Appendix C: GNSS and IMU Processing Reports



6218153a GNSS P

rocessing

Project: 6218153a GrafNav v8.50.4120
Combined - Map Geographic, DMS
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Project: 6218153a GrafNav v8.50.4120

6218153a [Combined] - Forward/Reverse or Combined Separation Plot
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Project: 6218153a GrafNav v8.50.4120

6218153a [Combined] - PDOP Plot
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Project: 6218153a GrafNav v8.50.4120
6218153a [Combined] - Number of Satellites Bar Plot
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Processing Summary Information

Program: GrafNav

Version: 8.50.4120 Project: C:\projects\3149_Dewberry_FortLauderdale_May-04-2018\LiDAR\6218153a\05_INS-
GPS_PROC\01_POS\GNSS\6218153a.gnv
Solution Type: Combined Number of
Epochs:

Total in GPB file: 14436

No processed position: 0

Missing Fwd or Rev: 6

With bad C/A code: 0

With bad L1 Phase: 0 Measurement RMS
Values:

L1 Phase: 0.0231 (m)

C/A Code: 0.60 (m)

L1 Doppler: 0.028 (m/s) Fwd/Rev Separation
RMS Values:

East: 0.031 (m)

North: 0.012 (m)

Height: 0.032 (m)

Fwd/Rev Sep. RMS for dual FWD/REV fixes (14430 occurrences):
East: 0.031 (m)

North: 0.012 (m)

Height: 0.032 (m) Quality Number
Percentages:

Q1:995%

Q2:05%

Q3:00%

Q4:00%

Q5:00%

Q6:0.0%

Position Standard Deviation Percentages:
0.00 - 0.10 m: 100.0 %

0.10-0.30 m: 0.0 % 0.30 - 1.00 m:

0.0 % 1.00 - 5.00 m: 0.0 %

5.00 m + over: 0.0 %

Percentages of epochs with DD_DOP over 10.00:
DOP over Tol: 0.0 % Baseline Distances:
Maximum: 45.234 (km)

Minimum: 1.276 (km)

Average: 17.726 (km)

First Epoch: 10.002 (km)

Last Epoch: 9.679 (km)



Mission 1 — 6218153a Sensor Errors

x accelerometer bias (micro-g)
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z gyro bias (deg/hr)
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3818332a GNSS Processing

Project: 3818332a GrafNav v8.50.4320
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Project: 3818332a GrafNav v8.50 4320

3818332a [Combined] - Forward/Reverse or Combined Separation Plot
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Project 3818332a GrafNav v8.50.4320
3818332a [Combined] - PDOP Plot
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Processing Summary Information

Program: GrafNav

Version: 8.50.4320

Project: P:\3148 FortLauderdale From EX484a\FieldData\LiDAR\3818332a\05_INsS-GPS_PROC\O1
_P05\3818332a\3818332a\GNS5\3818332a.gnv

Solution Type: Combined

Number of Epochs:
Total in GPB file: 12
No processsd position: 18
Missing Fwd or Rev: 4
With bad C/& code: a
With bad L1 Phase: a

Measurement RMS Values:

11 Phass: 0.017¢ (m)
C/A& Code: 0.76 (m)
L1 Doppler: 0.534 (m/s)

Fwd/Rev Separation RMS Values:
East: 0.018 (m)
North: 0.014 (m)
Eeight: 0.100 (m)

Fwd/Rev Sep. RMS for dual FWD/REV fixes (12179 occurances):
East: 0.005 (m)
North: 0.007 (m)
Height: 0.015 (m)

Quality Number Percentages:

g1: 99.1 5%
Q2: 0.9 %
Q3: 0.0%
Q4: 0.0%
Q5: 0.0%
g 6: 0.0 %

Position Standaxd Deviation Percentages:
0.00 - 0.10 m: 100.0 %

0.10 - 0.30 m: 0.0 %
0.30 - 1.00m: 0.0 %
1.00 - 5.00m: 0.0 %
5.00m + over: 0.0 %

Percentages of epochs with DD DOP over 10.00:
DOP over Tol: 0.0 %

Baseslins Distances:

Maximum: ©7.98% ({km)
Minimum: 1.e07 (km)
Avsrage: 23.910 (km)

First Epoch: 20.812 (km)
Last Epoch: 18.83¢ (km)



Mission 2 — 3818332a Sensor Errors

x accelerometer bias (micro-g)
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z accelerometer bias (micro-g)
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3818333a GNSS Processing

Project: 33183333 GrafNav v8.50 4320

Combined - Map Geograghie DUS
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Project: 3818333a GrafNav v8.50.4320

3818333a [Combined] - PDOP Plot
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File: 3818333a.sum GrafNav v8.50.4320

Proces=sing Summary Information

Program: GrafNav

Version: £.50.432¢

Project: P:123148 FortLauderdale From EX4B4a\FieldDPaca)\LiDAR\3812333a\05_IN3-GES_PFROC\OL
_PC3\2513323a\381232323a)GN351238183232a.gnv

Solusaon Type: Combined

Number of Epochs:

Total in GPB file: zZoese
¥o processed position: 2
fi=sing Fwd or Revw: B
With bad C/A code: 0
With bad 11 Phase: 0

Mezsurement RME8 Values:

Ll Phase: 0.0198 (m)
C/A Code: 0.7% (m)
Ll Dopplerx: 0.527 (m/s)

Ewd/Rev Separat=on RMS Values:
East: 0.0G8 ({m)
Forch: 0.014 (m]
Height: 0.830 (m)

Fwd/Revr Sep. RMS for dual IWD/REV fixes (20€4% occurances):

East: 0.0CE (=)
North: 0.514 {m)
Heaght: 0.G30 (m]
Qualiicy Number Percentages:
Q 1: 8B.£6 &
Q2: 1.4 %
Q3: 0.0 %
S 4: 0.0 %
Q'5: 0.0 %
Q 6z D.0 %
Position Standard Deviation Percentages:
0.C0 — 0.0 m: 100.0 =
0.10 — 0.30 m: 0.0 &
0:3C — 1.00 m: 0.0 *
1.00 -5.00m: 0.0 %
S.00 m + over: 0.0 %

Percentages of epochs with DD _DOF over 10.00:
DO? over Tol: 0.0 %

Baseline IJistances=:

Maximum: €4.5965 (km)
Minimum: 1.202 (km]
Average: 26.251 (km)
First EZpoch: 26.252 (km)

Last Epoch: 27.125 (km)



Mission 3 — 3818333a Sensor Errors

x accelerometer bias (micro-g)
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z accelerometer bias (micro-g)
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3818334a GNSS Processing

Project: 3818334a GrafNav v8.50.4320

GPS Combined - Map Geographic. OMS
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Project: 3818334a GrafNav v8.50.4320

3818334a [GPS Combined] - Forward/Reverse or Combined Separation Plot
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Project: 3518334a

GrafNav v8.50.4320
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File: 3818334a sum GrafNav v8.50.4320

Processing Summary Informaticn

Program: GraifNav

Version: £.50.4320

Project: P:\3149 Fortlauderdale From EX484a\FieldData\LiDAR\3818334a\05_INS-GPS_PRCC\0O1l
_P05\3818334a\3818334a\GNS5\3818334a.gnv

Sclution Type: Combinsd

Number of Epochs:
Total in GPB file:
No processed position:
Missing Fwd or Rsv:
With bad C/A codes:
With bad L1 Phase:

11157

[x)

(1]
Measursment RMS Valuss:
L1 Phase: 0.017¢ (m)
C/A Code: 0.73 (m)
L1 Doppler: 0.547 (a/s)

Fwd/Rev Separation RMS Values:
East: 0.008 (m)
North: 0.010 (m)
Height: 22 (m)

n.022
dual FWD/REV fixes (11190 occurances):
{m)
(m})
{m}

Fwd/Rev Sep.
East:
North:
Height:

RMS for
C.008
0.010
0.022

Quality Number

Q 1: €0.3
19.3
0.4
0.0
0.0
0.0

Percentages:

[ellelol ol e]
SO SR 8]
o o df 0P df op

Position Standard Deviation Percentages:
0.00 - 0,10 m: 100.0 %
0.10 = 0.30 m: 0.0 %
0.30 - 1,00 m: 0.0 %
1.00 - S.00 m: 0.0 %
5.00m + over: 0.0 %

Percentages of spochs with DD DOP over 10.00:

DOP over Tol: 0.0 %
Bas=lins Distances:

Maximum: €5.054 (im)

Minimum: ©.710 (km)

Average: 28.323 (km)

First Epoch: 32.982 (im)

Last Epoch: 33,071 (im)



Mission 4 — 3818334a Sensor Errors

x accelerometer bias (micro-g)
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z accelerometer bias (micro-g)
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y gyro bias (deg/hr)
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3818340a GNSS Processing

Project: 3818340a GrafNav v8.50.4320

GPS Combined - Map Geographic, DMS
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Project: 3818340a GrafNav v8.50.4320

3818340a [GPS Combined] - Forward/Reverse or Combined Separation Plot
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Project: 3818340a GrafNav v8.50.4320

3818340a [GPS Combined] - PDOP Plot
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Project: 3818340a GrafNav v8.50.4320
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File: 3818340a.sum GrafNav v8.50.4320

Processing Summary Information

Program: GraflNav

Version: §.50.4320

Project: P:\3149 FortlLauderdale From EX484a\FieldData\LiDAR\3£18340a\05_INS-GP5 PROC\(C1
_POS\3818340a\3818340a\GNS5\3818340a.9nv

Solution Type: Combined

Number of Epochs:
Total in GPB file:
No processed position:
Missing Fwd or Rev:
With bad C/A code:
With bad L1 Phase:

9626

OO oy

Msasurement RMS Values:
L1 Phase: 0.0201 (m)
C/A Cods: 0.77 (m)
L1 Doppler: 0.81E (m/s)

Fwd/Rev Separation RMS Values:
East: 0,008 (m)
North: 0.007 (m)
Height: 0,025 (m)

Fwd/Rev Sep. RMS for dual EWD/REV fixes (19619 occurances):
East: D.008 (m)
North: 0.007 (m)
Height: 0.025 (m)

Quality Number Percentagss:
Q 1l: 99,5 %
Q2: 0.5%
Q3: 0.0%
g 4: 0.0%
Q5: 0.0%
Q@&: 0.0%

Position Standard Deviation Psrcentages:
0.00 - 0.10 m: 100.0 %
0.10 - 0,30 m: 0.0 %
0.30 - 1.00m: 0.0 %
1.00 = 5.00m: 0.0 %
S.00m + ovar: 0.0 %

Percentages of spochs with DD DOP over 10.00:
DOP over Tol: 0.0 %

Basesline Distances:

Maximum: 73.922 (dm}
Minimum: 1.339 (im)
Average: 28.251 (ikm)

First Epoch: 25.293 (im}
Last Epoch: 25.088 (km)



Mission 5 — 3818340a Sensor Errors

x accelerometer bias (micro-g)
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z accelerometer bias (micro-g)
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3818341a GNSS Processing

Project 381341a GrafNav v8.50.4320

Combined - Map Geographic, DMS
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Project 381341a GrafNav v8.50.4320

381341a [Combined] - Forward/Reverse or Combined Separation Plot
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Project: 381341a GrafNav v8.50.4320

381341a [Combined] - PDOP Plot
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Project: 381341a GrafNav v8.50.4320

381341a [Combined] - Number of Satellites Bar Plot
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File: 381834 1a.sum GrafNav v8.50.4320

