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Appendix B: GPS and IMU Processing Reports for Each Mission
CAU17328A

Altitude (m)

476,000 478,000 480,000 482,000 484,000 86,000 488,000 490,000 492,000 494,000

486,
Time (sec)

Baseline Length (m)

28,000
27,000
26,000
25,000
24,000
23,000
22,000
21,000
20,000
19,000
18,000
17,000
16,000
15,000
14,000
13,000
12,000
11,000
10,000

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

478,000 480,000 482,000 484,000 486,000 488,000 450,000 452,000 484,000
Time (sec)
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10000m

0.006
0.005
0.004
0.003
0.002

0.001

-0.001

-0.002

-0.003

-0.004

-0.005

-0.006

-0.007

-0.008

-0.008

-0.011

-0.012

-0.013

-0.014

-0.015

-0.016

-0.017

478,000 480,000 482,000 484,000 486,000 488,000 450,000 492,000 494,000
Time (sec)

Warth (m) — East (m) = DR mode
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PDOP

478,000 480,000 482,000 484,000 486,000 488,000 450,000 452,000 454,000
Time (sec)

Processing mode

480,000 485,000 450,000 495,000
Time (sec)

0 = Fixed WL, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR
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0.034
0.033
0.032

0.031

0.028
0.028
0.027
0.026
0.025
0.024
0.023

0.022

0.018
0.017
0.016
0.015
0.014
0.013
0.012

0.011

478,000 480,000 482,000 484,000 486,000 488,000 490,000 482,000 494,000
Time (sec)

— North Position Error RMS (m) — East Position Error RMS (m)

o

10

478,000 480,000 482,000 484,000 486,000 488,000 490,000 492,000 494,000
Time (sec)

— Mumber of GFS Satellites — Number of GLONASS Satellites
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x accelerometer bias (micro-g)

-100
-110
-120
-130
-140
-150
-160

-170

-180

-180

-200 -

-210

-220

-230 ¢\~_N\/J/f\/\/va
-240 %\’\M

-250 MNJN

-260

-270

zs | Y\ 3
-290

-300
-310
-320
-330
-340
-350
-360
-370
-380

-390

-400

478,000 480,000 482,000 484,000 486,000 488,000 450,000 452,000 454,000
Time (sec)

x accelerometer scale error (ppm)

-100

-120

-140

-160

-180

-200

-220

-240

-260

-230

-300

-320

-340

478,000 480,000 482,000 484,000 485,000 488,000 430,000 492,000 454,000
Time (sec)
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x gyro bias (deg/hr)

478,000 480,000 482,000 484,000 486,000 488,000 450,000 452,000 454,000
Time (sec)

x gyro scale error (ppm)

478,000 480,000 482,000 484,000 485,000 488,000 430,000 492,000 454,000
Time (sec)
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y accelerometer bias (micro-g)

b}

&
ég \\fv =

478,000 480,000 482,000 484,000 486,000 488,000 450,000 452,000 454,000
Time (sec)

y accelerometer scale error (ppm)

478,000 480,000 482,000 484,000 485,000 488,000 430,000 492,000 454,000
Time (sec)
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vy gyro bias (deg/hr)

478,000 480,000 482,000 484,000 486,000 488,000 450,000 452,000 454,000
Time (sec)

y gyro scale error (ppm)

478,000 480,000 482,000 484,000 485,000 488,000 430,000 492,000 454,000
Time (sec)
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z accelerometer bias (micro-g)

478,000 480,000 482,000 484,000 486,000 488,000 450,000 452,000 454,000
Time (sec)

z accelerometer scale error (ppm)

478,000 480,000 482,000 484,000 485,000 488,000 430,000 492,000 454,000
Time (sec)
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z gyro bias (deg/hr)

478,000 480,000 482,000 484,000 486,000 488,000 450,000 452,000 454,000
Time (sec)

z gyro scale error (ppm)

478,000 480,000 482,000 484,000 485,000 488,000 430,000 492,000 454,000
Time (sec)
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RBV1731

Baseline Length (m)

43,000
42,000
41,000
40,000
39,000
38,000
37,000
36,000
35,000
34,000
33,000
32,000
31,000
30,000
29,000
28,000
27,000
26,000
25,000
24,000
23,000
22,000
21,000
20,000
19,000
18,000
17,000
16,000
15,000
14,000
13,000
12,000
11,000
10,000

9,000

8000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

50,000 51,000 52,000 53,000 54, 55,000 56,000 57,000 58,000 58,000

000
Time (sec)
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0.018

0.016

0.014

0.012

0.008

0.006

0.004

0.002

-0.002

-0.004

-0.006

-0.008

-0.012

-0.014

-0.016

-0.018

-0.022

-0.024

-0.028

49,000 50,000 51,000 52,000 53,000 54,000

3 55,000 56,000 57,000 58,000 59,000
Time (sec)

— North (m) — East (m) — Down (m) = DR mode

PDOP

50,000 51,000 52,000 53,000 54, 55,000 56,000 57,000 58,000 59,000

000
Time (sec)
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Processing mode

1
a
-1
50,000 52,000 54,000 56,000 58,000
Time (sec)

0 = Fixed ML, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR

0.032

0.031

0.029

0.028

0.027

0.026

0.025

0.024

0.023

0.022

0.021

0.019

0.018

0.017

0.016

0.015

0.014

0.013

0.012

0.011

0.008

0.008

0.007

0.006

50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000 59,000
Time (sec)

— North Pesition Error RMS (m) — East Position Error RMS (m) — Down Position Error RMS
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10

50,000 51,000 52,000 53,000 54,000

2 55,000
Time (sec)

— Number of GPS Satellites — Number of GLONASS Satellites

x accelerometer bias (micro-g)

56,000

57,000

58,000

59,000

50,000 51,000 52,000 53,000 54, 55,000

000
Time (sec)

56,000

57,000

58,000

59,000
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x accelerometer scale error (ppm)

50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000 5,000
Time (sec)

x gyro bias (deg/hr)

50,000 51,000 52,000 53,000 54 55,000 56,000 57,000 58,000 59,000

000
Time (sec)
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x gyro scale error (ppm)

55

80

85

80

75

70

65

60

55

50

45

40

35

30

5

20

15

10

50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000 5,000
Time (sec)

y accelerometer bias (micro-g)

50,000 51,000 52,000 53,000 54, 55,000 56,000 57,000 58,000 59,000

000
Time (sec)
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y accelerometer scale error (ppm)

50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000 5,000
Time (sec)

y gyro bias (deg/hr)

-0.01

-0.02

-0.03

-0.04

-0.05

-0.06

-0.07

-0.08

-0.09

50,000 51,000 52,000 53,000 54 55,000 56,000 57,000 58,000 59,000

000
Time (sec)
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y gyro scale error (ppm)

50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000 5,000
Time (sec)

z accelerometer bias (micro-g)

50,000 51,000 52,000 53,000 54, 55,000 56,000 57,000 58,000 59,000

000
Time (sec)
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z accelerometer scale error (ppm)

50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000 5,000
Time (sec)

z gyro bias (deg/hr)

50,000 51,000 52,000 52,000 54,00 55,000 56,000 57,000 58,000 59,000

0
Time (sec)
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z gyro scale error (ppm)

50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000 5,000
Time (sec)

RBV17310A
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Altitude (m)

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

1,000

304,000 306,000 308,000 310,000 312,000 314,000 316,000 318,000 320,000
Time (sec)

Baseline Length (m)

50,000

48,000

48,000

44,000

42,000

40,000

38,000

36,000

34,000

32,000

30,000

28,000

26,000

24,000

22,000

20,000

16,000

16,000

14,000

12,000

10,000

8,000

6,000

4,000

2,000

304,000 308,000 308,000 310,000 312,000 314,000 316,000 318,000 320,000
Time (sec)
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SmartBase Regiof

0.014
0.013
0.012 1 |
0.011

0.01 ‘

0.008

0.006

: RNE

i ! 1kl ”1 | | i \‘,
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K
-0.001 h H ‘ 1
[ A | 11
| ’ L

-0.005 ‘“

-0.003

-0.006 J
-0.007

-0.008 ‘

-0.004
-0.009

-0.01

-0.011 1
-0.012
-0.013 |
-0.014
-0.015
-0.016
-0.017
-0.018
-0.019
-0.02
-0.021
-0.022
-0.023
-0.024
-0.025
-0.026
-0.027

304,000 308,000 308,000 310,000 312,000 314,000 316,000 318,000 320,000
Time (sec)

North (m) — East (m) - DR mode
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PDOP

1.98
1.96
1.94
1.92

1.88
1.86
1.84
1.82

1.78
1.76
1.74
1.72

1.68
1.66
1.64
1.62

1.58
1.56
1.54
1.52

1.48
145
144
142

1.38
1.36
1.34
1.32

1.28
1.26

304,000 306,000 308,000 310,000 312,000 314,000 316,000 318,000 320,000
Time (sec)

Processing mode

305,000 310,000 315,000 320,000
Time (sec)

0 = Fixed WL, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR
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0.028
0.028
0.027
0.026
0.025
0.024
0.023

0.022

0021 A Al

0.018
0.018
0.017
0.016
0.015
0.014
0.013
0.012

0.011

0.008

0.008

304,000 306,000 308,000

310,000 312,000 314,000
Time (sec)

— North Position Error RMS (m) — East Position Error RMS (m) — Down Po

316,000

318,000

320,000

10

304,000 308,000 308,000

310,000 312,000 314,000
Time (sec)

— Mumber of GFS Satellites — Number of GLONASS Satellites

316,000

318,000

320,000
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-100

-110

-120

-130

-140

-150

x accelerometer bias (micro-g)

304,000 306,000 308,000 310,000 312,000 314,000 316,000 318,000 320,000
Time (sec)

x accelerometer scale error (ppm)

304,000 305,000 308,000 310,000 312,000 314,000 316,000 318,000 320,000
Time (sec)
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x gyro bias (deg/hr)

304,000 306,000 308,000 510,000 312,000 314,000 516,000 318,000 320,000
Time (sec)

x gyro scale error (ppm)

304,000 305,000 308,000 310,000 312,000 314,000 316,000 318,000 320,000
Time (sec)
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y accelerometer bias (micro-g)

-100

-110

-120

-130

-140

304,000 306,000 308,000 310,000 312,000 314,000 316,000 318,000 320,000
Time (sec)

y accelerometer scale error (ppm)

304,000 305,000 308,000 310,000 312,000 314,000 316,000 318,000 320,000
Time (sec)
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vy gyro bias (deg/hr)

304,000 306,000 308,000 510,000 312,000 314,000 516,000 318,000 320,000
Time (sec)

y gyro scale error (ppm)

304,000 305,000 308,000 310,000 312,000 314,000 316,000 318,000 320,000
Time (sec)
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z accelerometer bias (micro-g)

\\/\” — A J\ . J S S \/J\_/-\ /‘J e

304,000

306,000

308,000

310,000 312,000 314,000 316,000 318,000 320,000
Time (sec)

z accelerometer scale error (ppm)

304,000

306,000

308,000

310,000 312,000 314,000 316,000 318,000 320,000
Time (sec)




Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 31 of 592

-0.01

-0.02

-0.03

-0.04

-0.05

-0.08

-0.07

-0.08

-0.09

-0.41

z gyro bias (deg/hr)

304,000 306,000 308,000 510,000 512,000 314,000 316,000 318,000 320,000
Time (sec)

z gyro scale error (ppm)

304,000 305,000 308,000 310,000 312,000 314,000 316,000 318,000 320,000
Time (sec)

RBV17319B
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Altitude (m)

)

2,500

2,400 W

2,300 |

2,200 ’

2100 JJ

2,000 )

1,900 | \
|

1,800 |

1,700

1,600

1,500 ‘

1,400 f

1,300 }

1,200 J
|

1,100 |
1,000 1 \

300
340,000 342,000

330,000 332,000 334,000 336,000 338,000
Time (sec)

326,000 328,000

Baseline Length (m)

64,000
62,000
60,000
58,000
56,000
54,000
52,000
50,000
48,000
45,000

44,000
42,000
40,000 \

38,000
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
338,000 340,000

334,000 338,000

330,000 332,000
Time (sec)

326,000 328,000
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- SmanBaseRegipn—

20000m

0.018
0.016
0.014
0.012
0.01
0.008 |
0.006
0.004
ooz | |

-0.002

-0.004
-0.006
-0.008

-0.01
-0.012
-0.014
-0.016
-0.018

-0.02
-0.022
-0.024
-0.026
-0.028

-0.03
-0.032
-0.034
-0.038
-0.038

-0.04
-0.042
-0.044
-0.045
-0.048

-0.05

326,000 328,000 330,000 332,000 334,000 336,000 338,000 340,000
Time (sec)

North (m) — East (m) - DR mode
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PDOP

326,000 328,000 330,000 332,000 334,000 336,000 338,000 340,000
Time (sec)

Processing mode

330,000 335,000 340,000
Time (sec)

0 = Fixed WL, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR
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0.028

0.028

0.027

0.026

0.025

0.024

0.023

0.022

0.021 s

0.018

0.018 | | [T
0.017

0.018 B f t |

0.015

0.014

0.013

0.012

0.011

0.009

0.008

0.007

326,000 328,000 330,000

332,000

Time (sec)

334,000

336,000

— North Position Error RMS (m) — East Position Error RMS (m)

338,000

340,000

326,000 327,000 328,000 329,000 330,000

331,000

332,000

333,000
Time (sec

334,000

335,000

— Mumber of GFS Satellites — Number of GLONASS Satellites

336,000

337,000

338,000

339,000

340,000

341,000
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x accelerometer bias (micro-g)

326,000 328,000 330,000 332,000 334,000 336,000 338,000 340,000
Time (sec)

x accelerometer scale error (ppm)

326,000 328,000 330,000 332,000 334,000 336,000 338,000 340,000
Time (sec)
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x gyro bias (deg/hr)

0.035

326,000 328,000 330,000 332,000 334,000 336,000 338,000 340,000
Time (sec)

x gyro scale error (ppm)

326,000 328,000 330,000 332,000 334,000 336,000 338,000 340,000
Time (sec)
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y accelerometer bias (micro-g)

326,000 328,000 330,000 332,000 334,000 336,000 338,000 340,000
Time (sec)

y accelerometer scale error (ppm)

326,000 328,000 330,000 332,000 334,000 336,000 338,000 340,000
Time (sec)
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vy gyro bias (deg/hr)

326,000 328,000 330,000 332,000 334,000 336,000 338,000 340,000
Time (sec)

y gyro scale error (ppm)

326,000 328,000 330,000 332,000 334,000 336,000 338,000 340,000
Time (sec)
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z accelerometer bias (micro-g)

115

100

326,000 328,000 330,000 332,000 334,000 336,000 338,000 340,000
Time (sec)

z accelerometer scale error (ppm)

\$/\\\W\/\J wf e

326,000 328,000 330,000 332,000 334,000 335,000 338,000 340,000
Time (sec)



Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 41 of 502

z gyro bias (deg/hr)

326,000 328,000 330,000 332,000 334,000 336,000 338,000 340,000
Time (sec)

z gyro scale error (ppm)

326,000 328,000 330,000 332,000 334,000 336,000 338,000 340,000
Time (sec)

RBV17320A
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Altitude (m)
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45,000
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32,000
31,000
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26,000
25,000
24,000
23,000
22,000
21,000
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18,000
18,000
17,000
16,000
15,000
14,000
13,000
12,000 \
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10,000
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5,000
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387,000 388,000 389,000 400,000

401,000 402,000 403,000
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404,000 405,000 408,000 407,000 408,000
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2,200
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Time (sec)
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Baseline Length (m)
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14,000
12,000
10,000
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0,009
0.008
0.007
0.006
0.005
0.004 |
0.003 i
0.002 1
0.001

-0.001 A
-0.002
-0.003
-0.004
-0.005
-0.006
-0.007
-0.008
-0.009

-0.01
-0.011
-0.012
-0.013
-0.014

~ Project Settings

&

220,000 225,000 230,000
Time (sec)

— Morth {m) — East(m) Ciown (m) == DR mode

General Information
Units

View

Rover Import

Satellite Selection
GNSS5-Inertial Processor
Timing

- Algorithms
 Initialization

GEOODE

Export
Camera
LiDAR
S&R

FEDD

Stabilized Mount to IMU Lever &rm Stabilized Mount to MU Mounting Angles

X |0.000 m B s |0.000 deg |

Y [0.000m [ 0.000 deg |

z [0.000 m [z 0.000 deg |

Stabilized Mount to Primary GNSS Lever Aircraft to Stabilized Mount Mounting
Arm Angles

X [-0.031 m | |0.000 deg |

Lever Arms and Mounting Angles Y [0.004 m [ 0.000 deg |

z [-0611m [l |0.000 deg |

Standard '
Deviation

<3cm 10cm S50cm 1m  10m

Measurements are to the stabilized platform's center of rotation with the Gimbal in the rest position.

