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Introduction

Airborne Imaging collected Lidar data over the Greater Toronto Area in 2014 and 2015.
This report addresses:

1- The existing control the Lidar data set is based on.

2- Quantifying the expected accuracy for the entire data set.

Time Frame & Flight Parameters

The Lidar collection took place in the spring of 2014 and 2015 during the following dates:
between April 20, 2014 and May 6, 2014 as well as between April 3, 2015 and April 25,
2015.

The LIDAR system utilized on this project was a Leica ALS70-HP, capable of laser pulse
rates up to 500,000 Hz with Multiple Pulse in the Air (MPIA) technology. For this project
the LIDAR data was acquired at an altitude of 800m AGL (Above Ground Level) with the
laser pulse rate set at 300,000 Hz, resulting in a data set with an aggregate point density
greater than 11 points per meter?. The following details the flight parameters used:

Flight Height: 800 m AGL

Speed: 140 knots

Flightline Spacing: 350 m

Single Pass Swath width: 700 m
Overlap: 50%

Scan Angle or FOV: 50°

Scan Frequency: 47Hz

Scan Pulse Rate: 300 KHz

11 Points per Sq meter with overlap



Project Control

Airborne Imaging used one active control station (PWEL) and three additional existing
control (70106, 61313 and 653196) in the geodetic network. The three existing control
stations are all part of Ontario’s MNR cosine network but only 61313 and 653196 are part
of Natural Resources Canada’s Geodetic Survey Division network.

A new station (A461) was established at the Buttonville airport and we also tied into a
point previously used by Airborne Imaging (DVP1). Station A461 was used during flight
operations and ground truth surveys.

The Geoid undulation model used throughout this project is HT2.0. All survey work on this
project is therefore based on NAD83-CSRS horizontally and CGVD28 vertically.

The final least-squares adjustment was held fixed in three dimensions to stations PWEL
and 61313 and also held fixed vertically to station 653196. The residuals at the existing
control were very good, in the order of 1cm. For a map of the final adjusted coordinates,
traverse overview, control sheets, traverse report and least-squares adjustment reports,
see Appendix A.



Ground Truthing

Kinematic

One method of ground truthing carried out for this project is by vehicle mounted kinematic,
where a GPS antenna is mounted on the roof of a vehicle and while driving on an open
road, raw GPS observables are collected at one second intervals. GPS data is also
collected from the closest base station and the raw data post-processed to obtain
accuracies in the range of three centimeters vertically. When possible, we try to have
ground truth over every flight line flown.

A comparison is made between the Lidar derived ground surface and the surveyed points
on the road. The resulting accuracies on flat hard surfaces show excellent results with an
RMS error of less than 5 cm. See table below for the final statistics on all the kinematic
points.

Number of points 16,562
Average dz +0.015
Minimum dz -0.148
Maximum dz +0.263
Average magnitude 0.033
Root mean square 0.042
Std deviation 0.039

For a statistical normal distribution, the accuracy at the 2-sigma confidence level (95% of
the time) is the RMS value multiplied by 1.96, therefore 8.2 cm vertical accuracy on the
kinematic points.



Rapid Static

The second method of ground truthing carried out for this project is by rapid static GPS.
Raw GPS observables are collected at a stationary point during ten to fifteen minutes on
a flat hard surface. GPS data is also collected from the closest base station and the raw
data post-processed to obtain accuracies in the range of one to two centimeters vertically.

The same comparison is made between the Lidar derived ground surface and the
surveyed points on flat hard surfaces. The resulting accuracies are also excellent with an
RMS error of less than 4 cm. See table below for the final statistics on all rapid static
points.

Number of points 33
Average dz -0.004
Minimum dz -0.082
Maximum dz +0.066
Average magnitude 0.031
Root mean square 0.038
Std deviation 0.039

The resulting vertical accuracy on the rapid static points is 7.5 cm at the 2-sigma
confidence level (95% of the time).

See next page for a map of the kinematic and rapid-static points over the Greater
Toronto Area.
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Appendix A

Static Control Report
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NRCAN (NAD83CSRS) Static Control Report

Final Adjusted Coordinates

Traverse Overview

Control Sheets

Traverse Report

Minimally Constrained Metwork Adjustment
Fully Constrained Metwork Adjustment
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a.) Final Adjusted Coordinates
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b.) Traverse Overview
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c.) Control Sheets
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SITE IDENTIFICATION

Tnigue Number : 61313

Name : GORE

Established by : Geodetic Survey Divizsion - Mrcan
Province : O

Prov. Identifier - 00161313

NTS Map No - 030M13

STATION COORDINATES

Horizontal Datom : WADEICSRS

Method - Global Positoning System

Latitode - 29437 4§ 0544817 +- 0,002 m 5td Dew. {583 confidence leval)
Longitude : W70 3874015737 +- 0.002 m 5td Dev. (8% confidence level)
Ellipseid Height - 154 %8 m +- 0013 m 5td Dew. (§5% confidence level)
CGeaid Separation (HTw2.0) - -36.328 m