Processing Summary Informaticn

Program: GrafNawv

Version: £8.50.4320

Project: P:\3149 Fortlauderdale From EX484a\FisldData\LiDAR\3818341a\05_INS5-GP5_PRCC\01
_P0S\381341a\381341a\GNSS\3E1341a.gnv

Solution Type: Combined

Rumber of Epochs:
Total in GPE file:
No processad position:
Missing Fwd or Rev:
With bad C/A cods:
With bad L1 Phase:

O D

Measurement RMS Values:
L1 Phass: 0,0182 (m)
C/A Code: 0.74 (m)
L1 Doppler: 0.56¢ (m/s)

Fwd/Rev Separation RMS Values:
East: 0.005 (m)
North: 0.013 (m)
Height: 0.020 {(m)

fwd/Rev Sep. RMS for dual FWD/REV fixes (14541 occurances):
East: 0.005 (m)
North: 0.013 (m)
Height: 0.020 (m)

Quality Number Percentages:
Q1: 98.9 %
g2: 1.1 %
Q3: 0.0%
g 4: 0.0 %
Q5: 0.0%
g e6: 0.0%

Position Standard Deviation Percentages:
0.00 = 0.10 m: 100.0 %
0,10 = 0.30 m: 0.0
0.3¢ - 1,00 m: 0.0
1.00 - 5.00m: 0.0
5.00 m + over: 0,0

W o oo o

Percentages of epochs with DD DOP over 10.00:
DOP over Tol: 0.0'$

Baseline Distances:

Maximum: 82.633 (im)
Minimum: 1,351 (¥m)
Average: 31.911 (im)

First Epoch: 25.241 (im)
Last Epoch: 25.227 (km)



Mission 6 — 3818341a Sensor Errors

x accelerometer bias (micro-g)
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y gyro bias (deg/hr)
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3818346a GNSS Processing

Project: 3818346a GrafNav v8.50.4320

Combined - Map Geographic, DMS
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Project: 38183462 GrafNav v8.50.4320

3818346a [Combined] - Forward/Reverse or Combined Separation Plot
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Project: 38183463 GrafNav v8.50.4320

3818346a [Combined] - PDOP Plot
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Project: 3818346a GrafNav v8.50.4320

3818346a [Combined] - Number of Satellites Bar Plot
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File: 2818246a.5um GrafNav v8.50.4320

Processing Summary Information
Program: GrafNav
Version: 6.50.4320
Project: P:\3149 Fortlauderdale From EX4S4a\FieldData\LiDAR\381834€a\05_INS-GPS_PROC\01
_PCS5\3818346a\3816346a\GNSS\3818346a.gnv
Solution Type: Combinsd

Number of Epochs:

Total in GPB file: 20388
No processed position: 0
Missing Fwd or Rav: N
With bad C/A code: 0
With bad L1 Phass: 0

Msasurement RMS Values:
11 Phase: 0.0222 (m)
C/A Code: 0.72 (m)
11 Doppler: 0.588 (m/s)

Fwd/Rev Separation RMS Valuss:
East: 0.007 (m)
Norch: 0.011 (m)
Height: 0.039 (m)

Pwd/Rev Sep., RMS for dual FWD/REV fixes (20363 occurances):
East: 0.006 (m}
North: 0.010 (m)
Height: 0.034 (m)

Quality Number Percentages:
Q 1: 99.9°%
Q2: 0.1%
Q 3: 0.0:%
Q 4: 0D.0°%
Q@ S: 0.0-%
Qe: 0.0¢%

Position Standard Deviation Percentages:
0.00 - 0.10 m: 100.0 %
0.10 - 0.30 m: 0.0 %
0.30 - 1.00m: 0.0 %
1.00 - 5.00m: 0.0 %
S5.00 m + over: 0.0 $

Percentages of spochs with DD DOP over 10.00:
DOP over Tel: 0.0 %

Baselins Distances:

Maximum: 75.850 (km)
Minimum: 3.295 (&m)
Averags: 41,218 (im)