Cancel
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PDOP

2.2
2.15
21
2.05

1.85
1.5
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1.8
1.75
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1.5
1.45

1.4
1.35
1.3

1.25
1.2
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Processing mode
1
i
-1
220,000 225,000 230,000
Time (sec)

0 = Fixed ML, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR
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0.016
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0.012
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2.5
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Time (sec)
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x accelerometer scale error (ppm)

440

420

400

380

340

320

300

280

260

220

200

160

140

220,000 225,000 230,000
Time (sec)



Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714
July 17, 2018

Page 97 of 592

x gyro bias (deg/hr)
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x gyro scale error (ppm)
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y accelerometer scale error (ppm)
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y gyro bias (deg/hr)
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y gyro scale error (ppm)
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z accelerometer scale error (ppm)

-140
-160
-180
-200
-220
-240
-260

-280 ]\
}

s
T o A A

-420
-440
-460
-480

-500

-520

220,000 225,000 230,000
Time (sec)



Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 105 of 592

z gyro bias (deg/hr)
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Baseline Length (m)
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24,000
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18,000
16,000
14,000
12,000
10,000
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240,000 242,000 244,000 246,000 248,000 250,000 252,000
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0.035

0.03

0.025

0.02

0.015

0.01

0.005

-0.005

-0.01

-0.015

-0.02

-0.025

-0.03

-0.035

-0.04

240,000

' Project Settings

242,000 244,000 246,000 248,000 250,000 252,000
Time (sec)

— Morth {m) — East(m) Ciown (m) == DR mode

5 General Information
1 Units

9 View

9 Rover Import

I Satellite Selection

1 GNSS-Inertial Processor
;--Timing

- Algorithms

- Initialization

~iLever &ms and Mounting Angles

I Export
1 Camera
7 LiD&R
SAR

< [ |

Stabilized Mount to IMU Lever Arm Stabilized Mount to IMU Mounting Angles
X [0.000m 13 [0.000 deg |
W [0.000m [ [0.000 deg |
z [0.000m [z 0.000 deg ]
Stabilized Mount to Primary GNSS Lever Aircraft to Stabilized Mount Mounting
Arm Angles
X [-0.031 m | [0.000 deg |
Y [0.004 m [ 0.000 deg ]
z [-0611m 11122 0.000 deg |
Standard
Deviation

<3cm 10cm 50cm  1m  10m
Measurements are to the stabilized platform's center of rotation with the Gimbal in the rest position.

I 0K I I Cancel
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PDOP

2.45
2.4
2.35
2.3
2.25

2.2 [

2.15
2.1 \
2.05

1.95 /

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
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Time (sec)
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Processing mode
1
]
1
240,000 242,000 244,000 246,000 248,000 250,000 252,000

Time (sec)

0 = Fixed ML, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR
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— Morth Position Error RMZ (m) — East Position Error RMS (m)
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x accelerometer bias (micro-g)
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x accelerometer scale error (ppm)
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x gyro bias (deg/hr)
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x gyro scale error (ppm)
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y accelerometer bias (micro-g)
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y accelerometer scale error (ppm)
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y gyro scale error (ppm)
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z accelerometer bias (micro-g)
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z accelerometer scale error (ppm)
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z gyro scale error (ppm)
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0.0055
0.005
0.0045
0.004
0.0035
0.003
0.0025
0.002
0.0015

0.001
0.0005 ‘\L
0 L.w

-0.0005
-0.001

-0.0015
-0.002
-0.0025
-0.003
-0.0035
-0.004
-0.0045
-0.005
-0.0055
-0.006
-0.0085| |
-0.007
-0.0075
-0.008
-0.0085
-0.009 |
-0.0095
-0.01
-0.0105
-0.011
-0.0115
-0.012

i

304,000

- Project Settings

305,000

General Information
Units

View

Rover Import
Satellite Selection

FOOPOPE

71 GNSS-Inertial Processor
Timing

Algorithms

Initialization

iLever Arms and Mounting Angles

17 Export
I Camera
I3 LiDAR
E3 SAR

4 L4

306,000 307,000 308,000

Time (sec)

308,000 310,000 311,000 312,000

— Morth (m) — East (m)

™) - DR mode

Stabilized Mount to MU Lever &m

X [0.000m [
Y [0.000 m |
z [0.000m [

Stabilized Mount to Primary GNSS Lever
Arm

X [-0.031 m [
Y |0.004 m |
z [-0B11m [
Standard
Deviation

<3cm 10cm 50cm  1m  10m

Stabilized Mount to IMU Mounting Angles

X 0.000 deg |
Y 0.000 deg |
z 0.000 deg |
Aircraft to Stabilized Mount Mounting

Angles

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

Measurements are to the stabilized platform's center of rotation with the Gimbal in the rest position.

313,000

Cancel




Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 130 of 592

PDOP
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Time (sec)

Processing mode

304,000 305,000 306,000 307,000 308,000 309,000 310,000 311,000 312,000
Time (sec)

0 = Fixed NL, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR |
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2,500
2,800
2,700
2,600
2,500
2,400
2,300
2,200
2,100
2,000
1,800
1,800
1,700
1,600
1,500
1,400
1,300
1,200

1,100

350,000 392,000 394,000 396,000 398,000 400,000 402,000 404,000 406,000 408,000
Time (sec)

Baseline Length (m)

37,000
36,000
35,000
34,000
33,000
32,000
31,000
30,000
29,000
28,000
27,000
26,000
25,000
24,000
23,000
22,000
21,000
20,000
18,000
18,000
17,000
16,000
15,000
14,000
13,000
12,000
11,000
10,000

9,000

8000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

382,000 384,000 395,000 398,000 400,000 402,000 404,000 405,000 408,000
Time (sec)
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20000m

0.002
0.0015

0.001

0.0005
AL i

-0.0005

-0.001
-0.0015
-0.002
-0.0025
-0.003 |
-0.0035 |
-0.004 ‘
-0.0045
-0.005
-0.0055
-0.006
-0.0085
-0.007
-0.0075
-0.008
-0.0085
-0.003

-0.0095

-0.0105
-0.011

-0.0115

392,000 394,000 395,000 398,000 400,000 402,000 404,000 408,000 408,000
Time (sec)

North (m) — East (m) ~ DR mode
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PDOP

1.24
1.22

1.2
1.18
1.16
114

392,000 354,000 396,000 398,000 400,000 402,000 404,000 406,000 408,000
Time (sec)

Processing mode

395,000 400,000 405,000
Time (sec)

0 = Fixed WL, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR
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0.036
0.035
0.034
0.033
0.032

0.031

0.028
0.028
0.027
0.026
0.025
0.024
0.023
0.022 |

0.021

0.019
0.018
0.017

0.016 f ! |

0.009

0.008

0.007

0.008

392,000 384,000 396,000 398,000 400,000 402,000 404,000 408,000 408,000
Time (sec)

— North Position Error RMS (m) — East Position Error RMS (m) — Do

10

392,000 394,000 396,000 398,000 400,000 402,000 404,000 406,000 408,000
Time (sec)

— Mumber of GFS Satellites — Number of GLONASS Satellites




Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 142 of 592

-110

-120

-130

-140

-150

-160

x accelerometer bias (micro-g)

392,000 354,000 396,000 398,000 400,000 402,000 404,000 406,000 408,000
Time (sec)

x accelerometer scale error (ppm)

382,000 384,000 385,000 388,000 400,000 402,000 404,000 405,000 408,000
Time (sec)
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x gyro bias (deg/hr)

352,000 394,000 396,000 398,000 400,000 402,000 404,000 406,000 408,000
Time (sec)

x gyro scale error (ppm)

392,000 384,000 396,000 388,000 400,000 402,000 404,000 405,000 408,000
Time (sec)
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y accelerometer bias (micro-g)

392,000 354,000 396,000 398,000 400,000 402,000 404,000 406,000 408,000
Time (sec)

y accelerometer scale error (ppm)

382,000 384,000 385,000 388,000 400,000 402,000 404,000 405,000 408,000
Time (sec)
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vy gyro bias (deg/hr)

352,000 394,000 396,000 398,000 400,000 402,000 404,000 406,000 408,000
Time (sec)

y gyro scale error (ppm)

382,000 384,000 385,000 388,000 400,000 402,000 404,000 405,000 408,000
Time (sec)
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z accelerometer bias (micro-g)

105
100

392,000 354,000 396,000 398,000 400,000 402,000 404,000
Time (sec)

z accelerometer scale error (ppm)

\
120 \—.\ N A !
= \/W\/\\ f \ /\ f"'\\/,\ \‘\/\«—\\
E S aye

382,000 394,000 396,000 398,000 400,000 402,000 404,000
Time (sec)



Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 147 of 592

z gyro bias (deg/hr)

0.21

392,000 354,000 396,000 398,000 400,000 402,000 404,000 406,000 408,000
Time (sec)

z gyro scale error (ppm)

382,000 384,000 385,000 388,000 400,000 402,000 404,000 405,000 408,000
Time (sec)
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Altitude (m)

2,600

2,500

2,400

2,300

2,200

2,100

2,000

1,500

1,800

1,700

1,600

1,500

1,400

1,300

1,200

1,100

1,000

412,000 41,000 416,000 418,000 420,000 422,000 424,000 426,000 428,000
Time (sec)

Baseline Length (m)

56,000
54,000
52,000
50,000
48,000
45,000
44,000
42,000
40,000
38,000
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

413,000 414,000 415,000 415,000 417,000 418,000 418,000 420,000 421,000 422,000 423,000 424,000 425,000
Time (sec)
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SmarBase Region

20000m

0.017
0.016
0.015
0.014
0.013
0.012
0.011
0.01
0.009
0.008
0.007
0.006
0.005
0.004 ‘
0.003
0.002 |
0.001

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

-0.008

-0.012

413,000 414,000 415,000 418,000 417,000 418,000 418,000 420,000 421,000 422,000 423,000 424,000 425,000
ime (sec)

North (m) — East (m) ~ DR mode
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PDOP

1.69
1.68
1.67
1.66
1.65
1.64
1.63
162
1.61
1.6
1.59
1.58
1.57
1.56
1.55
1.54
1.53
1.52 r—
1.51
1.5
1.49
1.48
1.47
1.46

1.45
144
1.43
1.42

1.41
14
1.39
1.38
1.37
1.36
135
1.34
1.33 /_‘\
1.32
131
13
1.29
1.28
1.27
1.26
1.25
1.24

B

413,000 414,000 415,000 416,000 417,000 418,000 419,000 420,000 421,000 422,000
Time (sec)

Processing mode

423,000

424,000

425,000

414,000 416,000 418,000 420,000 422,000
Time (sec)

0 = Fixed WL, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR

424,000
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0.034
0.033
0.032

0.031

0.029
0.028
0.027
0.026
0.025
0.024
0.023
0.022

0.021

0.013
0.018 \
0.017
0.016 \ i
0.015
0.014
0.013
0.012

0.011

0.009

0.008

0.007

413,000 414,000 415,000 416,000

417,000

418,000

418,000

Time (sec)

420,000

421,000

— North Position Error RMS (m) — East Position Error RMS (m)

422,000

423,000

424,000

425,000

413,000 414,000 415,000 416,000

417,000

418,000

419,000
Time (sec)

420,000

— Mumber of GFS Satellites — Number of GLONASS Satellites

421,000

422,000

423,000

424,000

425,000
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x accelerometer bias (micro-g)

413,000 414,000 415,000 416,000 417,000 418,000 419,000 420,000 421,000 422,000 423,000 424,000 425,000
Time (sec)

x accelerometer scale error (ppm)

413,000 414,000 415,000 415,000 417,000 418,000 418,000 420,000 421,000 422,000 423,000 424,000 425,000
Time (sec)



Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 153 of 592

x gyro bias (deg/hr)

413,000 412,000 415,000 416,000 417,000 418,000 413,000 420,000 421,000 422,000 423,000 424,000 425,000
Time (sec)

x gyro scale error (ppm)

-100

-105

-110

-115

-120

-125

-130

-135

-140

-145

-150

-155

-160

-165

-170

413,000 414,000 415,000 416,000 417,000 418,000 415,000 420,000 421,000 422,000 423,000 424,000 425,000
Time (sec)
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y accelerometer bias (micro-g)

413,000 414,000 415,000 416,000 417,000 418,000 419,000 420,000 421,000 422,000 423,000 424,000 425,000
Time (sec)

y accelerometer scale error (ppm)

413,000 414,000 415,000 415,000 417,000 418,000 418,000 420,000 421,000 422,000 423,000 424,000 425,000
Time (sec)
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vy gyro bias (deg/hr)

413,000 412,000 415,000 416,000 417,000 418,000 413,000 420,000 421,000 422,000 423,000 424,000 425,000
Time (sec)

y gyro scale error (ppm)

413,000 414,000 415,000 416,000 417,000 418,000 418,000 420,000 421,000 422,000 423,000 424,000 425,000
Time (sec)
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z accelerometer bias (micro-g)

413,000 414,000 415,000 416,000 417,000 418,000 419,000 420,000 421,000 422,000 423,000 424,000 425,000
Time (sec)

z accelerometer scale error (ppm)

A A AN A Y

413,000 414,000 415,000 416,000 417,000 418,000 415,000 420,000 421,000 422,000 423,000 424,000 425,000
Time (sec)
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z gyro bias (deg/hr)

-0.01

-0.02

-0.03

-0.04

-0.05

-0.08

-0.07

-0.08

-0.09

-0.41

-0.12

-0.13

413,000 414,000 415,000 416,000 417,000 418,000 413,000 420,000 421,000 422,000 423,000 424,000 425,000
Time (sec)

z gyro scale error (ppm)

413,000 414,000 415,000 415,000 417,000 418,000 418,000 420,000 421,000 422,000 423,000 424,000 425,000
Time (sec)

RBV17328A



Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 158 of 592

Altitude (m)

2,800 Mﬂ

2,750
2,700
2,650
2,600
2,550
s g
2,500 f W
2,450 \ —
2,400 ,}
2,350 }
2,300 |
2,250 ‘} \
2,200 -"W /
2,150 | \
2,100
2,050 k /
2,000 ’N\J
1,950
1,300
1,850
1,800
1,750
1,700
1,650
1,600
1,550
1,500
1,450
1,400
1,350

1,300

480,000 482,000 484,000 485,000 488,000 450,000 452,000 454,000
Time (sec)

Baseline Length (m)

68,000
66,000
64,000
62,000
60,000
58,000
56,000
54,000
52,000
50,000
48,000
46,000
44,000
42,000
40,000

