Appendix F : GPS Processing Blocks 9-13
TRAJECTORY PLOTS BY FLIGHT
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Altitude (m)

2,400
2,350
2,300
2,250
2,200
2,150
2,100
2,050
2,000
1,950
1,900
1,850
1.800]
1,750
1,700
1,650
1,600
1,550
1,500
1,450
1,400
1,350
1,300
1,250
1,200
1,150
1,100
1,050
1,000
9504
900
850
8004
7504
7004
6501
600
5504
500
450
400
350
300
250
2004
150

T T T T T T T T T
218.000 220,000 222,000 224,000 226,000 228,000 230.000 232.000 234,000
Time (sec)
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Baseline Length (m)

145,000
140,000
135,000
130,000
125,000
120,000
115,000
110,000
105,000
100,000
95,000
90,000
85,000
80,000
75,000
70,000
65,000
60,000
55,000
50,000
45,000
40,000
35,000
30,000
25,000
20,000-
15,000
10,000
5,000
o

T T T T T T T T T T T T T T T T T
218,000 219,000 220,000 221,000 222,000 223,000 224,000 225000 226000 227000 228000 229,000 230,000 231,000 232,000 233,000 234,000
Time (sec)

2

Forward [v© Reverse
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53 General Information
I3 Units

) View

(0 Satellite Selection

Timing
Multipath and Baseline
+ Initialization

f23 GNSS-Inertial Processor

Reference to IMU Lever Arm

X 0.034m
Y 0.018m
z 0.210m

Reference to Primary GNSS Lever Arm

% 0.174m
Y 0025m
5 0.968m
Standard |
Deviation

<Gcm 10cm 50cm  1m

Reference to IMU Mounting Angles

X 0.000 deg
Y 0.000 deg
z 180.000 deg

Aircraft to Reference Mounting Angles

X 0.000 deg
Y 0000 éeg
7 0.000 deg
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Number of GLONASS Satellites

T T T T T T T T T T T T T T T T T
218,000 219,000 220,000 221,000 222,000 223,000 224000 225000 226,000 227,000 228000 229,000 230,000 231,000 232,000 233,000 234,000
Time (sec)

Forward [v Reverse
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Number of GPS Satellites

T T T T T T T T T T T T T T T T T
218,000 219,000 220,000 221,000 222,000 223000 224,000 225000 226,000 227000 228,000 229,000 230,000 231,000 232,000 233,000 234,000
Time (sec)

Forward [v© Reverse
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PDOP

1.84
1.82-
187
1.78
1.76]
1.74
1.72
177
1.68]
1.66 ]
1.64
1.62
167
1.58 a
1.56 ]
1.541
1.52
157
1.48]
1.46]
144
1.42]
1.4
1.38
1.36]
1.34
1.32
1.3
1.28]
1.26
1.24]
1.22
1.2
1.18]
1.16]

T T T T T T T T T T T T T T T T T
218,000 219,000 220,000 221,000 222,000 223,000 224000 225000 226,000 227,000 228000 229,000 230,000 231,000 232,000 233,000 234,000
Time (sec)

[V —Forward [V Reverse
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Processing mode

y T T T T T u T T T T T T T
218,000 219,000 220.000 221,000 222,000 223,000 224000 225000 226,000 227,000 228,000 229.000 230,000 231,000 232,000 233.000 234,000
Time (sec)

G
[0 = Fixed NL, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = G/A, 7 = GNSS Nav. 8 = DR |

Forward [v©  Reverse
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-

218,000 220,000 222,000 224,000 226,000 228,000 230,000 232,000 234,000
Time (sec)

[—=North (m) — East(m) — Down (m) - DR mode
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0.045
0.0444

0.0421

0.0054

218,000 220,000 222,000 224,000 226,000 228,000 230,000 232,000 234,000
Time (sec)

North Position Error RMS (m) East Position Error RMS (m) ——— Down Position Error RMS (m) ]
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[0 General Information Timing
g \ljnis Start  [217408.000 | | Data Incr. {sec)
ew =

5 Satellite Selection End  [234079.000 | |Output Record 0.005000
¥ GNSS-Inertial Processor Entire time interval MU 0.005000