Agency : Geodetic Survey Divizion - Mrcan

Adjustment Net : MIT07

Coordinate Version Mo : 3.0.1

Epoch : 1997.0

UTM : Zone=17 ScaleFactor=9007 W=484701515m E=60889024'm
XYZCoords. - X=8200831Tm VY=-4338330T9m Z=4380§3427Tm

Horizental Datum : [TRF2008

Latitude - ¥43° 45 5.4702"

Longitude : W 79° 33" 40.1687"

Ellipseid Height : 153.85 m

Epach - 1997.0

XYZCoords : X=0200007 m YT=-433833130 m Z=43006341% m

YEETICAL DATA

Vertical Datom : CGVD2E
Elevation : 130.7m

Order - Adjusted Unclassified
Method : Differential
Adjustment Line : NOVALISG1
Published Year : 1851

N NAN o )

Accessible by passenger car or light truck and a walk of less than 50m
BEAMPTON

FE.OM THE INTER. OF HWY #7 AND HWY #30, PROCEED NE ALONG HWY #7 FOELAPPROX 150 M, TURN KW
ONTO HUNTINGTON ED AND DEIVE 70 M. THE STA IS LOC EEHIND A CHAIN LINE FENCE ON THE W SIDE OF
HUNTINGTON BD, AND 15,3 MNW OF HYDRO POLE “58/1/9/2027. MED BY A G5C BRASS TABLET “STPD 613137,
SET IN THE TOP OF A CONCEETE ELOCE, 10 CM ABOVE GED LVL. A SIMILAF. SUB-SUFRFACE MEFR. WAS PLACED
IN A CONC BLOCE 14 M BELOW THE UFFER. MEF. FEF TO TWO STPD EEF TABS AIS 108 M W OF ED CLATNE
COE OF FENCE. B IS AT THE SE COE. OF FERCE 108 MW OF BD CLAND 11.6 M MW OF HYDRO POLE. SUENEY
SIGN POSTS WERE PLACED NEAFR. THE STA AND BOTH REF MEF. G5C FLAT BLUE SIGN POSTS WEERE SETAT
THE MAIN 5TA AND THE TWO EEF.

13



REFERENCE STATIONS INFORMATION:
Eefersnre name. Marker type, AZ DIR/BENG (DEG MIN SEC), (Hjerizontal or (5)loped distance (m), and DEE. in slev. (cm)

BEF Ai13134) BRASSEBRONZETABLETORCAP 311302 H 313
EEFE(S1313B) BEASSBRONZE TABLETORCAP 1270530 H 485

HISTORICAL COOEDIMATES MOTE: Coordinates listed below are no lenger maintained by GSD and should be verified
with your provincial agency before use

Horizontal Datom : NADE3

Method : Multipls Methods

Latitode - 29437 45”05 437157

Longitwde - W70 38" 40 15656™

UTM : Zeme=17 ScaleFactor=.9097 N=4347013431m E=60880E845Tm

Horizontal Datum : NADIT

Method : Triangulation - Trilateration

Latitade - 2943° 45 03231007

Longitwde - W70 38" 40 843007

UTM : Zeme=17 ScaleFactor=.9097 N=4320791016m E=608856341m

14



SITE IDENTIFICATION

TUnigue Number : 633125

Name : 630144

Established by : Topeeraphical Survey Division - Mrcan
Province - ON

Prov. Identifier - 001653196

NT5 Map No - 030MI12

SIATION COORDINATES

Horizontal Datoum : HADES

Method - Vahaes should be checked with your provincial agency befors use.

Latitode - 2943° 35" 31.006477

Longitede : W70* 36" 11 548617

Agency : Geodetic Survey Division - Mrcan

Adjustment Net : MADFH)

UTM : Zone=17 ScaleFactor= 9098 W=48275M.580m E=612751778m

YEETICAL DATA

Vertical Datum - CGVD2E
Elevation : 128881 m
Order : First Order
Method : Differential
Adjustment Line : VA331
Puoblished Year - 1953

N NAN o N

HIGHWAY NO. 5 BRIDGE OVEF. CPEY., 0.5 EM S0UTHWEST OF CAWTHFA ROAD, TABLET IN TOP OF SIDEWALE
ON MORTHWEST SIDE OF HIGHWAY, 3.7 M FR.OM NOETHEAST END OF BRIDGE. 1.8 M 50UTH OF CONCEETE
END-POST, %0 CM FROM EDGE OF CURE. ESTABLISHED BY TOPOGRAPHICAL SURVEY.