38,000

36,000
34,000

32,000

30,000 }

28,000 1

26,000

24,000 \

22,000

20,000

18,000 \ \
16,000

14,000

12,000

10,000

8,000

6,000

480,000 482,000 484,000 485,000 488,000 430,000 492,000 434,000
Time (sec)



Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018
Page 159 of 592

nan.te_.Re@




Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 160 of 592

0.016

0.015

0.014

0.013

0.012

0.011

0.009

0.008

0.007

0.006

0.005

0.004

0.003

0.002

“-““: k’_ A l ]L T
i S —

-0.002
-0.003
-0.004
-0.005
-0.006

-0.007

-0.008

-0.00%

480,000 482,000 484,000 486,00

0 488,000
Time (sec)

— North (m) — East (m) — Down (m) = DR mode

PDOP

450,000

492,000

454,000

1.86
1.84
1.82

1.78
1.76
1.74
1.72

1.68
1.66
164
1.62

1.58 ﬂ

1.56
1.54
1.52

1.48
1.46
144
1.42

1.38
1.36
1.34

1.32
1.3
1.28
1.26 L

1.24
1.22

1.18
1.16
114
112

P—

480,000 482,000 484,000 488,000

488,000
Time (sec)

4V Reverse

490,000

492,000

494,000
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Processing mode

1
a
-1
480,000 482,000 484,000 486,000 438,000 450,000 452,000 454,000
Time (sec)

0 = Fixed ML, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR

0.024
0.0235
0.023
0.0225
0.022
0.0215
0.021
0.0205
0.02
0.0195
0.018 |
0.0185
0.018
0.0175
00174 | i It
0.0165 i :
0.016
00155 | i
0.015 |
0.0145 T —

0.014 — For \ H
0.0135 [ by Il
0.013 ) -

0.0125
0.012
0.0115
0.011
0.0105
0.0t
0.0085
0.008
0.0085

0.008
0.0075
0.007
0.0085
0.006

480,000 482,000 484,000 486,000 488,000 490,000 492,000 494,000
Time (see)

— North Position Error RMS {m) — East Position Error RMS (m)
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480,000 482,000 484,000 486,000 488,000 430,000 452,000 434,000
Time (sec)

— Number of GPS Satellites — Number of GLONASS Satellites

x accelerometer bias (micro-g)

105

480,000 482,000 484,000 485,000 438,000 40,000 482,000 434,000
Time (sec)
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x accelerometer scale error (ppm)

480,000 482,000 484,000 486,000 488,000 450,000 452,000 454,000
Time (sec)

x gyro bias (deg/hr)

-0.01

-0.02

-0.03

-0.04

-0.05

-0.08

-0.07

-0.08

-0.08

-0.41

-0.12

-0.13

-0.14

480,000 482,000 484,000 486,000 488,000 450,000 452,000 454,000
Time (sec)
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x gyro scale error (ppm)

-100

-105

-110

-115

-120

-125

-130

-135

-140

-145

-150

-155

-160

-165

480,000 482,000 484,000 486,000 488,000 450,000 452,000 494,000

Time (sec)

y accelerometer bias (micro-g)

480,000 482,000 484,000 485,000 438,000 40,000 482,000 434,000
Time (sec)
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y accelerometer scale error (ppm)

480,000 482,000 484,000 486,000 488,000 450,000 452,000 454,000
Time (sec)

vy gyro bias (deg/hr)

480,000 482,000 484,000 486,000 488,000 490,000 432,000 454,000
Time (sec)
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y gyro scale error (ppm)

480,000 482,000 484,000 486,000 488,000 450,000 452,000 434,000
Time (sec)

z accelerometer bias (micro-g)

480,000 482,000 484,000 485,000 438,000 40,000 482,000 434,000
Time (sec)
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z accelerometer scale error (ppm)

A WA AN AN

480,000 482,000 484,000 486,000 488,000 450,000 492,000 454,000
Time (sec)

z gyro bias (deg/hr)

-0.01

-0.02

-0.03

-0.04

-0.05

-0.06

-0.07

-0.08

-0.08

-0.11

480,000 482,000 484,000 486,000 488,000 490,000 432,000 454,000
Time (sec)
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z gyro scale error (ppm)

480,000 482,000 484,000 486,000 488,000 450,000 452,000 454,000
Time (sec)

RBV17328B
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Altitude (m)

%Mm

/ Mww\uﬁ ‘

66,000
64,000
62,000
60,000
58,000
56,000
54,000
52,000
50,000
48,000
46,000
44,000
42,000
40,000
38,000
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

500,000 502,000 504,000 506,000 508,000 510,000 512,000
Time (sec)

Baseline Length (m)

/ \ "
\ = E= \\ \
Vo v “\N\\/

438,000 500,000 501,000 502,000 503,000 504,000 505,000 505,000 507,000 508,000 508,000 510,000
Time (sec)
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SmartBase Reign

¢ B

20000m

0.0145
0.014
0.0135
0.013
0.0125
0.012
0.0115
0.011
0.0105
.01
0.0095
0.008
0.0085
0.008
0.0075
0.007
0.0085
0.006
0.0055
0.005
0.0045
0.004 ‘
0.0035
0.003 ‘
0.0025
0.002 I
0.0015
0.001
0.0005

-0.0005 r J | ! |
-0.001 i
-0.0015
-0.002
-0.0025
-0.003
-0.0035
-0.004
-0.0045
-0.005
-0.0055
-0.006
-0.0065
-0.007
-0.0075

499,000 500,000 501,000 502,000 503,000 504,000 505,000 506,000 507,000 508,000 509,000 510,000
Time (sec)

Warth (m) — East (m) = DR mode
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PDOP

1.96
1.9
1.92

1.9

1.88
1.86
1.84
1.82

1.8
1.78
1.76
1.74
1.72

1.7

1.68
1.66
1.64
1.62

1.58
1.56
1.54
1.52

1.5
1.48
1.46
144
1.42

1.4
1.38
1.36
1.34
1.32 U

1.3
1.28
1.26
1.24

499,000 500,000 501,000 502,000 503,000 504,000 505,000 506,000 507,000 508,000 509,000 510,000
Time (sec)

Processing mode

500,000 502,000 504,000 506,000 508,000 510,000
Time (sec)

0 = Fixed WL, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR
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0.034

0.033

0.032

0.031

0.029

0.028

0.027

0.026

0.025

0.024

0.023

0.022

0.021

0.019

0.018

0.017

0.016

0.015

0.014

0.013

0.012

0.011

0.009

0.008

499,000 500,000 501,000 502,000 503,000 504,000 505,000 506,000 507,000 508,000 508,000 510,000
Time (sec)

— North Position Error RMS (m) — East Position Error RMS (m) — Do

499,000 500,000 501,000 502,000 503,000 504,000 505,000 506,000 507,000 508,000 509,000 510,000
Time (sec)

— Mumber of GFS Satellites — Number of GLONASS Satellites
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x accelerometer bias (micro-g)

499,000 500,000 501,000 502,000 503,000 504,000 505,000 506,000 507,000 508,000 509,000 510,000
Time (sec)

x accelerometer scale error (ppm)

495,000 500,000 501,000 502,000 503,000 504,000 505,000 506,000 507,000 508,000 508,000 510,000
Time (sec)
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x gyro bias (deg/hr)

0.12
0.115

0.11
0.405

0.095
0.09
0.085

0.075

0.055

493,000 500,000 501,000 502,000 503,000 504,000 505,000 506,000 507,000 508,000 503,000 510,000
Time (sec)

x gyro scale error (ppm)

-100

-105

-110

-115

-120

-125

-130

-135

-140

-145

-150

-155

-160

435,000 500,000 501,000 502,000 503,000 504,000 505,000 505,000 507,000 508,000 508,000 510,000
Time (sec)
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y accelerometer bias (micro-g)

499,000 500,000 501,000 502,000 503,000 504,000 505,000 506,000 507,000 508,000 509,000 510,000
Time (sec)

y accelerometer scale error (ppm)

459,000 500,000 501,000 502,000 503,000 504,000 505,000 506,000 507,000 508,000 509,000 510,000
ime (sec)
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vy gyro bias (deg/hr)

0.105

0.095
0.08
0.085
0.08
0.075
0.07
0.065
0.06
0.055
0.05
0.045
0.04
0.035

0.025

493,000 500,000 501,000 502,000 503,000 504,000 505,000 506,000 507,000 508,000 503,000 510,000
Time (sec)

y gyro scale error (ppm)

498,000 500,000 501,000 502,000 503,000 504,000 505,000 505,000 507,000 508,000 508,000 510,000
Time (sec)
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z accelerometer bias (micro-g)

499,000 500,000

501,000

502,000

504,000 505,000 506,000 507,000 508,000 509,000 510,000

Time (sec)

503,000

z accelerometer scale error (ppm)

AN e

459,000 500,000

501,000

502,000

504,000 505,000
Time (sec)

503,000 506,000 507,000 508,000 509,000 510,000
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z gyro bias (deg/hr)

-0.01
-0.02
-0.03
-0.04
-0.05
-0.08
-0.07
-0.08

-0.09

-0.11
-0.12

-043

455,000 500,000 501,000 502,000 503,000 504,000 505,000 506,000 507,000 508,000 503,000 510,000
Time (sec)

z gyro scale error (ppm)

459,000 500,000 501,000 502,000 503,000 504,000 505,000 506,000 507,000 508,000 509,000 510,000
ime (sec)

RBV17320A
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Altitude (m)

2,750

2,700

2,650

2,600

2,550

2,500

2,450

2,400

2,350

2,300

2,250

2,200

2,150

2,100

2,050

2,000

1,850

1,900

1,850

1,800

1,750

566,000 568,000 570,000 572,000 574,000 576,000 578,000 580,000
Time (sec)

Baseline Length (m)

46,000

44,000

42,000

40,000

38,000

36,000

34,000

32,000

30,000

26,000

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

565,000 568,000 570,000 572,000 574,000 575,000 578,000 580,000
Time (sec)

¥ Rever
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' Project Settings

9 General Information

B3 Units

B3 View

9 Rover Import

71 Satellite Selection

I GNSS-Inertial Processor
- Timing

i Algorithms

- |nitialization

“iLever Arms and Mounting Angles
B3 Export

I Camera

E3 LiDAR

B3 SAR

] [ »

Stabilized Mount to IMU Lever Arm

X [0.000m |
Y [0.000m |
z [0.000m |

gﬁabilized Mount to Primary GNSS Lever
m

X [0.031m |
Y 0.004m |
z [0611m |
Standard
Deviation

<3cm 10cm 50cm 1m

Measurements are to the stabilized platform’s center of rotation with the Gimbal in the rest position.

PDOP

10m

Stabilized Mount to IMU Mounting Angles

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

Aircraft to Stabilized Mount Mounting
Angles

X 0.000 deg
X |0.0DO deg
z 0.000 deg

OK

| | Cancel

566,000 568,000

570,000 572,000

574,000

Time (sec)

¥ — Forward [

Reverse

576,000 578,000

580,000
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Processing mode

1
0
-1
566,000 568,000 570,000 572,000 574,000 576,000 578,000 580,000
Time (sec)

¥ Rever

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

0.041
0.04
0.038
0.038
0.037
0.036
0.035
0.034
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 ! W
0.02
0.018
0.018
0.017
0.016
0.015
0.014

0.013
0.012
0.011

0.01
0.009

566,000 568,000 570,000 572,000 574,000 576,000 578,000 580,000
Time (sec)

— North Position Error RMS {m) — East Position Error RMS (m)
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5.3
56
5.4
5.2

H

566,000 568,000 570,000 572,000 574,000 576,000 578,000 580,000
Time (sec)

— Number of GPS Satellites — Number of GLONASS Satellites

x accelerometer bias (micro-g)

565,000 568,000 570,000 572,000 574,000 575,000 578,000 580,000
Time (sec)
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x accelerometer scale error (ppm)

566,000 568,000 570,000 572,000 574,000 576,000 578,000 580,000
Time (sec)

x gyro bias (deg/hr)

-0.01

-0.02

-0.03

-0.04

-0.05

-0.06

-0.07

-0.08

-0.09

566,000 568,000 570,000 572,000 574,000 575,000 578,000 580,000
Time (sec)
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x gyro scale error (ppm)

566,000 568,000 570,000 572,000 574,000 576,000 578,000 580,000
Time (sec)

y accelerometer bias (micro-g)

565,000 568,000 570,000 572,000 574,000 575,000 578,000 580,000
Time (sec)
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y accelerometer scale error (ppm)

566,000 568,000 570,000 572,000 574,000 576,000 578,000 580,000
Time (sec)

vy gyro bias (deg/hr)

-0.01

-0.02

-0.03

-0.04

-0.05

-0.06

-0.07

-0.08

-0.09

-0.11

-0.12

-0.13

566,000 568,000 570,000 572,000 574,000 575,000 578,000 580,000
Time (sec)
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y gyro scale error (ppm)

566,000 568,000 570,000 572,000 574,000 576,000 578,000 580,000
Time (sec)

z accelerometer bias (micro-g)

105
100

565,000 568,000 570,000 572,000 574,000 575,000 578,000 580,000
Time (sec)
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z accelerometer scale error (ppm)

-180

: AN P O

-230
-240
-250
-260
-270
-280
-290
-300
-310
-320
-330
-340

566,000 568,000 570,000 572,000 574,000 576,000 578,000 580,000
Time (sec)

z gyro bias (deg/hr)

565,000 568,000 570,000 572,000 574,000 576,000 578,000 580,000
Time (sec)
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z gyro scale error (ppm)

566,000 568,000 570,000 572,000 574,000 576,000 578,000 580,000
Time (sec)

RBV17329B
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2,420
2,400
2,380
2,360
2,340
2,320
2,300
2,280
2,260
2,240
2,220
2,200
2,180
2,160
2,140
2,120
2,100
2,080
2,060
2,040
2,020
2,000
1,980
1,960
1,840
1,820
1,500
1,880
1,860
1,840
1,820
1,800
1,780
1,760
1,740
1,720
1,700
1,680
1,660
1,640
1,620
1,600
1,580

Altitude (m)

40,000
39,000
38,000
37,000
36,000
35,000
34,000
33,000
32,000
31,000
30,000
29,000
28,000
27,000
26,000
25,000
24,000
23,000
22,000
21,000
20,000
18,000
18,000
17,000
16,000
15,000
14,000
13,000
12,000
11,000
10,000

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1

, Nyt VWWWMMMWWM«{’\\J

|
|
|
\
1
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\
1
|
|

|

|
e

Wwwwﬂww

NV»L J\«W e M

588,000 588,500 585,000 589,500 590,000 590,500 591,000 591,500 592,000 592,500 593,000 593,500 594,000
Time (sec
Baseline Length (m)
588,000 583,500 589,000 589,500 590,000 590,500 591,000 591,500 592,000 592,500 593,000 593,500 594,000
Time (sec)

c2

Rever
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20000m

0.018
0.017
0.015
0.015
0.01¢
0.013
0.012
0.011
0.01
0.008
0.008
0.007
0.006
o005 | :‘
ao0s ] |
0.003
0.002 ‘
0.001

-0.001 |‘
-0.002 |
-0.003 ‘
-0.004
-0.005
-0.006
-0.007
-0.008
-0.009
-0.01
-0.011
-0.012
-0.013
-0.014
-0.015
-0.016
-0.017 ‘

-0.018
-0.01%

-0.02
-0.021
-0.022
-0.023

588,000 588,500 589,000 589,500 550,000 580,500 591,000 591,500 592,000 582,500 593,000 583,500 584,000
Time (sec)

North (m) — East (m) ~ DR mode




Virginia West Chesapeake Central LIDAR

TO# Gi15PDo0714
July 17, 2018
Page 192 of 592

i/ Project Settings

9 General Information

Units

B2 View

9 Rover Import

7 Satellite Selection

I GNSS-Inertial Processor
~ Timing

- Algorithms
- Initialization

“-iLever Arms and Mounting Angles

3 Export
5 Camera
3 LiDAR
B2 SAR

< 1 | »

Stabilized Mount to IMU Lever Arm

X [0.000m |
Y [0.000m |
z [0.000m |
f\:?nbilized Mount to Primary GNSS Lever

X [-0.031m |
Y (0.004m |
z [0611m |
=

<3cm 10cm 50cm 1m

10m

Stabilized Mount to IMU Mounting Angles

X
¥
Z

0.000 deg

|0.000 deg

0.000 deg

Aircraft to Stabilized Mount Mounting
Angles

X
Y

74

0.000 deg

[0.000 deg

|0.000 deg

Measurements are to the stabilized platform’s center of rotation with the Gimbal in the rest position.

