyz format.

Data gridding and output

The *.xyz files that were created within Terrascan need were rsaterized into *.grd files.
This is a necessary step in order to generate *.asc files which can be created from *.grd
files. This process is completed within Golden Software Surfer. This software is useful
for viewing lidar derived digital elevation models. The figure below is an example of one

of the tiles represented within Surfer.
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Figure 7: This image shows a Surfer Grid of a tile within the Peyto survey

Surfer Software comes with an automation program called Scripter. This program allows
the user to setup parameters and run processes on a number of files automatically. The
process was automated using a script that Douglas Stiff and Jon Kwong (AGRG
Researchers) created. The script reads *.xyz files from a folder, determines the X, Y
extents, compensates for the 20m buffer that was created in the Terrascan process,
converts the files to *.grd files, produces a report with the process parameters and
specifics about each file and then converts the file to *.ASC format. *.ASC files are ESRI
3D ASCII files, which can be used to generate ARC rasters and feature classes.

The following parameters were used in the surfer scripting process:

Ground Classification Parameters Search Ellipse Angle: 0
X Spacing: 1

Y Spacing: 1

Grid Size: 2001 rows X Number of Search Sectors: 4
2001 columns Maximum Data Per Sector: 64
Gridding Method: IDW Maximum Empty Sectors: 3
Search Parameters Minimum Data:

Search Ellipse Radius #1: 20 Maximum Data: 6

Search Ellipse Radius #2: 20
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