HISTORICAL COOEDIMATES MOTE: Ceordinates listed below are no lenger maintained by G50 and should be verified
with your provincial agency befors use

Horizontal Datum : NADEI

Method : Multipls Methods

Latitude - 243% 35" 31.006477

Longitade - W78° 35" 11 548617

UTM : Zeme=17 ScaleFactor= 9098 N=482750.580m E=612751.778m

Horizontal Datom : MADI7T

Method : Elecoonic Traversing

Latitude - 2443° 357 30.7000357

Longitede : W70 36 12 324537

UTM : Zome=17 ScaleFactor= 9098 W=4827178.121m E=612730505m

15



SITE IDENTIFICATION

TUnigue Number : M023002

Name : PWEL RACS-GLCORS

Established by : Geodstic Survey Dnvision - Nrcan
Province - 0N

Frov. Identifier : PWEL

NTS Map No - 030M03

SIATION COORDINATES

Horizontal Datom : NADEICSRS

Method : Vahes Available In Another Datom

Latitnde - 24437 14" 122027 +- 0.004 m 5td Dew (§2% confidence level)
Longitwde : W78*° 13" 10.7778" +~- 0,005 m 5td Dev. (633 confidence level)
Ellipzoid Height : 4490 m +>- 0,002 m 5td Dev. (88% confidence level)
CGeaid Separation (HT%2.0) - -36.040 m

Agency : Geodetic Survey Divizion - Mrcan

Adjustment Net : M10716

Coardinate Version No. - £.0.2

Epoch - 2002.0

UTM : Zome=17 ScaleFactor= 9000 W=4788M1.74m E=06455560m
EYZ Coords. : X=087050500m VY=-457187435m Z=434671016m

Horizental Datum : [TRF2008
Latitude - ¥43° 14" 12,2342

Longitude : W 707 13 10.7935"

Ellipseid Height : 43 84 m

Epoch - 2002.0

XYZ Coords. : X=07050527 m YT=-457187284 m Z=43467200% m

Marker Type - Self Cenfering Plate

Inspected im - 2002

Status : Good

Inspection Comments : Nons

PORT WELLEE.

THE GPS REFERENCE MARE CONSISTS OF A ALUMINUM PLATE WITH A FORCED CENTERDING STAIMLESS
STEEL BOLT EMBEDDED O TOPOF A 3.3 M HIGH. 15 CM DIAMETER ALUMDNUM PILLAR ANCHORED TOAZ4
M SQUARE, 30.5 CM THICE CONCERETE PAD SUPPORTED BY A 6 M COMNCERETE STILLING WELL LOCATED OX
THE SHORE. THE CONCEETE PAD ALSO SUPPORTS A WATER. LEVEL GAUGE.

HISTOEICAL COOEDINATES MOTE: Ceordinates listed below are no longer mamtainad by G50 and should be verified
with your provincial agency bafore use

Wope

10
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d.) Traverse Report
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R R R R R R R R R IS R IR R SIS IR IS Y

4 Graf¥et — GRAPHIC GF2 NETWORE FPROCEZSING

: SOFTHARE PACHKAGE

4 TREVERSE SCLUTICM:

* Copyright HowvRAtel Inc. {201Z)

¥ Version: E.40.3116

* PROJECT: 13T1_TRCR Min

X L AR R IR R R R R e R R IR R IR R T SRS ZICS

CATOM: HADE2
GRID: UTH, Zone 1E
UHITS: metres (see prefersnces to change)

GEQOID: C:\FPrograms'CommonFiles'\WaypointGeoids'\HTZ_O-Canada.wpg

FAR R TR R AR AT AT AR A AR R E A

STATICHE (3TAITS):

FAR AR TR TR AT AT AR A R A AR d

Station Type Hgt3tatus Besult
gl3lz Check-3D CE Good
653156 Check-V CE Good
70106 Loop Ti= OF Good
A461l Loop Tie CE Good
VPl Loop Tie= OE Eood
EWEL Contzrol-20 CE Puk {20
e
STATICHS (COORDINMATES) :
e TS T T ST I )
Station Latitude Longitude
(DM 3) (DM 3)
613132 43 46 05.44821 -75 3B 49.15651
653196 43 35 30.95791 -7% 36 11.54680
70106 43 S0 58.73%944 -78 21 36.00734
B461 43 51 S56.75468 -70 22 19.638483
CVEl 43 43 22.50663 -7% 19 54.47523
EWEL 43 14 12.20270 -78% 13 10.77780

Coordinates derrived from..

{-)
Grid-E
{m)
125666.330
12E401.972

148545.279
14BEE5.E32
151074.577

157366.337

EllHz:
im)

154 871
92 _.612
147 182
160 .516
93.11+
24 580



FAR AR TR R AR AR A kAR A o d

LoOP, CHECE & DOPLICATE TIE3:

Fhbk bkt kbt d A bR A kAR A b h e dod b d

Hame/J=s=ion Typ= Result DEa=t [Horth DE=ight

(=) [m} {m)
POINT €1313 CheckPnt Good 0.017€ 0.0032 -D.0050
EWEL to €L312 (2) Duplicate Good 0.0060 -0.0027 00025
EOINT €531%€ CheckPnt Good (=) (-1 0.01582
6123123 to 6353156 LoopTie  Good 0.0035 0.ooz9 D.0DES
61212 to TO1DE LoopTie  Good -0.0032 0.o0osa  -D.010L1
EWEL to R461 (2] Duplicate Good 0.0175 0.0011 0.0140
61313 to A%EL LoopTie  Good 0.001% o.ooz? 0.0016
61212 to AZ€Ll (2) Duplicate Good -0.0008 0.0066 D.o03s
61212 to A4€Ll (2) Duplicate Good 00017 0.0057 -D.0D2E
653156 to A461 LoopTie  Good -0.001€ -0.D01l% .00z
TOL06 to AZEL LoopTie  Good 0.0064 -0.0029 0.0135
TIL06 to A4€L (2) Duplicate Good 0.0050 -0.0023 D.0102
61313 to IVPL (2) Duplicate Good -0.018€ 0.0opge  -D.0210
61212 to DVPL LoopTie  Good -0.0226 -0.0008 -D.0202
E461 to DWEL LoopTie  Good -0.0210 -0.0102 -D.024l
B46l te IWEl (2] Duplicate Good -0.020% -0.0018 -D.02EL
BMS ({tie podints] 0.0128 0.0042 D0.0152

BME {check points] 0.017€ 0.0032 o.oLlsD
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Y LA R R R R R R R IR R e R R R S sRsIE IS "

* HETWORE - WEIGHTED GPS METWCRE ADJUSTMENT B
* -
¥ [c} Copyright Nowvhtel Inc., {2012) *
" "
¥ Vearsion: E.40.2116 b
& &
* FILE: L371_TRCA Min_net B

ARE AR AR AR R AR R AR R AR AR R R d

DATIM: "HADE3"
SCALE FACTOR: 1.7820
COMEFIDEMCE LEVEL: B5.00 % {Scale factor i= 2.4475)

IR R R R R R R I e R R R R IR R IR R R AR IR SITIRETS

INPUT COMTROL/CEECK POINT3

T R R R R R R R R IR I I IS R IR SR S RS I Y S

3Ta_ID TIFE -— LATITUDE —- —— LOWGITUDE -- ELLHGT - HZ-3n V-3D
61212 CHE-3D 43 46 05.44810 -79 28 48.15730 154.880

653186 CHE-VT B2.592

EHEL ECP-3D0 43 14 12.20270 -T79 13 1D.7TTEQ 44.990 Q.00780 D.02200

T R R R R R R R R IR I I IS R IR SR S RS I Y S

INPUT VECTORS

FAR AT A TR AT A AR A AR A A R R AR A R AR A R AR R R R hE el

SES3I0H HAME VECTCR (m) ————=— Covariance =) [un=caled] ---—---
DX /DY /DE mtandard deviation= in bracks=ts

61212 to 633156 (1) SES9_ 5070 1.6305=-004 {0.0013)
-12€22. 1885 & 85=-00T7 1.0&666=-005
aa&

-6. 0.0032)
-14204.3560 5.5516=-007 -T7.7054%4e=-

I
i
1.1222e-005 (D.D033)

61212 to TOLOE (1} 215€2.2612 9.4853=-007 {0
10372.9215 -4.8477=-007 3
€527.1545 2.20Efe-007 -2

-0a13)
-5105=-00€ (D.0019]
-28E3e-006 4.0508e-00€ (D.00Z0)

61212 to AL€1L (1) 20376.3775 4.6817=-007 {0.0007)
11404.0171 -2.771€e-007 1_.75590=-00€ (0.0012)
TE2T7.5300 1.E145e-007 -1.01T73e-00€ 1_6€T4e-00€ (0.0013)

61212 to R4€1 {2) 20376.3804 Z.02%Ge-006 {0.00L4)
11404.01€5 -1.1537e-00€ €.7005=-00€ (0.00ZE)
TB2T.5256 6.El2Z2e-007 -4.4508e-00€ 8._0052=-00€ (0.0023)

61212 to ALEL {2) 20376.3786 1.6663=-006 {D0.00L13)
11404.0118 -5.7277e-007 €_42B5=-00€ (0.00DZ5)
TE2T7.5308 7.2632e-007 -3.9346e-006 6_81ETe-00€ (D.00DZ€E)

61212 to IWNPL (1) 25586.58594 8.5275=-006 {0_.0025
1256.2375 -3.3785e-00€ 3.576%=-005 (D.00&0)
-JE75.7777 Z.6813e=-006 -3_4023=-005 T.4€38=-005 (D.008€)
61212 to INPL {2) 2558B.5824 2Z.5444e-006 {0.00LE)
1256.2422 -1.7618e-00€ 1.1548=-005 (0.0025)
3675.7851 1.1745e-006 -€.2065e-00€ 8._.3704e-00€ (0.0025)
15
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652196 to A461 (1]

A461

A46l

PREL

FWEL

PREL

FWEL

EWEL

to

to

to

to

to

to

to

to

to

§ to R4EL (1)

£ to R24EL (2]

IVE1l (1)

IVEl (2]

€L212 {1)

£1213 {2)

53136 (1]

70106 {1)

R461 (Z)

A461 (3]

el (1)