PDOP

ok ]

1.82

1.8

1.78

1.76

1.74

1.72

17

1.68

1.66

1.6

1.62

16

1.58

1.56

1.54

152

1.5

1.48

1.46

144

142

1.4

1.38

1.36

1.34

1.32

B

588,000 588,500

589,000

583,500 550,000 550,500

¥ — Forward ¥

591,000
Time (sec)

Reverse

551,500

552,000

582,500

583,000

583,500 554,000
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Processing mode

1
0
-1
588,000 588,500 589,000 588,500 550,000 550,500 551,000 591,500 592,000 582,500 593,000 583,500 584,000
Time (sec)

¥ Rever

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

0.04
0.038
0.038
0.037
0.036
0.035
0.034
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
0.019
0.018
0.017
0.016
0.015
0.014

0.013
0.012
0.011

0.01
0.009
0.008

588,000 588,500 589,000 589,500 590,000 590,500 591,000 591,500 592,000 592,500 593,000 593,500 594,000
Time (see)

North Position Error RMS (m) — East Position Error RMS (m)
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588,000 588,500 588,000 588,500

550,000 590,500 591,000 591,500 592,000 592,500 593,000 593,500

Time (sec)

MNumber of GPS Satellites — Number of GLONASS Satellites

x accelerometer bias (micro-g)

594,000

583,000 588,500 589,000 589,500

550,000 550,500 551,000

Time (sec)

551,500 552,000 552,500 583,000 553,500

554,000
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x accelerometer scale error (ppm)

588,000 588,500 583,000 589,500 550,000 590,500 551,000 551,500 552,000 552,500 593,000 593,500 554,000
Time (sec)

x gyro bias (deg/hr)

0.105

0.085

0.085

0.085

588,000 588,500 588,000 589,500 550,000 580,500 591,000 581,500 592,000 582,500 593,000 593,500 54,000
Time (sec)
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x gyro scale error (ppm)

588,000 588,500 583,000 589,500 550,000 590,500 551,000 551,500 552,000 552,500 593,000 593,500 554,000
Time (sec)

y accelerometer bias (micro-g)

588,000 588,500 585,000 589,500 550,000 550,500 551,000 591,500 582,000 592,500 583,000 583,500 584,000
Time (sec)
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y accelerometer scale error (ppm)

588,000 588,500 583,000 589,500 550,000 590,500 551,000 551,500 552,000 552,500 593,000 593,500 554,000
Time (sec)

vy gyro bias (deg/hr)

588,000 588,500 588,000 589,500 550,000 580,500 591,000 581,500 592,000 582,500 593,000 593,500 54,000
Time (sec)



Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 198 of 592

y gyro scale error (ppm)

588,000 588,500 583,000 589,500 550,000 590,500 551,000 551,500 552,000 552,500 593,000 593,500 554,000
Time (sec)

z accelerometer bias (micro-g)

588,000 588,500 585,000 589,500 550,000 550,500 551,000 591,500 582,000 592,500 583,000 583,500 584,000
Time (sec)
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z accelerometer scale error (ppm)

588,000 588,500 589,000 589,500

550,000

550,500

z gyro bias (deg/hr)

591,000
Time (sec)

591,500

592,000

552,500

593,000

593,500

554,000

588,000 588,500 583,000 589,500

550,000

580,500

591,000
Time (sec)

581,500

552,000

582,500

583,000

583,500

584,000
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z gyro scale error (ppm)

588,000 588,500 583,000 589,500 550,000 590,500 551,000 551,500 552,000 552,500 593,000 593,500 554,000
Time (sec)

RBV17331A
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Altitude (m)

2,850
2,800
2,750
2,700
2,650
2,600
2,550
2,500
2,450
2,400
2,350
2,300
2,250
2,200
2,150
2,100
2,050
2,000
1,850
1,800
1,850
1,800
1,750
1,700
1,650

1,600

134,000 135,000 136,000 137,000 138,000 133,000 140,000 141,000 142,000 143,000 144,000 145,000 145,000
Time (sec)

Baseline Length (m)

72,000
70,000
68,000
66,000
64,000
62,000
60,000
58,000
56,000
54,000
52,000
50,000
48,000
45,000
44,000
42,000
40,000
38,000
36,000
34,000
32,000
30,000
28,000
26,000
24,000
22,000
20,000
18,000
16,000

14,000

134,000 135,000 136,000 137,000 138,000 139,000 140,000 141,000 142,000 143,000 144,000 145,000 146,000
Time (sec)

¥ Rever
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0.0045
0.004 ‘

0.003
0.0025

0.0035 '
I

0.002
0.0015
0.001

0.0005

-0.0005
-0.001
-0.0015
-0.002
-0.0025

-0.003
-0.0035
-0.004
-0.0045
-0.005
-0.0055
-0.006
-0.0085
-0.007
-0.0075
-0.008
-0.0085
-0.008
-0.0095
-0.01
-0.0105
-0.011
-0.0115
-0.012
-0.0125
-0.013

134,000 135,000 136,000 137,000 138,000 139,000 140,000 141,000 142,000 143,000 144,000 145,000 146,000
Time (sec)

North (m) — East (m) ~ DR mode
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& Project Settings

9 General Information Stabilized Mount to IMU Lever Arm Stabilized Mount to IMU Mounting Angles
& Units % [0.000m | || [0.000 deg |
= View
F3 Rover Import ¥ ID'OOO m I L ID.DOO deg l
i Satellite Selection z [0.000m [z 0.000 deg |
51 GNSS-Inertial Processor = =

L Timi Stabilized Mount to Primary GNSS Lever Aircraft to Stabilized Mount Mounting

|m|r?9 Arm Angles

i~ Algorithme X [0.031m [ ][ |0.000 deg |

- |nitialization

“~iLever Arms and Mounting Angles Y |0.004 m I Y [0.000 deg J
ol z [0611m B2 [0.000 deg |
£ Camera - -

o Standard
D LiDAR Deviation
B2 SAR <3cm 10cm 50cm 1m  10m

Measurements are to the stabilized platform’s center of rotation with the Gimbal in the rest position.
4 il ] »

PDOP

125 \

134,000 135,000 136,000 137,000 138,000 133,000 140,000 141,000 142,000 143,000 144,000 145,000 146,000
Time (sec)

[V — Forward W Reverse
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Processing mode

1
0
-1
134,000 135,000 135,000 137,000 138,000 139,000 140,000 141,000 142,000 143,000 144,000 145,000 146,000
Time (sec)

¥ Rever

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

0.039
0.038
0.037
0.036
0.035
0.034
0.033
0.032

0.031

0.028
0.028
0.027
0.026
0.025
0.024
0.023
0.022

0.021

0.019
0.018
0.017
0.016
0.015
0.014
0.013

. W/v

0.011

0.009

0.008

134,000 135,000 136,000 137,000 138,000 139,000 140,000 141,000 142,000 143,000 144,000 145,000 146,000
Time (sec)

North Position Error RMS (m) — East Position Error RMS (m)
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134,000 135,000 136,000 137,000 138,000 138,000 140,000 141,000 142,000 143,000 144,000 145,000 146,000
Time (sec)

— Number of GPS Satellites — Number of GLONASS Satellites

x accelerometer bias (micro-g)

134,000 135,000 136,000 137,000 138,000 139,000 140,000 141,000 142,000 143,000 144,000 145,000 148,000
Time (sec)
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x accelerometer scale error (ppm)

134,000 135,000 136,000 137,000 138,000 133,000 140,000 141,000 142,000 143,000 144,000 145,000 145,000
Time (sec)

x gyro bias (deg/hr)

-0.01

-0.02

-0.03

-0.04

-0.05

-0.08

-0.07

-0.08

-0.09

-0.11

-0.12

134,000 135,000 136,000 137,000 138,000 138,000 140,000 141,000 142,000 143,000 144,000 145,000 148,000
Time (sec)
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x gyro scale error (ppm)

134,000 135,000 136,000 137,000 138,000 139,000 140,000 141,000 142,000 143,000 144,000 145,000 145,000
Time (sec)

y accelerometer bias (micro-g)

138,000 140,000 141,000 142,000 143,000 144,000 145,000 146,000

134,000 135,000 136,000 137,000 138,000
Time (sec)
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y accelerometer scale error (ppm)

134,000 135,000 136,000 137,000 138,000 133,000 140,000 141,000 142,000 143,000 144,000 145,000 145,000
Time (sec)

vy gyro bias (deg/hr)

134,000 135,000 136,000 137,000 138,000 138,000 140,000 141,000 142,000 143,000 144,000 145,000 148,000
Time (sec)
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y gyro scale error (ppm)

134,000 135,000 136,000 137,000 138,000 133,000 140,000 141,000 142,000 143,000 144,000 145,000 145,000
Time (sec)

z accelerometer bias (micro-g)

134,000 135,000 136,000 137,000 138,000 139,000 140,000 141,000 142,000 143,000 144,000 145,000 148,000
Time (sec)
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z accelerometer scale error (ppm)

136,000 137,000 138,000 139,000 140,000 141,000 142,000 143,000 142,000 145,000

134,000 135,000
Time (sec)

z gyro bias (deg/hr)

146,000

-0.01

-0.02

-0.03

-0.04

-0.05

-0.08

-0.07

-0.08

-0.09

134,000 135,000 136,000 137,000 138,000 138,000 140,000 141,000 142,000 143,000 144,000 145,000

Time (sec)

146,000
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z gyro scale error (ppm)

134,000 135,000 136,000 137,000 138,000 133,000 140,000 141,000 142,000 143,000 144,000 145,000 145,000
Time (sec)

RBV17331B
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Altitude (m)

2,840
2,820
2,800
2,780
2,760
2,740
2,720
2,700
2,680
2,660
2,640
2,620
2,600
2,580
2,560
2,540
2,520
2,500
2,480

2,480

2,440
2,420
2,400
2,380
2,360
2,340

2,320

2,300

152,000 154,000 156,000 158,000 160,000 162,000 164,000 166,000
Time (sec)

Baseline Length (m)

44,000

42,000

40,000

38,000

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

152,000 154,000 188,000 158,000 180,000 162,000 184,000 186,000
Time (sec)

¥ Rever
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€

-0.002
-0.004.
-0.006
-0.008.

-0.012
-0.014
-0.016
-0.018.

-0.022
-0.024
-0.026
-0.028

-0.032 |
-0.034

-0.036
-0.038 “

0.024
0.022
0.02
0.018
0.016
0.014
0.012
0.01
0.008
0.006
0.004
0.002

-0.01

-0.02

LR B

-0.04

-00az ] |
-0.044 | |

152,000 154,000

Project Settings

FPFE

~FBEFEEE

General Information
Units

View

Rover Import

Satellite Selection
GNSS-Inertial Processor
Timing

- Algorithms
“ Initialization

“-iLever Arms and Mounting Angles

Export
Camera
LiDAR
SAR

" »

156,000 158,000 160,000 162,000 164,000
Time (sec)

— North (m) — East (m) — Down (m) = DR mode

Stabilized Mount to IMU Lever Arm Stabilized Mount to IMU Mounting Angles

X [0.000m [l [0.000 deg

Y [0.000m [ s [0.000 deg

z [0.000m [z 0.000 deg

Stabilized Mount to Primary GNSS Lever Aircraft to Stabilized Mount Mounting
Arm Angles

X [0.031m I ([ [0.000 deg

Y [0.004m I & 0.000 deg

z [-0611m [ ||z 0.000 deg

Standard
Deviation
<3cm 10cm 50cm 1m  10m
Measurements are to the stabilized platform’s center of rotation with the Gimbal in the rest position.

166,000

OK

||

Cancel
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PDOP

152,000 154,000 156,000 158,000 160,000 162,000 164,000 166,000
Time (sec)

W Rever

Processing mode

152,000 153,000 154,000 155,000 156,000 157,000 158,000 159,000 160,000 161,000 162,000 163,000 164,000 165,000 166,000
Time (sec)

0 =Fixed N, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8= DR |
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0.035
0.034
0.033
0.032

0.031

0.028
0.028
0.027
0.026
0.025
0.024
0.023
0.022

0.021 y - b \ T e A

0.018
0.018
0.017
0.016
0.015
0.014
0.013
0.012

0.011

152,000 154,000 156,000

158,000 160,000 162,000 164,000
Time (sec)

— North Position Error RMS (m) — East Position Error RMS (m) — Do

166,000

152,000 154,000 156,000

158,000 160,000 162,000 164,000
Time (sec)

— Mumber of GFS Satellites — Number of GLONASS Satellites

166,000
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x accelerometer bias (micro-g)

152,000 154,000 156,000 158,000 160,000 162,000 164,000 166,000
Time (sec)

x accelerometer scale error (ppm)

152,000 154,000 156,000 158,000 160,000 162,000 164,000 166,000
Time (sec)
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x gyro bias (deg/hr)

0.1
0.005

0.085

152,000 154,000 156,000 158,000 160,000 162,000 164,000 166,000
Time (sec)

x gyro scale error (ppm)

-100

-105

-110

-115

-120

-125

-130

-135

-140

-145

-150

-155

-160

-165

-170

-175

-180

-185

-190

-195

-200

152,000 154,000 156,000 158,000 160,000 162,000 164,000 166,000
Time (sec)
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y accelerometer bias (micro-g)

-100

-110

-120

-130

-140

-150

152,000 154,000 156,000 158,000 160,000 162,000 164,000 166,000
Time (sec)

y accelerometer scale error (ppm)

152,000 154,000 156,000 158,000 160,000 162,000 164,000 166,000
Time (sec)
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vy gyro bias (deg/hr)

152,000 154,000 156,000 158,000 160,000 162,000 164,000 166,000
Time (sec)

y gyro scale error (ppm)

152,000 154,000 156,000 158,000 160,000 162,000 164,000 166,000
Time (sec)
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z accelerometer bias (micro-g)

-100

-110

-120

-130

152,000 154,000 156,000 158,000 160,000 162,000 164,000 166,000
Time (sec)

z accelerometer scale error (ppm)

-70
-80 \
90 \\

-100
-110 \
-120

\
\

-140

-150

-160

-170

BELE B

-190

152,000 154,000 156,000 158,000 160,000 162,000 164,000 166,000
Time (sec)
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z gyro bias (deg/hr)

152,000 154,000 156,000 158,000 160,000 162,000 164,000 166,000
Time (sec)

z gyro scale error (ppm)

152,000 154,000 156,000 158,000 160,000 162,000 164,000 166,000
Time (sec)

RBV17332A
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Altitude (m)

2,840
2,820
2,800
2,780
2,760
2,740
2,720
2,700
2,680
2,660
2,640
2,620
2,600
2,580
2,560
2,540
2,520
2,500
2,480
2,450
2,440
2,420
2,400
2,380
2,360
2,340
2,320
2,300
2,280
2,260
2,240
2,220
2,200
2,180
2,160
2,140
2,120
2,100
2,080
2,060

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

Baseline Length (m)

34,000
33,000
32,000
31,000
30,000
25,000
28,000
27,000
26,000
25,000
24,000
23,000
22,000
21,000
20,000
15,000
18,000
17,000
16,000
15,000
14,000
13,000
12,000
11,000
10,000

9,000

8000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

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

¥ Rever
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0.014
0.013
0.012
0.011

0.01
0.008
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001

-0.001
-0.002
-0.003
-0.004
-0.005
-0.006
-0.007
-0.008.
-0.009
-0.01
-0.011
-0.012
-0.013
-0.014 ‘
-0.015

-o016 ]|
-0.017
-0.018.
-0.01%

-0.02 ‘
-0.021
I

-0.022
-0.023
-0.024
-0.025
-0.026
-0.027
-0.028

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

— North (m) — East (m) — Down (m) = DR mode

' Project Settings

&

General Information Stabilized Mount to IMU Lever Arm Stabilized Mount to IMU Mounting Angles

Uit X [0.000m [ ] 0.000 deg |
View

Rover Import Y IO'ODO m I Y ID.OOO deg ]

Satellite Selection z 0.000m 18 ) 2 |0.000 deg |
GNSS-Inertial Processor
- Timing

v Hlgorime X [0.031m | [ X [0.000 deg |
- Initialization
~{lever Arms and Mounting Angles 1 Y 0.004m | Y |0.000 deg |
Export

FPPCPE

Stabilized Mount to Primary GNSS Lever Aircraft to Stabilized Mount Mounting
Arm Angles

z [0611m ) (0.000 deg |
Standard

Deviation

SAR <3cm 10cm 50cm 1m 10m

Measurements are to the stabilized platform’s center of rotation with the Gimbal in the rest position.