: [ Seconds of stortweek | Pimary GNSS 1000000

Multipath and Baseline 7

- Initialization UTC Offset ~ |13.000 |

“ Lever Arms and Mounting A
I3 Export Processable Time Windows
I Camerz : r—
@ Lomn Startafterlaunch  WaitTime (4000 | sec
@ sar [ Satfme  ExdTme  Dumbon _ ReasonForEnd

[¥]|217408.000 234073.000 16671.000 | End of file
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gl

218,000 220,000 222,000 224,000 226,000 228,000 230,000 232,000 234,000
Time (sec)

x accelerometer bias (micro-g) y accelerometer bias {micro-g) —— z acc
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700}
650
600}
550
500
450-
400
350
300
250
200}
150
100

50

-50
-100

-150
-200
-250
-300
-350
-400
-450
-500
-550§
-600-

218,000 220,000 222,000 224,000 226,000 ZZSbOO 230,000 232,000 234,000
Time (sec)

x accelerometer scale error (ppm) y accelerometer scale error (ppm) z aceelerometer scale error (ppm)
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3.2

218,000 220,000 222,000 224,000 226,000 228,000 230,000 232,000 234,000
Time (sec)

[—— x gyro bias (degihr) — y gyro bias (deg/hr) — z gyro bias (deg/hir
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100

-40
,GOV
-80

-100

-120]

-140

-1607

-180

200

220

240

260

280

-300]

-320

-340

-3604

-380

-400

218,000 220,000 222,000 224,000 226,000 228:000 230,000 232,000 234,000
Time (sec)

X gyro scale error (ppm) ——y gyro scale error (ppm) —— z qyro scale error (pprm)
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I General Information

B3 Units

ES View

9 Rover Import

I Satellite Selection

IS GNSS-Inertial Processor
Timing
Algorithms
Initizlization

iLever Arms and Mounting Angles

= Export
IS Camera
2 LDAR
= SAR

Reference to IMU Lever Arm
X 003m
Y 0.018m

7 0210m

Reference to Primary GNSS Lever Arm
X 0.174m

" 0.025m

z 0.568m

Standard ‘_)

Deviation
<3cm 10cm 50cm  1m

Reference to IMU Mounting Angles
X D0.000 deg
0.000 deg
z 180.000 deg
Aircraft to Reference Mounting Angles
X 0.000 deg

Y 0.000 deg

z 0.000 deg
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@

. “\
7.6

74

72 ’

7

: |

420,000 421,000 422,000 423,000 424,000 425,000 426,000 427,000 428,000 425,000 430,00 431,000
Time (sec)

Kumber of GPS Satellies Mumber of GLCNASS Saellles
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PDOP

=
202 f\/
2

198
196 |
1.94
1.92

19
1.88
1.86
1.84
1.82

178
1.76
1.74
1.72
17
168
1.66
1.64
1.62

1.82

1.48 ‘

L/ﬁ /’l / /JF “\HLJ\J ; 1

128
126 F |
124 \/

420,000 421,000 422,000 423,000 424,000 425,000 426,000 427,000 423,000 429,000 430,000 431,000
Time {sec)
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Processing mode

1
0
-1
420,000 421,000 422,000 423,000 424,000 425,000 426,000 427,000 428,000 429,000 430,000 431,000
Time (sec}

0 = Fixed NL, 1 = Fixed WL,

Float, 3 = DGNSS, 4 = RTCH, 5 = [APP, § = CfA, 7 = GNSS MNav, 8 = DR
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0.01
0.009
0.008
0.007
0.006
0.005
0.004
0.003] |
0.002

-3
—

T

420,000 421,000 422,000 423,000 424,000 425,000 426,000 427,000 428,000 429,000 430,000 431,000
Time {sec)

North {m) — East (m) Down () =s= DR made
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R

\

420,000 421,000 422,000 423,000 424,000 425,000 426,000 427,000 428,000 428,000 436,000 431,000
Time {sec)

Horth Positicn Error RMS (m) East. Position Error RMS (m) Down Positi
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I General Information Timing

B Units Start  [415235.000 Data

B View End [431587000 | |Output Record
I3 Rover Import Entire time interval MU

@ Satellite Selection Seconds olistateek. || ErmaGNES
I GMSS-Inertial Processor

UTC Offset 18.000
- Algerithms

SR Processable Time Windows
- Initialization
- Lever Arms and Mounting Angles Start after launch ~ Wait Time iGG'EJ sec
= Export
B Camera Start Time End Time Duration Reason For End
£2 LDAR 413235.000 431587.000 12352.000 |End of file
@ sAR
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200 = o b
180