1434764651
24026.2118
2203L.58225

-1184.88353
1030.0964
1200.3742

-1184_8834
10300938
1300.37€1

S5210.2047
-10147.7704
-11502.20E4

SZ10.205E
-10147.7775
-11502.2130

-41412. 61582
335415757
42905.10€0

-41412.6258
3354L.5783
42005.10€2

-35512.7078
20815_ 3840
28700.71EE

-19849_2€21
43815.5077
45432.2578

-21034.2582
449455957
SO0TAZ. €288

-21034.2400
44945 _S593E
S0TAZ. €282

-15824 . 0SED
247578257
35229 _30E€E

1.E81l3=-006 {0.0014)
-4 _824%e-007 7.9037=-006
2.4575e-007 -5.522%7=-00€E

3.37T6e-007 {D.00D€)
-1.4380e-007 1.1662=-00E
7.8281e-008 -8.50442-007

1.3954e-007 {D.00D4)
-7.2343e-008 €.5223=-007
4.7590e-008 -3.5351e-007

1.6241e-006 {0.0013)
-T7.6153e—-00T7 T7.073Ee-008
4_7006e-007 -3.813Te-006

1.E15%-006 {D.0013)
-1.1845e-00& E.820Lle-008
7.2320e-007 -4_5556e-006
7.92898e-00€& (D.0D2E]

-1.76650e-00€ €.674%=-00E

9.89258e-007 -2.93592e-006

%.8913=-00€& (D.0031}
-5.1E96e-007 8.7201e-006
1.2468e-007 -3.7502=-00E

3.2155e-005 (D.0DS5T]
-1.2498e-005 3.01E3=-005
7.E91l8%=-006 -1.156%=-005

B.0724e-00& (D.DD2E]
-1.7678e-00€ 5.65E6e-00E
1.1277e-006 -2.7121e-006

1.1355%=-005 (0.0034])
-2.3000e-00€ 5.95449e-006
1.3877e-006 -2 _98ESe-00E

%.3600e-00€6 (D.0D31}]
-8.1224=.-007 €.2824=-00€
8.99E3=-007 -2.6795e-00E

3.2424=-004 (D.0182
-5_.8410e-005 8.6533=-005
4.6641e-0035 -3.4247e-0035

(D.0DZE)
9 _77EDe-0DE

(D.0011)
1_5€38=-00&

(D.0D0E]
5.2632e-007

{0.0027)

6.€216e—006 (D.D02&)

{0.0020)

6.1506e—-006 (D.DOZS)

(D002 6]
-4532e-00E

(D.0030)
4_4342=-0D€

(D.0055)
1_2300=-005

(D002 4]
3.0567e-0DE

(D.00Z 4)
2.78897e-0DE

(D.002Z5)
2 .T5ES=-00E

(D.0D83])
2.8428e-005

(D.0021)

(00013}

(D.0007)

(D.0015)

0.0021)

(D .0035]

(D.0017)

(D.0015)

(0 .0015])

(D.0062)
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LR R e R R R R R R R e R R R s R S S S EY

OUTEUT VECTCR RE3IDUALS (East, Horth, Height - Local Lewel)

F A A TR AT AT AT R A TR AT A AT AR RN T AT A AT AR A AR A kR AR AR A

SES3ICH HAME -- BE -- -- BN -- -- BE -- - FPM - DIST - 3TD -
(=l =) (=] (km) (=]
61212 to 653196 (1) 0.oooz2 =0.0004 0.D051 0.257 1.8 0.00ES
61212 to TO1OE (1] 0.0005 =-0.0001 =0.0010 0.046 24.E 0.0033
61212 to RA4€L (1) 0.0002 -0.000% -0.0002 0.038 24.6 0.002&
61212 to RA4€Ll (2) =-0.0025 0.0020 0.D019 0.17% 24.6 0.0035
61212 to RA4€Ll (2) 0.0000 0.0022 -0.0048 0.214 24.6 0.0052
61212 to DVFL (1) -0.0051 0.0002 -0.0086 0.386 25.9 0.0146
61212 to DIVEL (2) 0.000%9 0.0014 0.0007 0.070 25.% 0.00E4
6531596 to R4E1 (1] 0.0002 -0.0017 0.0011 0.087 3A5.7 0.0058
TILO6 to A4€EL (1) 0.0010 -0.000€ 0.0024 1.322 2.0 0.D023
TOL06 to RA4EL (Z2) =-0.0004 =0.0000 =0.0008 0.48E 2.0 0.D015
B461l to IWELl (1] 0.0001 -0.005€ -0.0005 0.247 16.2 0.0052
B461l to DVEL (2] 0.0002 0.0027 -0.0024 0.227 16.2 0.005S
EWEL to €l312 (1) =-0.0038 0.0027 =-0.0042 0.082 EE.4¢ 0.0037
EWEL to €1313 (2) 0.oo2z =-0.0000 -0.0017 0.040 EE.4 0.00E4
EWEL to €5319€ (1] -0.0074 -0.0005 -0.00ED 0.1%0 50.2 0.011S
EWEL to TOL06 (1 =-0.0002 =0.00230 0.D049 0.084 E9.0 0.0055
EWEL to R461 (2] 0.0124 0.0004 0.D07a 0.207 71.0 0.00E1
EWEL to R461 (2] -0.0055 -0.0008 -0.00E2 0.117 7lL.0 0.0059
EWEL to IWFl (1] 0.0157 0.00248 0.D0174 .434 S4.B 0.D286
RM3 0.0052 0.0022 D.0058
5 — This session is flagged a=m & d-sigma ocutlier