FOPE

[ ok ]| cancel
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PDOP

1.98
1.96
1.94
1.92

1.9
1.88
1.86
1.84
1.82

1.8
1.78
1.76
1.74
1.72

1.7
1.68
1.66
1.64
1.62

1.6
1.58
1.56
1.54
1.52

1.5
1.48
1.46
144
1.42

1.38
1.36
1.34
1.32

1.28
1.26
1.24
1.22

1.2
1.18

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

W Rever

Processing mode

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

0 =Fixed N, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8= DR |
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0.039
0.038
0.037
0.036
0.035
0.034
0.033
0.032

0.031

0.028
0.028
0.027
0.026
0.025
0.024
0.023
0.022

0.021

0.019 ¥ 1/
0.018
0.017
0.016
0.015
0.014
0.013

0.012

0.011

0.008

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

— North Position Error RMS (m) — East Position Error RMS (m) — Do

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

— Mumber of GFS Satellites — Number of GLONASS Satellites
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x accelerometer bias (micro-g)

-100

-110

-120

-130

-140

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

x accelerometer scale error (ppm)

218,000 220,000 222,000 224,000 226,000 228,000 230,000
Time (sec)
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x gyro bias (deg/hr)

0.125

0.115

0.11

0.405

0.005

0.085

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

x gyro scale error (ppm)

218,000 220,000 222,000 224,000 226,000 228,000 230,000
Time (sec)
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y accelerometer bias (micro-g)

-100

-110

-120

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

y accelerometer scale error (ppm)

218,000 220,000 222,000 224,000 226,000 228,000 230,000
Time (sec)
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vy gyro bias (deg/hr)

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

y gyro scale error (ppm)

218,000 220,000 222,000 224,000 226,000 228,000 230,000
Time (sec)
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z accelerometer bias (micro-g)

-100

-110

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

z accelerometer scale error (ppm)

218,000 220,000 222,000 224,000 226,000 228,000 230,000
Time (sec)
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z gyro bias (deg/hr)

0.19
0.18
0.17
0.16
0.15
0.14
0.13
0.12
0.11

0.1
0.08
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

-0.01
-0.02
-0.03
-0.04
-0.05
-0.08
-0.07
-0.08
-0.09

01
-0.41
-0.12
-0.13
-0.14
-0.15

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

z gyro scale error (ppm)

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

RBV17332B
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Altitude (m)

2,720
2,700
2,680
2,660
2,640
2,620
2,600
2,580
2,560
2,540
2,520
2,500
2,480
2,450
2,440
2,420
2,400
2,380
2,360
2,340
2,320
2,300
2,280
2,260
2,240
2,220
2,200
2,180
2,160
2,140
2,120
2,100
2,080
2,060
2,040
2,020
2,000
1,880
1,960
1,840
1,820

235,000 240,000 241,000 242,000 243,000 242,000 245,000 246,000 247,000 248,000 245,000 250,000 251,000 252,000
Time (sec)

Baseline Length (m)

38,000
38,000
37,000
36,000
35,000
34,000
33,000
32,000
31,000
30,000
29,000
28,000
27,000
26,000
25,000
24,000
23,000
22,000
21,000
20,000
15,000
18,000
17,000
16,000
15,000
14,000
13,000
12,000
11,000
10,000

9,000

8,000

7,000

6,000

239,000 240,000 241,000 242,000 243,000 244,000 245,000 245,000 247,000 248,000 249,000 250,000 251,000 252,000
Time (sec)

¥ Rever
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0.018

0.017

0.016

0.015

0.014

0.013

0.012

0.011

0.01

0.009

0.008

0.007

0.006

0.005

0.004

0.003

0.002

0.001

) [y, |
T LT
ru:ous Il
239,000 240,000 241,000 242,000 243,000 244,000 245,000T . )245,000 247,000 248,000 243,000 250,000 251,000 252,000
— MNorth (m) — East (m) — Down (m) - DR mode

" Project Settings
9 General Information Stabilized Mount to IMU Lever Arm Stabilized Mount to IMU Mounting Angles
5 Units X [0.000m I 2 [0.000 deg |
B2 View
B Rovs kit Y [0.000m I s [0.000 deg |
£ Satellite Selection z [0.000m | 112 |0.000 deg |
%) GNSS-Inertial Processor = . . = =

- Timi Stabilized Mount to Primary GNSS Lever Aircraft to Stabilized Mount Mounting

- itming Arm Angles

- Algorithms X [0.031m [ ]| |0.000 deg |

- Initialization

~{lever Arms and Mounting Angles | Y [0.004m I [0.000 deg |
2 Export

z 0611m z 0.000
9 Camera ! ] I deg |
: Standard
88 LiDAR Deviation
B SAR <3cm 10cm 50cm 1m  10m
Measurements are to the stabilized platform's center of rotation with the Gimbal in the rest position.
< 1 | »

[ ok | Cancel
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PDOP

239,000 240,000 241,000 242,000 243,000 244,000 245,000 246,000 247,000 248,000 249,000 250,000 251,000 252,000
Time (sec)

W Rever

Processing mode

239,000 240,000 241,000 242,000 243,000 244,000 245,000 246,000 247,000 248,000 249,000 250,000 251,000 252,000
Time (sec)

0 =Fixed N, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8= DR |
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0.04
0.038
0.038
0.037
0.036
0.035
0.034
0.033
0.032
0.031

0.03
0.028
0.028
0.027
0.026
0.025
0.024
0.023
0.022
0.021

0.02
0.018
0.018
0.017
0.016
0.015
0.014
0.013
0.012
0.011

0.01
0.009
0.008
0.007

239,000 240,000 241,000 242,000 243,000 244,000 245,000 245,000 247,000 248,000 248,000 250,000 251,000 252,000
Time (sec)

— North Position Error RMS (m) — East Position Error RMS (m) — Do

4
3.8 1
3.6
3.4
3.2
3

239,000 240,000 241,000 242,000 243,000 244,000 245,000 246,000 247,000 248,000 243,000 250,000 251,000 252,000
Time (sec)

— Mumber of GFS Satellites — Number of GLONASS Satellites
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x accelerometer bias (micro-g)

105
100

233,000 240,000 241,000 242,000 243,000 244,000 245,000 246,000 247,000 248,000 243,000 250,000 251,000 252,000
Time (sec)

x accelerometer scale error (ppm)

238,000 240,000 241,000 242,000 243,000 244,000 245,000 245,000 247,000 248,000 248,000 250,000 251,000 252,000
Time (sec)
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x gyro bias (deg/hr)

0.105

0.095
0.09
0.085
0.08
0.075
0.07
0.085
0.06
0.055
0.05
0.045
0.04
0.035

0.025

233,000 240,000 241,000 242,000 243,000 244,000 245,000 245,000 247,000 248,000 243,000 250,000 251,000 252,000
Time (sec)

x gyro scale error (ppm)

-100

-105

-110

-115

-120

-125

-130

-135

-140

-145

-150

-155

-160

-165

-170

-175

-180

-185

-190

-195

-200

238,000 240,000 241,000 242,000 243,000 244,000 245,000 245,000 247,000 243,000 248,000 250,000 251,000 252,000
Time (sec)
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y accelerometer bias (micro-g)

-100

-110

-120

-130

-140

-150

-160

233,000 240,000 241,000 242,000 243,000 244,000 245,000 246,000 247,000 248,000 243,000 250,000 251,000 252,000
ime (sec)

y accelerometer scale error (ppm)

238,000 240,000 241,000 242,000 243,000 244,000 245,000 245,000 247,000 248,000 248,000 250,000 251,000 252,000
Time (sec)
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vy gyro bias (deg/hr)

233,000 240,000 241,000 242,000 243,000 244,000 245,000 245,000 247,000 248,000 243,000 250,000 251,000 252,000
Time (sec)

y gyro scale error (ppm)

235,000 240,000 241,000 242,000 243,000 244,000 245,000 245,000 247,000 248,000 248,000 250,000 251,000 252,000
Time (sec)
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z accelerometer bias (micro-g)

-100

-110

-120

-130

233,000 240,000 241,000 242,000 243,000 244,000 245,000 246,000 247,000 248,000 243,000 250,000 251,000 252,000
ime (sec)

z accelerometer scale error (ppm)

T \ \ \
- e \“\fﬂ\ﬂ/ﬁ \/\/ A*’—w«/

238,000 240,000 241,000 242,000 243,000 244,000 245,000 245,000 247,000 243,000 248,000 250,000 251,000 252,000
Time (sec)
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z gyro bias (deg/hr)

-0.01

-0.02

-0.03

-0.04

-0.05

-0.08

-0.07

-0.08

-0.09

-0.41

233,000 240,000 241,000 242,000 243,000 244,000 245,000 245,000 247,000 248,000 243,000 250,000 251,000 252,000
Time (sec)

z gyro scale error (ppm)

238,000 240,000 241,000 242,000 243,000 244,000 245,000 245,000 247,000 248,000 248,000 250,000 251,000 252,000
Time (sec)

RBV17333A
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Altitude (m)

2,600

2,500

2,400

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

304,000 306,000 308,000 310,000 312,000 314,000 316,000 318,000 320,000
Time (sec)

Baseline Length (m)

42,000
41,000
40,000
39,000
38,000
37,000
36,000
35,000
34,000
33,000
32,000
31,000
30,000
29,000
28,000
27,000
26,000
25,000
24,000
23,000
22,000
21,000
20,000
19,000
18,000
17,000
16,000
15,000
14,000
13,000
12,000
11,000
10,000

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

305,000 308,000 310,000 312,000 314,000 316,000 318,000
Time (sec)
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20000m

Smar#eReig

0.024
0.022

0.02
0.018
0.016
0.014
0.012

0.01
0.008
0.008
0.004
0.002

o] ppe—
-0.002
-0.004 J
-0.006
-0.008 I
-0.01
-0.012
-0.014
-0.016
-0.018
-0.02
-0.022
-0.024
-0.026
-0.028
-0.03
-0.032
-0.034
-0.036
-0.038
-0.04

A

A
b g

P A/

.
ol
Y

{//

308,000 308,000

310,000

312,000
Time (sec)

North (m)

East (m)

- DR mode

314,000

316,000

318,000
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PDOP

306,000 308,000 310,000 312,000 314,000 516,000 518,000
Time (sec)

0.029
0.0285
0.028
0.0275
0.027
0.0265
0.026
0.0255
0.025
0.0245
0.024
0.0235
0.023
0.0225
0.022
0.0215
0.021
0.0205

0.0185 { it - f f \
0.018 \ &

0.0185 \
0.018 J ! | { \ |
0.0175 i i 1 {

0.017 | \

0.0165 [ C e f
0.016 ! - |
0.0155
o015 |-
0.0145 il
0.014 !
0.0135
0.013
0.0125
0.012
0.0115
0011
0.0105

0.0085
0.008
0.0085
0.008
0.0075

306,000 308,000 310,000 312,000 314,000 316,000 318,000
Time (see)

— North Position Error RMS (m) — East Fosition Error RMS (m) — D
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10

306,000

308,000 310,000 312,000 314,000 316,000
Time (sec)

— Number of GPS Satellites — Number of GLONASS Satellites

x accelerometer bias (micro-g)

318,000

308,000

308,000 310,000 312,000 314,000 316,000
Time (sec)

318,000




Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 249 of 592

x accelerometer scale error (ppm)

306,000 308,000 310,000 312,000 314,000 316,000 318,000
Time (sec)

x gyro bias (deg/hr)

306,000 308,000 310,000 312,000 314,000 316,000 318,000
Time (sec)
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x gyro scale error (ppm)

306,000 308,000 310,000 312,000 314,000 316,000 318,000
Time (sec)

y accelerometer bias (micro-g)

305,000 308,000 310,000 312,000 314,000 316,000 318,000
Time (sec)
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y accelerometer scale error (ppm)

306,000 308,000 310,000 312,000 314,000 316,000 318,000
Time (sec)

vy gyro bias (deg/hr)

0.1
0.095
0.09
0.085
0.08
0.075
0.07
0.085
0.06
0.055
0.05
0.045

0.035

306,000 308,000 310,000 312,000 314,000 316,000 318,000
Time (sec)
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y gyro scale error (ppm)

306,000 308,000 310,000 312,000 314,000 316,000 318,000
Time (sec)

z accelerometer bias (micro-g)

305,000 308,000 310,000 312,000 314,000 316,000 318,000
Time (sec)
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z accelerometer scale error (ppm)

;;g NS e

306,000 308,000 310,000 312,000 314,000 516,000 518,000
Time (sec)

z gyro bias (deg/hr)

0.23

305,000 308,000 310,000 312,000 314,000 316,000 318,000
Time (sec)
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z gyro scale error (ppm)

306,000 308,000 310,000 312,000 314,000 316,000 318,000
Time (sec)
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Altitude (m)

2,450
2,400
2,350
2,300
2,250
2,200
2,150
2,100
2,050
2,000
1,850
1,500
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
950
500
850
800
750
700
650
600
550
500
as0
400
350
200

R ke e il

340,000

250

328,000 330,000 332,000 334,000 336,000 338,000
Time (sec)

Baseline Length (m)

44,000
43,000
42,000
41,000
40,000
39,000
38,000
37,000
36,000
35,000 ‘\

34,000
33,000
32,000

31,000
30,000
29,000
28,000
27,000
26,000
25,000
24,000
23,000
22,000
21,000
20,000
19,000
18,000
17,000
16,000
15,000
14,000
13,000
12,000
11,000
10,000
5,000
8,000
7,000
6,000
5,000
4,000
3,000

337,000

338,000

339,000

2,000

327,000

328,000 328,000 330,000 331,000 332,000 333,000 334,000 335,000 336,000
Time (sec)
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nand

FAAILE

SmaitBase Region

0.02
0.018
0.016
0.014
0.012
0.01
0.008 1
0.006 | i A
0.004 ' |
0.002

A
o| fpsoermmtre———— | > ,‘V\f‘ | —

-0.002
-0004] |

-0.008 ‘l
-0.008 [

-0.01 ‘ ‘ l
-0.012
-0.014

-0.016

-0.018

-0.02
-0.022
-0.024
-0.028
-0.028

-0.03
-0.032
-0.034
-0.038
-0.038

-0.04
-0.042
-0.044
-0.045

327,000 328,000 329,000 330,000 331,000 332,000 333,000 334,000 335,000 336,000 337,000 338,000 339,000
Time (sec)