160

Mo

120 -

-340
-350
-380

-400

420,000 421,000 422,000 423,000 424,000 425,000 426,000 427,000 428,000 428,000 430,00 431,000
Time {sc)

x accelerometer tias (micro-g) ' accelerometer bias (micre-g}
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5
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Y
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420,000 421,000 422,000 423,000 424,000 425,000 426,000 427,000 428,000 428,000 430,00 431,000
Time (sec)

- x accelerameler sczle errer {ppm)  — y accelerometer scale error (ppm) z acceleramreler scale errar (ppm)
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0.9

0.8

0.7

05

0.5

04

0.3

0.2

01

420,000 421,000 422,000 423,000 424,000 425,000 426,000 427,000 428,000 425,000 430,000 431,000
Time {sec)

X gyro bias {ceg/br) y gyre bias (deg/hr) ¢ gyra bias
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-180

-180

-200

-220

240

-260

-280

-300

=320

420,000 421,000 422,000 423,000 424,000 425,000 426,000 427,000 428,000 428,000 430,00 431,000
Time (sec)

x gyro scale errer {ppm) ¥ gyra scale error (pam) 2 gyro Scale er
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200

150

-50

-100

-150

-200

-250

-300

-350

485,000 450,000
Time (sec)

495,000

500,000

— xaccelerometer bias (micro-g) — vy accelerometer bias (micro-g)

Z acc

[la]
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250 - B —
200
150
100

=0

-50

-100) — -
-150
-200 : —_— . ! T
-250
-300

-350 ! ! —

485,000 450,000 495,000 500,000
Time (sec)

— xaccelerometer scale error (ppm) — y accelerometer scale error {(ppm) z accelerometer
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Altitude (m)

2,200
2,100
2,000
1,900
1,800
1,700
1,600
1,500
1,400
1,300
1,200
1,100
1,000

900

800

700

485,000 450,000 495,000 500,000
Time (sec)
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Baseline Length (m)

0,000

55,000

50,000

45,000 |

40,000 f

35,000 |

30,000

25,000

20,000

15,000

10,000

485,000

490,000

Time (sec)

495,000

500,000
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485,000 450,000 495,000 500,000
Time (sec)

— x gyro bias (dea/hr) = vy gyro bias (deg/hr) z gyro bias (de
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100

50

-50

-100

-150

-200

-250

-300

485,000

490,000

495,000

Time (sec)

= x gyro scale error (ppm) = v gyro scale error (ppm) z gyro scale error (ppm

500,000

S

& Project Settings

General Information
Units

View

Rowver Import

Satellite Selection
GNS5-Inertial Processor
E - Timing

- Algorithms

Initialization

i ever Arms and Mounting fAngles

Export
Camera
LiDAR
SAR

4 LS »

Reference to IMU Lever &rm

X [0.034m |
Y [0.018m |
z [-0.210m |

Reference to Primary GNSS Lever &rm

X [-0.174m |
Y [-0.025m |
z [-0.968m |
Standard
Deviation

<3cm 10cm 50cm  Tm

10m

Reference to IMU Mounting Angles

X |0.000 deg |
Y |0.000 deg |
z [180.000 deg |

Aircraft to Reference Mounting Angles

X |0.000 deg |
Y [0.000 deg |
z [0.000 deg |

Cancel
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PDOP

1.85

1.5

1.85

1.8

1.75

1.7

1.65

1.6

1.55

1.5

1.45

1.4

1.35

=
1.3 LI

1.25

485,000 480,000 495,000 500,000
Time (sec)
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0.033
0.032
0.031
0.03
0.029
0.028
0.027
0.026
0.025
0.024
0.023
0.022
0.021
0.02
.01 i
oaoisd |
0.017 4 |
0.016
0.015
0.014
0.013
0.012
0.011
0.01
0.008
0.008
0.007

485,000 450,000 495,000 500,000

Time (sec)

= Morth Fosition Error RMZ (m) = East Position Error RMS (m) Down Position Error RMS {m))
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11