F A A TR AT AT AT R A TR AT A AT AR RN T AT A AT AR A AR A kR AR AR A

CHECKE FOINT RE3IDDALS {East, Morth, Height - Local Lewel)]

R R R R L R R e e IR R IR R e R R e R R s s R SRS RIS

3TA. WBME  -- BE —— -- BN -—- —- BH -—-

(=) [m] {m}
61312 0.0128 o.00&0 -0._.0132
652198 0.0lzz
BMS 0.0128 o.00&0 0.0l1z2

LR R e R R R R R R R e R R R s R S S S EY

CONTROL POINT REZIDTALS (ADJUITMENT MADE]

F A A TR AT AT AT R A TR AT A AT AR RN T AT A AT AR A AR A kR AR AR A

3TA. WAME  —- RE —— —- BN —- —— BH —-
(=) [m] (=)

TWEL -0.0000 -0.0000 0.0000

BMS .0000 0.0000 0.0000
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FAR AT A TR AT A AR A AR A A R R AR A R AR A R AR R R R hE el

QUTEUT 3TRTION COORDIMATE] ({LRAI/LONG/ET)

IR R R R R R R I e R R R R IR R IR R R AR IR SITIRETS

3TAa_ID -— LATITODE -- —-- LONGITODE -- - ELLHET -
613132 43 46 05.44825 -75 28 48_15€68 154 _BEEE
6531596 43 35 30.997E% -7% 36 ll.54722 52. 6062
70106 43 50 SE.T73834 -7% 21 36.00793 147_1E€E
B461 43 51 56.7546€ -7% 22 18_64018 Len._s1an
CVELl 43 43 22,5067 -7% 15 54.47453 53.1314
EWEL 43 14 12 20270 -7% 13 10.T777E0 44 _5200

IR R R R R R R I e R R R R IR R IR R R AR IR SITIRETS

QUTETT VARIANCE/COVARIANCE

T R R R R R R R R IR I I IS R IR SR S RS I Y S

2
3Ta_ID 3E/3H/3T0F -—-——-—-—— C& matrix {m |—————————
[(8S.00 %) ({not =mcaled by confidence lews=l)
{m} (ECEE, XYZ cartesian)
gl3l3 0.0185 7.1B55e-005
0.0182 -4. 18€4=-0035 Z_E026m-00%
0.0541 3 BESGe-005 -2.0872e-004 Z.€105=-004

653156 0.0187 7.3102e-D03

0.0185 -4.23€5e-005 Z_E583e-004

0.0545 4.0302e-005 -2.120%=-00% Z.€616=—-004
701086 0.0185 7.1E82e-D0E5

0.0182 -4.1883e-005 Z2.E022e-00%

0.0541 3.9E93e-D03 -Z.0872e-004 Z_€106e=-004
A46l 0.0185 7.1E18e=-D035

0.01s -4.1845e-0035 Z.7956e-004

0.0540 3.5E60e-005 -2.085T7e-004 2Z_€E084e-004
CVE1l 0.0187 7.2E0le-D03

0.0185 -4.2412e-005 Z2_E418e=-004

0.05 4.0218e-005 -Z2.107%=-004 2.6220e-004
EWEL 0.0181 €.8698e-005

0.0181 -4.12€8e-005 Z.T775Ee-004

0.03 3.8500e-005 -2.0745e-004 Z_55841le-004

FAR AT A TR AT A AR A AR A A R R AR A R AR A R AR R R R hE el

VARIRNCE FACTOR = 0.95E9

Hote: Values < 1.0 indicate statistics are pessimistic, while
valoes > 1.0 indicate optimistic statistics. Entering this
valos as the network adjustment scales factor will bring

wvariance factor to one.
R T T L LT L LT I rurprra e ae e



f.) Fully Constrained Network
Adjustment
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e R R R R R R R R R s R R R R RIS R RS R L

* NETWORE — WEIGHTED GPS HETWOERE ADJUSTMENMT b
" "
¥ [} Copyright Nowhtel Inc., {2012) &
" "
¥ Version: E.40.3116 L
& &
* FILE: 12371_TRCA FULL.net b

S LR R R R R R R R R R R RIS IR

DATTM - "HRDE*
SCALE_FACTOR: 2.0042
COMEFIDENCE LEVEL: B5.00 % {Scale factor i= 2.4475)