North (m) — East (m) ~ DR mode




Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 257 of 592

* Project Settings

£ General Information Stabilized Mount to IMU Lever Arm Stabilized Mount to IMU Mounting Angles
F5 Units X [0.000m MIEE: 0.000 deg |
9 View
B Flovedimpot Y. [0.000m IR 0.000 deg |
7 Satelite Selection z [0.000m [z |0.000 deg |
I GNSS-Inertial Processor . )

Tiri Stabilized Mount to Primary GNSS Lever Aircraft to Stabilized Mount Mounting

ining Aim Angles

Algoithms X |-0.031 m IR 0,000 deg |

Initialization

iLever Arms and Mounting Angles Y |0.004 m l Y IU.UUU deg [
W Z (081 ||z (0,000 d ]

Y -0.611Tm . e
7 Camera :
. Standard
4 LDAR Deviation
7 SAR <3cm 10cm 50cm  1m  10m
Measurements are to the stabilized platform's center of rotation with the Gimbal in the rest position.
4 T »
| Cancel
PDOP
1:55

1.64
1.62

1.6
1.58

1.56

1.54

1.52
15
1.48
1.46
144
142
1.4
1.38 \

1.36

1.34

1.32

13
1.28
1.26
1.24
1.22

1.2
1.18
1.16

114

327,000 328,000 329,000 330,000 331,000 332,000 333,000 334,000 335,000 336,000 337,000 338,000 339,000
Time (sec)
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Processing mode

1
a
-1
328,000 330,000 332,000 334,000 336,000 338,000
Time (sec)

0 = Fixed ML, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR

0.0275
0.027
0.0265
0.026
0.0255
0.025
0.0245
0.024
0.0235
0.023
0.0225
0.022
0.0215 N
0.021 - L |
0.0205
0.02
00185
0.018
0.0185
0.018
0.0175
0.017
0.0165
0.016
0.0155
0.015 4
0.0145 ! f t |
0.014 \ { f
0.0135
0.013
0.0125
0.012
00115
0011
0.0105
0.0t
0.0085
0.008
0.0085
0.008
0.0075
0.007

327,000 328,000 329,000 330,000 331,000 332,000 333,000 334,000 335,000 336,000 337,000 338,000 339,000
Time (sec)

— North Position Error RMS {m) — East Fosition Error RMS (m) — Down Fosition Error RMS (ir
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10

| L HH

327,000 328,000 328,000 330,000

331,000

333,000 335,000 336,000 337,000 338,000

Time (sec)

332,000 334,000

— Number of GPS Satellites — Number of GLONASS Satellites

x accelerometer bias (micro-g)

338,000

327,000 328,000 328,000 330,000

335,000 336,000 337,000 338,000

332,000 333,000

Time (sec)

331,000 334,000

339,000
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x accelerometer scale error (ppm)

327,000 328,000 329,000 330,000 331,000 332,000 333,000 334,000 335,000 336,000 337,000 338,000 339,000
Time (sec)

x gyro bias (deg/hr)

0.105

0.095
0.08
0.085
0.08
0.075
0.07
0.085
0.06
0.055
0.05
0.045

0.035

327,000 328,000 328,000 330,000 331,000 332,000 333,000 334,000 335,000 336,000 337,000 338,000 335,000
Time (sec)
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x gyro scale error (ppm)

327,000 328,000 329,000 330,000 331,000 332,000 333,000 334,000 335,000 336,000 337,000 338,000 339,000
Time (sec)

y accelerometer bias (micro-g)

327,000 328,000 329,000 330,000 331,000 332,000 333,000 334,000 335,000 336,000 337,000 338,000 33,000
Time (sec)
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y accelerometer scale error (ppm)

327,000 328,000 329,000 330,000 331,000 332,000 333,000 334,000 335,000 336,000 337,000 338,000 339,000
Time (sec)

vy gyro bias (deg/hr)

0.11
0.105

0.085
0.08
0.085
0.08
0.075
0.07
0.085

0.055

0.035

327,000 328,000 328,000 330,000 331,000 332,000 333,000 334,000 335,000 336,000 337,000 338,000 335,000
Time (sec)
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y gyro scale error (ppm)

327,000 328,000 329,000 330,000 331,000 332,000 333,000 334,000 335,000 336,000 337,000 338,000 339,000
Time (sec)

z accelerometer bias (micro-g)

-100

-110

-120

327,000 328,000 329,000 330,000 331,000 332,000 333,000 334,000 335,000 336,000 337,000 338,000 33,000
Time (sec)
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z accelerometer scale error (ppm)

\=aY $ / \WN e

0.055

327,000 328,000 329,000 330,000 331,000 332,000 333,000 334,000 335,000 336,000 337,000 338,000 333,000
Time (sec)
z gyro bias (deg/hr)
327,000 328,000 328,000 330,000 331,000 332,000 333,000 334,000 335,000 336,000 337,000 338,000 335,000

Time (sec)
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z gyro scale error (ppm)

327,000 328,000 329,000 330,000 331,000 332,000 333,000 334,000 335,000 336,000 337,000 338,000 339,000
Time (sec)

RBV17334A
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Altitude (m)

2,600

2,500

2,400

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

350,000 392,000 354,000 396,000 398,000 400,000 402,000 404,000 406,000
Time (sec)

Baseline Length (m)

46,000
44,000
42,000
40,000
38,000
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

8000

6,000

4,000

2,000

390,000 392,000 394,000 395,000 398,000 400,000 402,000 404,000 408,000
Time (sec)

¥ Rever
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20000m

SmarigesRein,

0.038
0.034
0.032

0.03
0.028
0.026
0.024
0.022

0.02
0.018
0.016
0.014
0.012

0.01
0.008
0.006
0.004
0.002

frwy

-0.002
-0.004
-0.006

-0.008

-0.01
-0.012
-0.014
-0.016
-0.018

-0.02
-0.022
-0.024
-0.028
-0.028

-0.03
-0.032
-0.034
-0.036

-0.038

350,000 382,000 384,000

386,000

388,000
Time (sec)

400,000

North (m)

East (m)

- DR mode

402,000

404,000

408,000
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' Project Settings

1 General Information Stabilized Mount to IMU Lever Arm Stabilized Mount to IMU Mounting Angles
i Units X [0.000m | || [0.000 deg |
= View
B o it Y [0.000m [0y (0.000 deg |
Satellite Selection z [0.000m 1l 2 0.000 deg |
GNSS-Inertial Processor

Timi Stabilized Mount to Primary GNSS Lever Aircraft to Stabilized Mount Mounting

{aamng Arm Angles

-~ Algorithms X [0.031m [ 1% 0.000 deg |

- Initialization

~{Lever Arms and Mounting Angles 3 Y [0.004m [y 0.000 deg |
W oo z [0611m [ |2 [0.000 deg |
9 Camera : :
B3 LiDAR o,
2 SAR <3cm 10cm 50cm 1m  10m

Measurements are to the stabilized platform’s center of rotation with the Gimbal in the rest position.
< | i |
[ ok | Cancel
PDOP
oo —

390,000 392,000

394,000 396,000

[ — Forward ¥ Reverse

398,000
Time (sec)

400,000 402,000

404,000

406,000
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Processing mode

1
0
-1
350,000 392,000 384,000 396,000 388,000 400,000 402,000 404,000 405,000
Time (sec)

¥ Rever

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

0.034

0.033

0.032

0.031

0.029

0.028

0.027

0.026

0.025

0.024

0.023

0.022

0.021

0.016

0.015

0.014

0.013

0.012

0.011

0.009
0.008

0.007

390,000 392,000 394,000 396,000 398,000 400,000 402,000 404,000 406,000
Time (see)

— North Position Error RMS {m) — East Position Error RMS (m)
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350,000 392,000 394,000 396,000 398,000 400,000 402,000 404,000 408,000
Time (sec)

— Number of GPS Satellites — Number of GLONASS Satellites

x accelerometer bias (micro-g)

350,000 392,000 384,000 386,000 398,000 400,000 402,000 404,000 406,000
Time (sec)
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x accelerometer scale error (ppm)

390,000 392,000 394,000 396,000 398,000 400,000 402,000 404,000 406,000
Time (sec)

x gyro bias (deg/hr)

350,000 382,000 384,000 396,000 388,000 400,000 402,000 404,000 406,000
Time (sec)
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x gyro scale error (ppm)

390,000 392,000 394,000 396,000 398,000 400,000 402,000 404,000 406,000
Time (sec)
y accelerometer bias (micro-g)
\\
\/\
380,000 382,000 384,000 395,000 398,000 400,000 402,000 404,000 405,000

Time (sec)
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y accelerometer scale error (ppm)

390,000 392,000 394,000 396,000 398,000 400,000 402,000 404,000 406,000
Time (sec)

vy gyro bias (deg/hr)

350,000 382,000 384,000 396,000 388,000 400,000 402,000 404,000 406,000
Time (sec)
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y gyro scale error (ppm)

390,000 392,000 394,000 396,000 398,000 400,000 402,000 404,000 406,000
Time (sec)

z accelerometer bias (micro-g)

40 Mf/\‘\ \‘_/\\ J/\/\

. V\’V‘\ /\\\/\j\/
\\ /\/»/ \‘\/ G \/

-100

-110

350,000 392,000 384,000 386,000 398,000 400,000 402,000 404,000 406,000
Time (sec)
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z accelerometer scale error (ppm)

: PIAIA

390,000 392,000 354,000 396,000 398,000 400,000 402,000 404,000 406,000
Time (sec)

z gyro bias (deg/hr)

330,000 392,000 384,000 395,000 388,000 400,000 402,000 404,000 406,000
Time (sec)
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z gyro scale error (ppm)

390,000 392,000 394,000 396,000 398,000 400,000 402,000 404,000 406,000
Time (sec)

RBV17334B
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Altitude (m)

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

200

412,000 414,000 416,000 418,000 420,000 422,000 424,000
Time (sec)

Baseline Length (m)

36,000
35,000
34,000
33,000
32,000
31,000
30,000
25,000
28,000
27,000
26,000
25,000
24,000
23,000
22,000
21,000
20,000
19,000
18,000
17,000
16,000
15,000
14,000
13,000
12,000
11,000
10,000

5,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

411,000 412,000 413,000 414,000 415,000 415,000 417,000 418,000 419,000 420,000 421,000 422,000 423,000 424,000
Time (sec)

¥ Rever
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i/ Project Settings

9 General Information
3 Units
B2 View
3 Rover Import
7 Satellite Selection
£ GNSS-Inertial Processor
- Timing
- Algorithms
Initialization

“-iLever Arms and Mounting Angles

3 Export
I Camera
3 LiDAR
B2 SAR

4 Ll »

Stabilized Mount to IMU Lever Arm

X [0.000m |
Y [0.000m |
z [0.000m |

JS\:abilized Mount to Primary GNSS Lever
m

X [0.031m |
Y (0.004m |
z [0611m |
Standard

Peviation v

<3cm 10cm 50cm 1m
Measurements are to the stabilized platform’s center of rotation with the Gimbal in the rest position.

10m

PDOP

Stabilized Mount to IMU Mounting Angles

X 0.000 deg

Y |0.000 deg

z 0.000 deg

Aircraft to Stabilized Mount Mounting
Angles

X [0.000 deg

Y (0.000 deg

z 0.000 deg

OK

Cancel

412,000

414,000 416,000

¥ — Forward ¥

418,000
Time (sec)

Reverse

420,000 422,000

424,000
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Processing mode

1
0
-1
412,000 414,000 416,000 418,000 420,000 422,000 424,000
Time (sec)

¥ Rever

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

0.037
0.036
0.035
0.034
0.033
0.032

0.031

0.029
0.028
0.027
0.026
0.025
0.024
0.023

0.022 f

0.019
0.018
0.017
0.016
0.015
0.014
0.013
0.012

0.011

0.009
0.008

0.007

412,000 414,000 416,000 418,000 420,000 422,000 424,000
Time (sec)

— North Position Error RMS {m) — East Position Error RMS (m)
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6
5.3

56 H

5.4 5
5.2 i

412,000 414,000 416,000 418,000 420,000 422,000 424,000
Time (sec)

— Number of GPS Satellites — Number of GLONASS Satellites

x accelerometer bias (micro-g)

412,000 414,000 416,000 418,000 420,000 422,000 424,000
Time (sec)
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x accelerometer scale error (ppm)

412,000 414,000 416,000 418,000 420,000 422,000 424,000
Time (sec)

x gyro bias (deg/hr)

412,000 414,000 415,000 418,000 420,000 422,000 424,000
Time (sec)
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x gyro scale error (ppm)

412,000 414,000 416,000 418,000 420,000 422,000 424,000
Time (sec)

y accelerometer bias (micro-g)

412,000 414,000 416,000 418,000 420,000 422,000 424,000
Time (sec)
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BmaiBase Region
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" Project Settings

£ General Information Stabilized Mount to IMU Lever Arm Stabilized Mount to IMU Mounting Angles
Units X [0.000m [ 2 [0.000 deg |
B2 View
P — Y [0.000m [ |0.000 deg |
£ Satellite Selection z [0.000m I 0.000 deg |
) GNSS-Inertial Processor
Timi Stabilized Mount to Primary GNSS Lever Aircraft to Stabilized Mount Mounting
imng Arm Angles
Algorithms X [0.031m [ ] [% |0.000 deg |
Initialization
iLever Arms and Mounting Angles Y |0.004 m I Y l0.000 deg I
E3 Export
; z [0611m |2 |0.000 deg |
1 Camera
£3 LiDAR S 9
B2 SAR <3cm 10cm 50cm 1m  10m
Measurements are to the stabilized platform’s center of rotation with the Gimbal in the rest position.
< [l | >

[ ok ]| cancel |

PDOP

480,000 482,000 484,000 486,000 488,000 450,000 452,000 454,000 436,000
Time (sec)

[V — Forward W Reverse
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Processing mode

1
0
-1
480,000 482,000 484,000 486,000 488,000 430,000 492,000 434,000 495,000
Time (sec)

¥ Rever

0 = Fixed NL, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR |
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x accelerometer scale error (ppm)
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y accelerometer scale error (ppm)
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y gyro scale error (ppm)
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z accelerometer scale error (ppm)
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z gyro scale error (ppm)
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. Project Settings

1 General Information Stabilized Mount to IMU Lever Arm Stabilized Mount to IMU Mounting Angles
i Units X [0.000m | [ % [0.000 deg |
= View
B Rt Y [0.000m 1 0.000 deg |
£ Satellite Selection z [0.000m 1l |62 0.000 deg |
I GNSS-Inertial Processor - . : =
- Timi Stabilized Mount to Primary GNSS Lever Aircraft to Stabilized Mount Mounting
g Arm Angles
- Algorithms X [0.031m Il |0.000 deg |
- Initialization
~ever Arms and Mounting Angies § Y [0.004m | 1 ¥ 0.000 deg |
3 Export
. z [-0611m [z [0.000 deg |
51 Camera
B9 LiDAR Sbuid B
= SAR <3cm 10cm 50cm 1m  10m
Measurements are to the stabilized platform’s center of rotation with the Gimbal in the rest position.
< [l »
OK || Cancel
PDOP
i
o
e

501,000 502,000

503,000

504,000 505,000 506,000

¥ — Forward ¥

507,000
Time (sec)

Reverse
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Processing mode
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Time (sec)

¥ Rever

0 = Fixed NL, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR |
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x accelerometer scale error (ppm)
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x gyro scale error (ppm)
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y accelerometer scale error (ppm)
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y gyro scale error (ppm)
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z accelerometer scale error (ppm)
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z gyro scale error (ppm)
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Altitude (m)
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Baseline Length (m)
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-0.008

-0.01

-0.012

-0.014
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' Project Settings

71 General Information
Units
View

b

Rover Import

FEW

71 Satelite Selection

F

GNSS-Inertial Processor

Timing

Algorithms

Initialization

“~iLever &ms and Mounting Angles
I Export

51 Camera

I LiDAR

1 SAR

4 T >

566,000

567,000

568,000

Time (sec)

— Morth {m) — East(m)

7 (m) == DR mode

Stabilized Mount to IMU Lever Arm

<3cm 10cm 50cm  1m

Measurements are to the stabilized platform's center of rotation with the Gimbal in the rest position.