First Epoch: 32.957 (km)
Last Epoch: 33.898 (km)



Mission 7 — 3818346a Sensor Errors

x accelerometer bias (micro-g)
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z accelerometer bias (micro-g)
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3818351a GNSS Processing

Project: 3818351a GrafNav v8.50.4320

Combined - Map Geographic, DMS
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Project: 3818351a GrafNav v8.50.4320

3818351a [Combined] - Forward/Reverse or Combined Separation Plot
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Project: 3818351a GrafNav v8.50.4320

3818351a [Combined] - PDOP Plot
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Project: 3818351a GrafNav v8.50.4320

3818351a [Combined] - Number of Satellites Bar Plot
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File: 3818351a.sum GrafNav v8.50.4320

Processing Summary Information

Program: GrafNawv

Version: £.50.4320

Project: P:\3149% Fortlaudsrdale From EX484a\FieldData\LiDAR\3818351A\0S. INS-GPS PROC\(O1
_POS\3818351&a\3618351a\GNSS\3818351a.gnv

Solution Typs: Combined

Numbsr of Epochs:
Total in GPB file: 11989
No processed position: 0
Missing Fwd or Rev: S

Viith bad C/A code: 0

¥With bad L1 Phase: C
Msasurement RMS Values:

L1 Phase: 0.0171 (m)

C/A Code: 0.74 (m)

L1 Doppler: 0.841 (m/s)

Fwd/Rev Separation RMS Valuss:
East: 0.007 (m)
North: 0.007 (m)
Height: 0.015 (m)

Fwd/Rev Sep. RMS for dual FWD/REV fixes (11984 occcurances):
East: 0.007 (m)
North: 0.007 (m)
Height! 0.015 (m)

Quality Number Percentages:
98.7
1.3
0.0
2.0

0.0
0.0

DOOOO0O
N I T S
o0 0 0P 40 dp 0P

Position Standard Deviation Percentages:
0.00 - 0.10 m: 100.0 %
0.10 - 0.30 m: 0.0 %
0.30 - 1.00m: 0.0 %
1.00 - 5.00m: 0.0 %
5.00 m + over: 0.0 %

Percentages of epochs with DD_DOP owver 10.00:
DOP over Tol: 0.0 %

Baselins Distances:

Maximum: §5.668 (km)
Minimum: 1.33c (¥m)
Average: 48,481 (im)

First Epoch: 24.704 (i)
Last Epoch: 23.76E (km)



Mission 8 — 3818351a Sensor Errors

x accelerometer bias (micro-g)
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z accelerometer bias (micro-g)
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Y gyro bias (deg/hr)

0.11

0.1
0.09
0.08 §
0.07 1
0.06 §
0.05
0.04
0.03 4

0.024

0.01

-0.01
-0.02
-0.03
.0'04,
-0.05
-0.06 1
.0'07‘

-0.08 4

-0.094

-0.1
-0.11
-0.12

S—

e e
192,000
Time (sec)

— e  —
186,000 188,000 190,000

z gyro bias (deg/hr)

——
196,000

0.13
0.12
0.11
0.1
0.09
0.08
0.07
0.06
0.05
0.04
0,03
0.02
0.01
0
-0.01 4
-0.02-
-0.03 4
-0.041
-0.05
-0.06 ]
-0.07
-0.08

-0.094 -

=0.1

—

—
190,000

- —
192,000

S
188,000
Time (sec)

—
186,000

—
194,000

196,000



0.08 4
0.0754-
0.07
0.065+
0.06 ‘
0,055
0.05
0.045
0.04
0.035
0.03 1

0,025

| | ’
mmmMﬂMWSUJbILﬂwMF

f—— T m— e —— T—— T r—
186,000 188,000 190,000 192,000 194,000 196,000
Time (sec)

— North Position Error RMS (m) — East Position Error RMS (m) — [« osition Erro: 1S (n