FAE AR AR AR AR AR AR AR AR AN AR A R AR A R AR AR AR A AR AR AR Ak

INFUT CONTROL/CHECE POINT3S

IR e R R R R R R R s R IR s R I IR R R S R RS R L Y

3TA_ID TIFE —— LATITUDE -- -— LOWGITUDE -- ELLHGT - HZ-3D V-5D

61212 GCP-3D0 43 46 05.44810 -T79 28 48.15730 154.980 0.00280 0.01300
653156 ECP-VT 2,582 0.02000
FWEL &CP-30 43 14 1Z2.202T70 -T4 13 10.7T77E0 44.880 0.0D78D D.0Z2200

IR e R R R R R R R s R IR s R I IR R R S R RS R L Y

INEOT VECTORE

IR R R R R R e s I IR R I IR R R S R RS R L Y

SESIIOH HAME VECTCR (m) ————== Covariance =) [un=zcaled] ---—---
DX /DY /DZ mtandard deviation= in brackets

§1212 to G63318%6 (1) SESS_5070 1.6205=-004 {0.0013)
-12E22.1885 6. 2485=-00T7 l.06E6=—005
006

- 0.0022)
-14204.3560 5.5516=-007 -T7.7054e=- z

I
i
1.1222e-005 (D.D033)

61212 to TOLOE (1} 215€2.2612 9.4853e=-007 {0.04L0)
10373.9215 -4.8477e-007 2_5105=-00€ (0.0018)
6527.1545 3.30EBe-00T7 -2_Z8E3e-00€ 4.0508e-00€ (0.0020)

61212 to A4€1 {1) 2037E.3775 4.6817=-007 {0.0007)
11404 .0171 -2.771l6e-007 1.7590e-00€ (0.0012)
TE27.5200 1.El45e-007 -1.01T73=-00& 1.6€T74=-00€ (0.0013)

61212 to R4€1 {2) 2037E.3804 2Z.0296e-006 {0.0014)
11404 0165 -1.1527e-00€ €_.7005=-00€& (D.0DZE)
TB27.5256 6.ELZZe-007 -4.4%082-006 8.0052=-00€ (0.0028)

61212 to ALE1 {2) 20378.3786 1.6663=-006 {0.00L3)
11404.0118 -5.7277e-007 €_42B5e-00€ (0.00Z5)
TE27.5309 7.2633e-007 -3.9336-006 6.91E7=-00€ (0.0026)

61212 to IWPL (1) 2558E.58594 9.5275=-006 {0.0025
1256.2375 -3.3785e-006 3.576%-005 (0.00&60)
-JE675.7777 2.6813e=-006 -3_4023e-005 7.4638e-005 (D.008€)
61313 to IWNEPL {2) 2500E.5824 2.54449e-006 {0.00L€E)
1256.2422 -1.761l8e-00€ 1.15482-005 (0.0025)
3675.785L 1.1745e-006 -€.2065=-006 8.3704=-00€ (0.0025)
20
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652196 to R461 (1)

R461

B461

EHEL

EWEL

FWEL

EWEL

FWEL

T

1=

T

T

1=

1=

T

1=

1=

£ to A4EL (1)

5 to R4EL {2)

WEl (1

wEl (2

€1313 {1]

€212 {2)

€5218€ (1)

T0106 {1)

A28l (2)

2461 (2]

IVE1l (1

1447649651
24p026.2118%
22031.5225

-1184.8853
1030.0964
1300.3742

-1184.8834
1030.0938
1300.37€1

S210.2047
-10147.7704
-11503.3064

S210.205E
-10147.7773
=11303.3130

-4l4lz2.6153
33541.5757
42805.10E0

-41412.6258
23541.5783
42905.1063

-35512.7078
2091%.3840
Z870D0.716E

-189849. 3631
43815.5077
45432 2576

-21024.25893
44845 5457
S0T7AZ.E286

-210234.2400
44845 5336
S073Z.€382

-15824.05E0
247978297
25228 30EE

1.E81l3=-006 {D.0014)
-4 _824%=-007 7.903%=-00E
3.4575e-007 -5.522%=-006

2.37T6e-007 {D.000€)
-1.4380e-007 1.1662e-006
7.8281e-008 -8.5044e-007

1.3954=-007 {0.0004)
=7.2343e-008 €.5223=-007
4.7580e-008 -3.5351e-007

1.6241le-006 {D.0013)
-7.6153e-007 7.073Be-005
4.7006e-007 -3.813Te-004

1.E158=-006 |
-1.1845e-008
7.2320e-007 -

a.0

-0aL
B.
4.