X [0.000m |
Y [0.000m |
z [0.000m |
Stabilized Mount to Primary GNSS Lever
Arm

X [-0.031m |
Y [0.004 m |
z [-0611m |
Standard

Deviation

10m

Stabilized Mount to IMU Mounting Angles

569,000

X 0.000 deg
2 0.000 deg
z 0.000 deg

Aircraft to Stabilized Mount Mounting
Angles

X 0,000 deg
% 0,000 deg
z 0,000 deg

|

Cancel
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PDOP
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Processing mode
1
i
-1
565,000 566,000 567,000 568,000 569,000
Time (sec)

0 = Fixed ML, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR
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x accelerometer bias (micro-g)
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x accelerometer scale error (ppm)
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x gyro bias (deg/hr)
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x gyro scale error (ppm)
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y accelerometer bias (micro-g)
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y accelerometer scale error (ppm)
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y gyro scale error (ppm)
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z accelerometer bias (micro-g)
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z accelerometer scale error (ppm)

40
20

-20

-40

-60

-80
-100
-120
-140
-160
-180
-200
-220
-240
-260
-280
-300
-320
-340

-360

565,000 566,000 567,000 568,000 565,000
Time (sec)
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z gyro bias (deg/hr)

565,000 566,000 567,000 568,000 565,000
Time (sec)
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z gyro scale error (ppm)

175

165

160

155

150

145

135

130

120

115

105

100

£

S0

565,000 566,000 567,000 568,000 569,000
Time (sec)
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Altitude (m)

2,000
1,830
1,880
1,870
1,960
1,850
1,840
1,830
1,520
1,810
1,800
1,890
1,880
1,870
1,860
1,850
1,840
1,830
1,820
1,810
1,800
1,790
1,780
1,770
1,760
1,750
1,740
1,730
1,720
1,710
1,700
1,690
1,680

1,670

47,500 48,000 48,500 48,000 48,500 000 50,500 51,000 51,500 52,000 52,500

50,
Time (sec)

Baseline Length (m)

25,000
28,000
27,000
26,000
25,000
24,000
23,000
22,000
21,000
20,000
19,000
18,000
17,000
16,000
15,000
14,000
13,000
12,000
11,000
10,000

9,000

8000

7,000

6,000

5,000

4,000

3,000

2,000

47,500 48,000 48,500 49,000 49,500 00 50,500 51,000 51,500 52,000 52,500

50,0
Time (sec)

¥ Rever
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0.007 ‘
0.006
0.005
0.004 ‘
0.003
0.002
0.001 ‘\‘ ﬂ‘

R S | — — e — —
-0.001 “ { ll Il

-0.002 \ !

-0.003

-0.004

-0.005 |
-0.006
-0.007
-0.008

-0.00%

-0.01
-0.011
-0.012
-0.013
-0.014
-0.015
-0.016
-0.017
-0.018
-0.019

-0.02

47,500 48,000 48,500 49,000 49,500 50,000 50,500 51,000 51,500 52,000 52,500
Time (sec)

North (m) — East (m) ~ DR mode
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{0 Project Settings

I General Information
3 Units
B2 View
2 Rover Import
[ Satellite Selection
) GNSS-Inertial Processor
- Timing
Algorithms
Initialization

“iLever Arms and Mounting Angles

3 Export
5 Camera
3 LiDAR
2 SAR

4 e »

Stabilized Mount to IMU Lever Arm

Stabilized Mount to IMU Mounting Angles

X [0.000m [ [0.000 deg

Y 0.000m [ | |0.000 deg

z [0.000m [z [0.000 deg
Stabilized Mount to Primary GNSS Lever Aircraft to Stabilized Mount Mounting
Arm Angles

X [-0.031m [l ] |0.000 deg

Y [0.004m [l 0.000 deg

z [0611m [l ]z 0.000 deg

Standard [

Deviation

<3cm 10cm 50cm 1m

Measurements are to the stabilized platform’s center of rotation with the Gimbal in the rest position.

10m

oK

| | Cance

PDOP

47,500 48,000

48,500 49,000 49,500

Time

¥ — Forward [

00 50,500 51,000 51,500

50,01
(sec)

Reverse

52,000

52,500
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Processing mode

1
0
-1
47,500 43,000 45,500 43,000 43,500 50,000 50,500 51,000 51,500 52,000 52,500
Time (sec)

¥ Rever

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

0.0245
0.024
0.0235
0.023
0.0225
0.022
0.0215
0.021
0.0205
0.02
0.0195
0.018
0.0185
0.018
0.0175
0.017
0.0165
0.016
0.0155
0.015
0.0145
0.014
0.0135
0.013
0.0125
0.012
0.0115
0.011
0.0105
0.01
0.0095
0.008
0.0085

0.008
0.0075

47,500 48,000 48,500 49,000 49,500 50,000 50,500 51,000 51,500 52,000 52,500
Time (sec)

— North Position Error RMS {m) — East Position Error RMS (m)
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47,500 48,000 48,500 48,000 48,500 50,000 50,500

Time (sec)

— Number of GPS Satellites — Number of GLONASS Satellites

x accelerometer bias (micro-g)

51,000

51,500

52,000

52,500

47,500 48,000 48,500 48,000 48,500 000 50,500

50,
Time (sec)

51,000

51,500

52,000

52,500
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x accelerometer scale error (ppm)

47,500 48,000 48,500 48,000 48,500 50,000 50,500 51,000 51,500 52,000 52,500
Time (sec)

x gyro bias (deg/hr)

0.055

0.045

47,500 48,000 48,500 48,000 48,500 50,000 50,500 51,000 51,500 52,000 52,500

0,
Time (sec)
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x gyro scale error (ppm)

47,500 48,000 48,500 48,000 48,500 50,000 50,500 51,000 51,500 52,000 52,500

0,
Time (sec)

y accelerometer bias (micro-g)

47,500 48,000 48,500 48,000 48,500 000 50,500 51,000 51,500 52,000 52,500

50,
Time (sec)
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y accelerometer scale error (ppm)

47,500 48,000 48,500 48,000 48,500 50,000 50,500 51,000 51,500 52,000 52,500
Time (sec)

vy gyro bias (deg/hr)

47,500 48,000 48,500 48,000 48,500 50,000 50,500 51,000 51,500 52,000 52,500

0,
Time (sec)
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y gyro scale error (ppm)

47,500 48,000 48,500 48,000 48,500 50,000 50,500 51,000 51,500 52,000 52,500
Time (sec)

z accelerometer bias (micro-g)

47,500 48,000 48,500 48,000 48,500 000 50,500 51,000 51,500 52,000 52,500

50,
Time (sec)
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z accelerometer scale error (ppm)

47,500 48,000 48,500 48,000 43,500 00 50,500 51,000 51,500 52,000 52,500

50,0
Time (sec)

z gyro bias (deg/hr)

0.18
0.18
0.17
0.16
0.15
0.14
0.13
0.12
0.11

47,500 48,000 48,500 43,000 43,500 50,000 50,500 51,000 51,500 52,000 52,500
Time (sec)
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z gyro scale error (ppm)

188
186
184
182
180
178
176
174
172
170
168
166
164
162
180
158
156
154
152
150
148
145
144
142
140
138
136
134
132
130
128
126
124
122
120
118
116
114
112
110
108
106
104
102
100

98

96

47,500 48,000 48,500 48,000 48,500 50,000 50,500 51,000 51,500 52,000 52,500
Time (sec)

UNB17104A
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Altitude (m)

IWMWWMWW \

|
J
f
I

|
|

1

|
|

—_—

L \

__

458,000

500,000 502,000 504,000 506,000 508,000 510,000 512,000
Time (sec)

Baseline Length (m)

514,000

62,000

60,000 \\
58,000
56,000
54,000
52,000
50,000
48,000
485,000
44,000
42,000
40,000
38,000
35,000
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

WL

1
\

488,000

500,000

502,000 504,000 505,000 508,000 510,000
Time (sec)

512,000
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SmartBase Region

20000m

0.017
0.016
0.015
0.014
0.013
0.012
0.011

0.01
0.008 |
0.008 | P | '
0.007 1 | |
0.006
0.005
0.004 ‘
[RYER B
0.002

——

0.001

-0.001
-0.002
-0.003 \‘

-0.004 | [ |
-0.005 ‘ ‘

|
|
7
i
2
S
5
——

-0.008
-0.007

-0.008
-0.009

-0.01
-0.011
-0.012
-0.013
-0.014
-0.015
-0.016
-0.017
-0.018

498,000 500,000 502,000 504,000 506,000 508,000 510,000 512,000
Time (sec)

North (m) — East (m) ~ DR mode
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PDOP

2.04
2.02

1.98
1.96
1.9
1.52

1.9
1.88
1.86
1.84
1.82

1.78
1.76
1.74
1.72

1.68
1.66
1.64
1.62

1.58
1.56
1.54
1.52

1.48
1.46
144
1.42

. =

1.34
1.32

1.28
1.26
1.24

498,000 500,000 502,000 504,000 506,000 508,000 510,000 512,000
Time (sec)

Processing mode

-1

498,000 500,000 502,000 504,000 506,000 508,000 510,000 512,000
Time (sec)

0 = Fixed WL, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR
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0.038

0.037

0.036

0.035

0.034

0.033

0.032

0.031

0.03

0.029

0.028

0.015
0.014
0.013
0.012
0.011

0.01

0.009

0.008

488,000 500,000 502,000

504,000

506,000
Time (sec)

— North Position Error RMS (m) — East Position Error RMS (m) — Down Position &

508,000

510,000

512,000

10

2

498,000 500,000 502,000

504,000

506,000
Time (sec)

— Mumber of GPS Satellites

— Number of GLONASS Satellites

508,000

510,000

512,000
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x accelerometer bias (micro-g)

o] \ Vi W\ﬂ o \/N i
I W\ . “’\WW ‘w M I\/MW / \ﬂ\ﬂ\w/v/\’v\r’ fm\//k"\ﬁﬂv J

640 \

498,000 500,000 502,000 504,000 506,000 508,000 510,000 512,000
Time (sec)

x accelerometer scale error (ppm)

1,550

1,500

1,450

1,400

1,350

1,300

1,250

1,200

1,150

1,100

1,050

1,000

488,000 500,000 502,000 504,000 508,000 508,000 510,000 512,000
Time (sec)
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x gyro bias (deg/hr)

498,000 500,000 502,000 504,000 506,000 508,000 510,000 512,000
Time (sec)

x gyro scale error (ppm)

438,000 500,000 502,000 504,000 505,000 508,000 510,000 512,000
Time (sec)
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y accelerometer bias (micro-g)

1,180
1,140
1,120
1,100
1,080
1,060

1,040

1,020 \
1,000 W
980 W f

\}w | &t ’ f \ A
LY | W\ fd h ﬁm - "
%

458,000 500,000 502,000 504,000 506,000 508,000 510,000 512,000
Time (sec)

y accelerometer scale error (ppm)

280
260
240
220
200
180
160
140
120
100

80

80

20

-20
-40
50
-80

-100

-120

-140

-160

-180

-200

-220

-240

-260

-280

-300

-320

-340

-360

-330

-400

-420

-440

-460

-480

-500

-520

-540

-560

-580

-600

-620

-640

438,000 500,000 502,000 504,000 505,000 508,000 510,000 512,000
Time (sec)
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vy gyro bias (deg/hr)

-0.28

-0.32

-0.34

-0.38

-0.38

-0.52

-0.54

-0.56

-0.58

-0.62

-0.64

-0.65

-0.68

-0.72

-0.74

-0.78

-0.78

-0.82

498,000 500,000 502,000 504,000 506,000 508,000 510,000 512,000
Time (sec)

y gyro scale error (ppm)

438,000 500,000 502,000 504,000 505,000 508,000 510,000 512,000
Time (sec)
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z accelerometer bias (micro-g)

2,140
2,120
2,100
2,080
2,060
2,040
2,020
2,000
1,980
1,360
1,340
1,820
1,900
1,880
1,850

’ YAl

1,840

1,820 W J\WWMJ\WWW]"‘\/\]\\/J”AJ\J{\A/J‘VL/MW\W-V‘J/\J\MA\R/\‘J/w_v,‘f\/\/‘mf“\/\pv‘flfv\/\}\/\ iy
1,800 /\\JJ\ N
1,780 \f\f\/\f\)"fw

1,760
1,740 IJ\/

1,720
1,700
1,680
1,660
1,640
1,620
1,600
1,580
1,560
1,540
1,520
1,500
1,480
1,460
1,440
1,420
1,400
1,380

458,000 500,000 502,000 504,000 506,000 508,000 510,000 512,000
Time (sec)

z accelerometer scale error (ppm)

- e —

438,000 500,000 502,000 504,000 505,000 508,000 510,000 512,000
Time (sec)
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z gyro bias (deg/hr)

498,000 500,000 502,000 504,000 506,000 508,000 510,000 512,000
Time (sec)

z gyro scale error (ppm)

438,000 500,000 502,000 504,000 505,000 508,000 510,000 512,000
Time (sec)

UNB17105A



Virginia West Chesapeake Central LiDAR

TO# Gi15PDo0714
July 17, 2018
Page 351 of 592

Altitude (m)

575,000 576,000

577,000

56,000

578,000 573,000

580,000

581,000

Time (sec)

582,000

Baseline Length (m)

583,000

585,000 586,000

587,000

54,000
52,000
50,000
48,000

45,000
000 |
42,000 \
40,000 \
38,000

36,000
34,000
32,000 A
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

577,000

_—

578,000

573,000

580,000

581,000
Time (sec)

582,000

583,000

584,000

585,000
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-100000

20000m

0.008
0.008
0.007
0.006
0.005
0.004 |
0.003

0.002

0.001

p

"

-0.001

-0.002 ‘

REER B
-0.004
-0.005
-0.008 ]
-0.007
-0.008
-0.009
-0.01
-0.011
-0.012
-0.013
-0.014
-0.015
-0.016
-0.017
-0.018
-0.019

-0.02

577,000 578,000 579,000 580,000 581,000

Time (sec)

Warth (m) — East (m) = DR mode

582,000

583,000

584,000

585,000
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PDOP

577,000 578,000 573,000 580,000 581,000 582,000 583,000 584,000 585,000
Time (sec)

Processing mode

578,000 530,000 582,000 534,000
Time (sec)

0 = Fixed WL, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR
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0.031

0.028

0.028

0.027

0.026

0.025

0.024

0.023 ¥

0.022

0.018

0.018 W d \ P

0.017

0.016

0.015

0.014

0.013

0.012

0.011

0.008

0.008

577,000 578,000 578,000 580,000 561,000

Time (sec)

562,000 583,000 564,000 585,000

— North Position Error RMS (m) — East Position Error RMS (m) — Down Po

10

577,000 578,000 579,000 560,000 581,000

Time (sec)

— Mumber of GFS Satellites — Number of GLONASS Satellites

582,000 583,000 584,000 585,000
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x accelerometer bias (micro-g)
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1,400

1,350

1,300

1,250

1,200

1,150

1,100

1,050

1,000

577,000 578,000 579,000 580,000 581,000 582,000 583,000 584,000 585,000
Time (sec)
x accelerometer scale error (ppm)
577,000 578,000 575,000 580,000 581,000 582,000 583,000 584,000 585,000