10

9.5

8.5

7.5

6.5

4]
5
4.5
4

485,000 450,000 495,000 500,000
Time (sec)

= Mumber of GP5 Satellites =— Number of GLONASS Satellites
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0.01 4
0.00%
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001 4

o]

-0.001
-0.002
-0.003
-0.004
-0.005
-0.006

-0.007
-0.008
-0.005

-0.01
-0.011
-0.012

gm—
—

485,000

490,000

Time (sec)

T
495,000

= Morth (m) = East (m)

Ciown (M) === DR mode

L
500,000

' Project Settings

9 General Information

2 Units

B View

[ Rover Import

[ Satellite Selection

[ GNSS-Inertial Processor

Algorithms
Initizlization

- Lewer Arms and Mounting Angles
[ Export

9 Camera

9 LDAR

= saR

4| m ] 3

Timing
Start | 482243.000 Data Incr. (zec)
End | 500834.000 Output Record 0.005000

[] Entire time interval MU 0.005000

[~ Seconds of start week | Primary GNSS 1.000000
UTC Offset 15.000
Processable Time Windows

[ startafter launch ~ Wait Time | 4.000 sec
Start Time End Time Duration Reason For End

18591.000 | End of file
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350

300

100

50

-50

-100

-150

-200 -

166,000 168,000 170,000 172,000 174,000
Time (sec)

— xaccelerometer bias (micro-g) — vy accelerometer bias (micro-g) z accelerometer bias {micro-
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-100

-200
-300
-400 : -

-500 — : : —
-600

-700

-800

-500
-1,000

-1,100 : ! —

166,000 168,000 170,000 172,000

Time (sec)

174,000

— xaccelerometer scale error (ppm) — y accelerometer scale error {(ppm)

Z acc
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Altitude (m)

2,300
2,200
2,100
2,000
1,900
1,800
1,700
1,600
1,500
1,400
1,300
1,200
1,100
1,000

200

800

166,000 168,000 170,000 172,000 174,000
Time (sec)
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Baseline Length (m)

50,000 -
agooo ]\
46,000 A
44,000 \
42,000 \
40,000 \
38,000 3
36,000
34,000
32,000
30,000
28,000
26,000
24,000
22,000
20,000
18,000
16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000

166,000

168,000

i
Il
N
f
\
II \
Iul I|I
A
) |I
1 ||l |I
i [
| |
‘|‘ ,I |I
1 { | "
\ J i
\ | I|I f \
I| f ! |I
\ f \ |
| { \ 1 In'
\ { ] ! f
h | | A i
\ f | A .'
| / | [ |
| I | - {
\ [ Y R
) { L/ (R
\\ f lI | ", |I.
i .I \f | /
W L4 |
i\ \ |
170,000 172,000

Time (sec)

SmangzReiy

174,000
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166,000 168,000 170,000 172,000 174,000
Time (sec)

— x gyro bias (dea/hr) = vy gyro bias (deg/hr) z gyro bias (de




Page50 of 1606

130

160

80
&0
40

20

-20
-40
-60
-80

-100

-120 ' ==

166,000

168,000

170,000

Time (sec)

172,000

174,000

= x gyro scale error (ppm) = v gyro scale error (ppm) z gyro scale error (ppm

& Project Settings

5 General Information

3 Units

B3 View

2 Rover Import

9 Satellite Selection

[ GMNSS-Inertial Processor
Timing

Algorithms

Initialization

ever Arms and Mounting Angles
= Export
= Camera
= LiDAR
= SaR
'l w 3

Reference to IMU Lever &rm

X [0.034m |
Y [0.018m |
z [-0.210m |

Reference to Primary GMSS Lever Arm

b3 [0.174m |
Y [-0.025m |
z |-0.968m |
Standard
Deviation

<3cm 10em 50cm  1m

10m

Reference to IMU Mounting Angles

X [0.000 deg |
Y |0.000 deg |
z 180.000 deg |

Aircraft to Reference Mounting Angles

X [0.000 deg |
Y [0.000 deq |
z [0.000 deq |

Cancel
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PDOP

1.8

1.75

1.7

1.65

1.6

1.4 g

1.35

1.3

1.25

1.2

166,000 168,000 170,000 172,000 174,000
Time (sec)
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0.036