a13)
8201le-0
S556e-0

g
g

7.9298e-00€ (0.002E
=-1.766%-00€ €.6745%=-006
89.8258e-007 -2.8382=-00E

5_85913=-00€ (D.0D3L
-5.1E8€a-007 B8.7201e-00E
1.2468=-007 -3.7502e-006

3.2155=-005 (0.0057
-1.24898e-005 3.01E3=-0035
7.E91l8=-006 -1.15955%=-003

B.0T7249=-00€ (0.0D2E
=-1.7678e-00€ S.65E6=-006
1.1277%e-006 -2.7121e-00E

1.135%=-005 (D.0034
-2.2000e-00€ 5.9544=-00E
1.3877=-006 -2 _98E5e-00E

§.2600=-00€ (0.003L
-8.1224e-007 €.2834=-00E
8.899E2e-007 -2._6795e-006

3.2424=-004 (0.0182
-5_8410e-005 B.6533=-003
4.6641e-005 -3.424%=-005

(D.DDZE)
9.7760e-006

(0.2011)
1.5628e-006

(D.DDDE)
5.2632e-007

0.0027)

I
i
G.€316e—-006 (D.0026)

0.0030)

¥
1
6.1506e-006 (D.00235)

(D.DDZ &)
2.4532e-00E

(D.0020)
4.4343=-006

(0.0055]
1.2300e-005

(D.DDZ4)
2.0567=-00€

(D.D0Z4)
2.7897=-00€

(D.0DZ5])
3.78ES=-006

(D.D082)
2.8428e-005

(2.0031])

(0.0013)

(0.0007])

(0.0015]

(2.0021})

(0.0025]

(0.0017])

(0 .0015)

0.0015)

0.0062)
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FAR AT A TR AT A AR A AR A A R R AR A R AR A R AR R R R hE el

OUTEUT VECTOR BRE3IDTALS (Eas=t, Morth, Height - Local Lewsl)

IR R R R R R R I e R R R R IR R IR R R AR IR SITIRETS

SESIION HAME -- HE -- -- EN --
{m] (=]

612312 to 633156 (1) 0.0004 -0.0004
61212 to TOLl0E (1) 0.0005 =0.0003
61212 to A2El (1) 0.0002 -3.a008
61312 to {2] —-0.0025 J.0021
61212 to {2] 0.0001 J.00z2
61313 to {1 -0.0051 d.a0o02
61312 to {2] 0.000%9 J.001E
652196 to R4E1 (1) 0.0002 =0.0017
TI1d6 to ALE1l (1) 0.0010a -3 ._000€&
TOILDE to ALEL {2) —-0.0004 -03.0000
B4l to DVEL (1) 0.0001 -0_005€&
B4l to DVELl (2] 0.00032 d.0027
EWEL to £L212 {1) —-0.0044 0.0027
EWEL to £1212 {2) 0.001& =0.0003
EWEL to £5313€ (1] —0.0080 -3._.000%
PWEL to 70106 {1) —0.0007 -0.0020
EWEL to R461 (2] 0.0118 dJ.0004
EWEL to R461 (3] -0.00€1 -3.a008
EWEL to DWVEL (L] 0.0151 J.0028

BM3 0.0052 d.00z2

—— DE --
{m]
D.0045
-0.0011
-0.0022
0.001%
-0.0048
-0.0087
D.0006
D.00le&
0.0024
-0.0008
-0.0025
-0.0022
-0.0042
-0.001&
-0.00E&
D.0045
0.oo78
-0.0062
D.0174

0.00s8

5 — This session is flagged as a 3d-sigma outlier

IR R R R R R R I e R R R R IR R IR R R AR IR SITIRETS

CONTIROL POINT PE3IDUALS (ADJUSIMENT MADE)

T R R R R R R R R IR I I IS R IR SR S RS I Y S

ITA. HAME -— RE -- -— BN — -— RH --
(=) [m] (=)
61313 0.001% 003007 -0 .00E"
6531596 0.0170
EWEL -0.0117 -D.0052 0.074=
EME 0.00E4 00037 0.011+

T R R R R R R R R IR I I IS R IR SR S RS I Y S

QUTEUT 3TATION COORDIMATE] (IATI/LONG/ET)

FAR AT A TR AT A AR A AR A A R R AR A R AR A R AR R R R hE el

3Ta_ID - IATITUODE -- -—- LOWGITUODE -- - ELLHET -
gl3lz 43 46 05.44812 -7% 28 45.15723 154.5712
653156 43 25 30.99772 -7% 26 11.54776 52 _E10L
701086 43 50 SE.T3GL7 -7% 21 36.00850 147.1811
A46l 43 51 56.7344% -7% 22 19.640732 LE0.51493
CVE1l 43 42 22_.50658 -79% 15 54_47307 8313357
EWEL 43 14 12.20253 -7% 13 10.77832 44 _5544

0.22B
0.048
0.038
0.176
0.217
0.288
o.070
0.0E5
1.321
0.489
0.24E
0.226
0.0%7
0.032
0.206
0.084
0.200
0.123
0.427

DI3T -

L L N R L = == Th e

o

[ e e e = ey e e e R e )

ETD -
{m]

Lo0gs
.Do41
.oo2a
.oosa
.Dass

Sulel ]
LO0E2
L0025
L0016
il ]
o058
LO0ED
ol ]
.o12z
Lo0sa
-D0ES
LO0E2
0303
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