0.034

0.032

0.028

0.026

0.024

0.022

0.018

0.016

0.014

0.012

0.01

0.008

166,000 168,000 170,000 172,000 174,000
Time (sec)

= Morth Fosition Error RMZ (m) = East Position Error RMS (m) Down Position Error RMS {m))
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10

9.5

8.5

7.5

6.5

5.5

4.5

166,000 168,000 170,000 172,000 174,000
Time (sec)

= Mumber of GP5 Satellites =— Number of GLONASS Satellites
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0.02
0.013
0.016
0.014
0.012

0.01
0.008
0.006
0.004
0.002

0]
-0.002
-0.004

-0.006
-0.008

-0.01
-0.012
-0.014
-0.016

-0.018
-0.02

166,000

168,000

-
170,000

T
172,000
Time (sec)

= Morth (m) = East (m)

Ciown (M) === DR mode

174,000

176,000

' Project Settings

7 General Information

3 Units

B View

9 Rover Import

7 Satellite Selection

1 GNS5-Inertizl Processor

- Initialization

- Lewer Arms and Mounting Angles
9 Export

9 Camera

7 LiDAR

3 saR

Timing

Start  |165001.000

End | 175990.000
[] Entire time interval
[] Seconds of start week

UTC Offset 18.000

Processable Time Windows

Data Iner. {gec)

Output Record 0.005000

IMU 0.005000

Primary GNS5 1.000000

[] Start after launch ‘Wit Time

4000 sec

Start Time

End Time

Duration Reason For End

[-1|165001.000

175950.000

10983.000 | End of file
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160

120
100
80
&0 ke §
40
20

-20
-40
-60 / s _.
-80 J ! e N N - - —
-100
-120 _
-140 —
-160
-180
-200
-220
-240
-260
-280
-300
-320
-340
-360

316,000 318,000 320,000 322,000 324,000 326,000
Time (sec)

— xaccelerometer bias (micro-g) — vy accelerometer bias (micro-g) z accelerometer bias {micro-g
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350

300

-100

-150

-200

-250

-300

-350

-400

-450

-500 S

316,000 318,000 320,000

Time (sec)

322,000

324,000

326,000

— xaccelerometer scale error (ppm) — y accelerometer scale error {(ppm)

Z acce
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Altitude (m)

2,420
2,410
2,400
2,390
2,380
2,370
2,360
2,350
2,340
2,330
2,320
2,310
2,300
2,250
2,280
2,270
2,260
2,250
2,240
2,230
2,220
2,210
2,200
2,150
2,180
2,170
2,160

316,000 318,000 320,000 322,000 324,000 326,000
Time (sec)
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Baseline Length (m)

38,000 A
36,000
34,000
32,000
30,000
28,000
26,000 | | | |
24,000 . | | i
22,000 , . | |
20,000 | | f
18,000 | | .
16,000 | \

14,000 '  —
12,000 b | o/

10,000 |

316,000 318,000

20000m

320,000
Time (sec)

322,000

324,000

326,000
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0.6

0.4

0.2

-0.2

-0.4

-0.6

-0.8

-1.2

-1.4

-1.6

-1.8

-2.2

-2.4

316,000 318,000 320,000 322,000 324,000 326,000
Time (sec)

— x gyro bias (dea/hr) = vy gyro bias (deg/hr) z gyro bias (de
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-100
-1z20
-140
-160
-180
-200
-220
-240

316,000

318,000 320,000

Time (sec)

322,000 324,000

326,000

= x gyro scale error (ppm) = v gyro scale error (ppm) z gyro scale error (ppm

&

* Project Settings

FFFE

General Information
Units

View

Reover Impart

Satellite Selection
GMNSE-Inertial Processeor

- Timing
- Algorithms
- Initialization

iLewer Arms and Mounting Angles

Export
Camera
LiDAR
SAR

L] 3

Reference to IMU Lever Arm

X [0.034m

Y [0.018m

z [-0.210m

Reference to Primary GNSS Lever Arm

X [0.174m

Y [-0.025m

z [-0.968m

Standard
Dewiation
<3cm 10cm S0cm  Tm

10m

Reference to IMU Mounting Angles

X [0.000 deg

Y [0.000 deg

z | 180.000 deg

Aircraft to Reference Mounting Angles

X |0.000 deg

Y |0.000 deg

z |0.000 deg
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