Time (sec)
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x gyro bias (deg/hr)

-0.02

-0.04

-0.08

-0.08

-0.12

-0.14

-0.18

-0.18

-0.22

-0.24

-0.26

-0.28

-0.32

-0.34

-0.38

-0.38

-0.42

577,000 578,000 579,000 580,000 581,000 582,000 583,000 584,000 585,000
Time (sec)

x gyro scale error (ppm)

577,000 578,000 575,000 580,000 581,000 582,000 583,000 584,000 585,000
Time (sec)
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y accelerometer bias (micro-g)

1,200
1,180
1,160
1,140
1,120
1,100
1,080
1,060
1,040
1,020

1,000

980 y\»f"“\

577,000 578,000 573,000 580,000 581,000 582,000 583,000 584,000 585,000
Time (sec)

y accelerometer scale error (ppm)

-100

-150

-200

-250

-300

-350

577,000 578,000 578,000 580,000 581,000 582,000 583,000 584,000 585,000
Time (sec)
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vy gyro bias (deg/hr)

-0.51
-0.52
-0.53
-0.54
-0.55
-0.56
-0.57
-0.58
-0.59

0.6
-0.61
-0.62
-0.63
-0.64
-0.65
-0.66
-0.67
-0.68
-0.69

-0.7
-0.71

577,000 578,000 579,000 580,000 581,000 582,000 583,000 584,000 585,000
Time (sec)

y gyro scale error (ppm)

-100

-110

-120

-130

-140

577,000 578,000 578,000 580,000 581,000 582,000 583,000 584,000 585,000
Time (sec)
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z accelerometer bias (micro-g)

1320 \ Mﬂf\/
100 WM\M eSO M v““w\ W/“ “\/ ENAAAN

1,260 f\/\\/\f\f\/\""""\/“\f\/“/—\«/

577,000 578,000 573,000 580,000 581,000 582,000 583,000 584,000 585,000
Time (sec)

z accelerometer scale error (ppm)

577,000 578,000 578,000 580,000 581,000 582,000 583,000 584,000 585,000
Time (sec)
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z gyro bias (deg/hr)

577,000 578,000 579,000 580,000 581,000 582,000 583,000 584,000 585,000
Time (sec)

z gyro scale error (ppm)

577,000 578,000 575,000 580,000 581,000 582,000 583,000 584,000 585,000
Time (sec)
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Altitude (m)

45,000 48,000 50,000 52,000 54,000 56,000 58,000 60,000
Time (sec)

Baseline Length (m)

68,000
66,000
64,000
62,000
60,000
58,000
56,000
54,000
52,000
50,000
48,000
46,000
44,000
42,000
40,000
38,000
36,000
34,000
32,000

30,000

28,000

26,000 \

24,000 \

22,000 \

20,000

18,000 \ \ \

16,000 \ l\

14,000 1 \ \

12,000 \ \

oo \ \
6,000 \ \ \
4,000 \

2,000 \

53,000 54,000 55,000 56,000 57,000 58,000

45,000 47,000 43,000 43,000 50,000 51,000 52,000
Time (sec)
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0.007
I H

o —r= _J:‘\.J‘_;,;‘F- I.JL‘

0.006
0.005
0.004
0.003
0.002
0.001

-0.001

-0.002

-0.003
-0.004 ‘
-0.005 |
-0.006
-0.007
-0.008

-0.008

-0.01
-0.011
-0.012
-0.013
-0.014
-0.015
-0.016
-0.017
-0.018

-0.019
-0.02

46,000 47,000 48,000 49,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000
Time (sec)

Warth (m) — East (m) = DR mode
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PDOP

215
2.1

46,000 47,000 48,000 48,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000
Time (sec;

Processing mode

46,000 48,000 50,000 52,000 54,000 56,000 58,000
Time (sec)

0 = Fixed WL, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR
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0.028

0.028

0.027

0.026

0.025

0.024

0.023

0.022

0.021

0.018

0.018

0.017

0.016

0.015

0.014

0.013

0.012

0.008

0.008

0.007

46,000 47,000 48,000 43,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000
Time (sec)

— North Position Error RMS (m) — East Position Error RMS (m) — Down Po

H

46,000 47,000 48,000 49,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000
Time (sec)

— Mumber of GFS Satellites — Number of GLONASS Satellites
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x accelerometer bias (micro-g)
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1,950

1,800

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

46,000 47,000 48,000 43,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000
Time (sec)
x accelerometer scale error (ppm)
46,000 47,000 48,000 43,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000

Time (sec)
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x gyro bias (deg/hr)

46,000 47,000 48,000 48,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000
Time (sec)

x gyro scale error (ppm)

45,000 47,000 48,000 43,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000
Time (sec)
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y accelerometer bias (micro-g)

Z | A I
. . 1 | JJ%\ , L

46,000 47,000 48,000 48,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000
Time (sec)

y accelerometer scale error (ppm)

-100

-150

-200

-250

-300

-350

-400

-450

48,000 47,000 48,000 43,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000
Time (sec)
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vy gyro bias (deg/hr)

46,000 47,000 48,000 48,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000
Time (sec)

y gyro scale error (ppm)

48,000 47,000 48,000 43,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000
Time (sec)
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z accelerometer bias (micro-g)

1,320
1,300
1,280
1,260
1,240
1,220
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a0 A

46,000 47,000 48,000 48,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000
Time (sec)

z accelerometer scale error (ppm)

-180
_200 R Va4 wMMf ATy

WJMW\N\/\MVJ\

48,000 47,000 48,000 43,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000
Time (sec)
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z gyro bias (deg/hr)

-0.02

-0.04

-0.08

-0.08

-0.12

-0.14

-0.48

-0.18

-0.22

-0.24

-0.28

-0.28

-0.32

-0.34

-0.36

-0.38

-0.42

-0.44

-0.48

-0.48

46,000 47,000 48,000 48,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000
Time (sec)

z gyro scale error (ppm)

45,000 47,000 48,000 43,000 50,000 51,000 52,000 53,000 54,000 55,000 56,000 57,000 58,000
Time (sec)

UNB17106B
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Altitude (m)

AP

AN

b\ A e “”“‘/‘N")\/MMM\A

I,
i

70,000 71,000 72,000

73,000 74,000 75,000 76,000 77,000 78,000
Time (sec)

Baseline Length (m)

79,000

52,000
50,000
48,000
45,000 \
44,000 \

42,000 \ \

40,000

38,000

36,000 \

34,000 \
32,000 \
30,000

28,000 \ \
26,000

1

\
24,000 \

\
22,000 \
20,000 \
18,000 \

\ \

15,000 \

14,000 \

12,000 \

10,000
8,000
6,000
4,000

2,000

70,000 71,000 72,000

73,000 74,000 75,000 76,000
Time (sec)

77,000
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0.0065
0.008
0.0055
0.005
0.0045
0.004
0.0035
0.003
0.0025
0.002

0.0015

0.001

I

1

W
iy
- ‘”1

\
SOOI | N ‘_ o ‘L_m L U

0.0005

-0.0005

-0.001
-0.0015

-0.002

-0.0025
-0.003
-0.0035
-0.004
-0.0045
-0.005

-0.0055

-0.006
-0.0085
-0.007

-0.0075

70,000 71,000 72,000 73,000 74,000 75,000 76,000 77,000
Time (sec)

North (m) — East (m) - DR mode
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PDOP

1.62
1.61
1.6
1.59
1.58
1.57
1.56
1.55
1.54
153
1.52
151
15
1.49
1.48
1.47
1.46
1.45
144
143
1.42
1.41
14
1.39 L
1.38 "
1.37
1.36
1.35
134
133
1.32
131
13
1.20
1.28
1.27
1.26
1.25
1.24
1.23
1.22
121
1.2
119
118
117
116

70,000 71,000 72,000 73,000 74,000 75,000 76,000 77,000
Time (sec)

Processing mode

70,000 72,000 74,000 76,000
Time (sec)

0 = Fixed WL, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR
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0.041

0.04
0.038
0.038
0.037
0.036
0.035
0.034
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 N
0.02 Mo
0.019 i
0.018
0.017
0.016
0.015
0.014
0.013
0.012
0011
0.0t

0.009
0.008

70,000 71,000

72,000 73,000
Time (sec)

74,000 75,000 76,000 77,000

— North Position Error RMS (m) — East Position Error RMS (m) — Down Position Error RMS (ir

10

70,000 71,000

72,000 73,000
Time (sec)

74,000 75,000 76,000 77,000

— Mumber of GFS Satellites — Number of GLONASS Satellites
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x accelerometer bias (micro-g)

\ J\\/\

520 \J‘\ L\.\

500
480 :

e "

70,000 71,000 72,000 73,000 74,000 75,000 76,000 77,000
Time (sec)

x accelerometer scale error (ppm)

1,500

1,450

1,400

1,350

1,300

1,250

1,200

1,150

1,100

1,050

1,000

70,000 71,000 72,000 73,000 74,000 75,000 76,000 77,000
Time (sec)
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x gyro bias (deg/hr)

70,000 71,000 72,000 73,000 74,000 75,000 76,000 77,000
Time (sec)

x gyro scale error (ppm)

70,000 71,000 72,000 73,000 74,000 75,000 76,000 77,000
Time (sec)
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-100

-150

-200

-250

-300

-350

y accelerometer bias (micro-g)

70,000 71,000 72,000 73,000 74,000 75,000 76,000 77,000
Time (sec)

y accelerometer scale error (ppm)

70,000 71,000 72,000 74,000 75,000 76,000 77,000

73,000
Time (sec)




Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 378 of 592

vy gyro bias (deg/hr)

70,000 71,000 72,000 73,000 74,000 75,000 76,000 77,000
Time (sec)

y gyro scale error (ppm)

70,000 71,000 72,000 74,000 75,000 76,000 77,000

73,000
Time (sec)
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z accelerometer bias (micro-g)

Ay AV A
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70,000 71,000 72,000 73,000 74,000
Time (sec)

z accelerometer scale error (ppm)

75,000

76,000

77,000

R e S S R

70,000 71,000 72,000 74,000

73,000
Time (sec)

75,000

76,000

77,000




Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 380 of 592

z gyro bias (deg/hr)

70,000 71,000 72,000 73,000 74,000 75,000 76,000 77,000
Time (sec)

z gyro scale error (ppm)

140
135
130

100

70,000 71,000 72,000 73,000 74,000 75,000 76,000 77,000
Time (sec)

UNB17107A
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Altitude (m)

2,025
2,020
2,015
2,010
2,005
2,000
1,895
1,890
1,885
1,880
1,975
1,870
1,965
1,860
1,955
1,850
1,845
1,840
1,835
1,830
1,825
1,820
1,815
1,510
1,505
1,500
1,895
1,890
1,885
1,880
1,875
1,870
1,865
1,860
1,855
1,850
1,845
1,840
1,835
1,830
1,825

132,000 133,000 134,000 135,000 136,000 137,000 138,000 139,000
Time (sec)

Baseline Length (m)

52,000
50,000
48,000
45,000
44,000
42,000
40,000
38,000
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

132,000 133,000 134,000 135,000 136,000 137,000 138,000 139,000
Time (sec)

¥ Rever
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' Project Settings

71 General Information
5 Units

9 View

7 Rover Import

7 Satelite Selection

£ GNSS-Inertial Processor

Reference to IMU Lever Arm

X [0.034 m |
Y [0.018m |
z [-0.156 m |

Reference ta Primary GNSS Lever Am

Reference to IMU Mounting Angles

X 0,000 deg |
Y (0,000 deg |
z |0.000 deg |

Aircraft to Reference Mounting Angles

- Timing

Algorthies X [0.105m WE: 0.000 deg ]

 Initialization

iLever Arms and Mounting &ngles Y |-0.052 m | Y IU.UIJEI deg I
ol z 0964 M - (00004 |
£5 Camera el . =d

3 Standard
':] LDAR Deviation
I SAR <3cm 10cm S0cm  1m  10m
4 1
 Cancel
PDOP
1:35 \\

1.34

1.32

1.3

1.28

1.26

1.24

1.22

12

132,000

133,000

134,000 135,000

136,000
Time (sec)

[ — Forward ¥ Reverse

137,000 138,000

139,000
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Processing mode

1
0
-1
132,000 133,000 134,000 135,000 135,000 137,000 138,000 135,000
Time (sec)

¥ Rever

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

0.04
0.038
0.038
0.037
0.036
0.035
0.034
0.033
0.032
0.031
0.03
0.028
0.028
0.027
0.026
0.025
0.024
0.023 f |
0.022
0.021
0.02
0.018
0.018
0.017
0.016
0.015
0.014
0.013

0.012
0.011

0.01
0.009
0.008
0.007

132,000 133,000 134,000 135,000 136,000 137,000 138,000 139,000
Time (sec)

— North Position Error RMS {m) — East Position Error RMS (m)
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132,000 133,000 134,000 135,000 136,000 137,000 138,000 138,000
Time (sec)

— Number of GPS Satellites — Number of GLONASS Satellites

x accelerometer bias (micro-g)

132,000 133,000 134,000 135,000 136,000 137,000 138,000 138,000
Time (sec)
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x accelerometer scale error (ppm)

2,000

1,850

1,500

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

132,000 133,000 134,000 135,000 136,000 137,000 138,000 139,000
Time (sec)

x gyro bias (deg/hr)

-0.02

-0.04

-0.08

-0.08

-0.12

-0.14

-0.46

-0.18

-0.22

-0.24

-0.28

-0.28

-0.32

-0.34

-0.38

-0.38

132,000 133,000 134,000 135,000 136,000 137,000 138,000 139,000
Time (sec)
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x gyro scale error (ppm)

132,000 133,000 134,000 135,000 136,000 137,000 138,000 133,000
Time (sec)

y accelerometer bias (micro-g)
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\
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132,000 133,000 134,000 135,000 136,000 137,000 138,000 139,000
Time (sec)
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y accelerometer scale error (ppm)

400
380
360
340
320
300
280
260

132,000 133,000 134,000 135,000 136,000 137,000 138,000 139,000
Time (sec)

vy gyro bias (deg/hr)

-0.42

-0.44

-0.48

-0.48

-0.52

-0.54

-0.56

-0.58

-0.62

-0.64

-0.65

-0.68

-0.72

-0.74

-0.78

-0.78

-0.82

-0.34

-0.86

132,000 133,000 134,000 135,000 136,000 137,000 138,000 139,000
Time (sec)
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1,500
1,480
1,460
1,440
1,420
1,400

y gyro scale error (ppm)

132,000 133,000 134,000 135,000 136,000 137,000 138,000 139,000
Time (sec)
z accelerometer bias (micro-g)
132,000 133,000 134,000 135,000 135,000 137,000 138,000 138,000

Time (sec)
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z accelerometer scale error (ppm)

132,000 133,000 134,000 135,000 136,000 137,000 138,000 139,000
Time (sec)

z gyro bias (deg/hr)

-0.08
-0.09

-0.27
-0.28
-0.28

-0.31
-0.32
-0.33
-0.34
-0.35
-0.38

-0.39

132,000 133,000 134,000 135,000 136,000 137,000 138,000 139,000
Time (sec)
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z gyro scale error (ppm)

132,000 133,000 134,000 135,000 136,000 137,000 138,000 133,000
Time (sec)

UNB17331A
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Altitude (m)

2,140
2,120
2,100
2,080
2,060
2,040
2,020
2,000
1,880
1,960
1,540
1,820
1,800
1,880
1,860
1,840
1,820
1,800
1,780
1,760
1,740
1,720
1,700
1,680

1,660

132,000 134,000 136,000 138,000 140,000 142,000 144,000 146,000
Time (sec)

Baseline Length (m)

46,000
44,000
42,000
40,000
38,000
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

132,000 134,000 136,000 138,000 140,000 142,000 144,000 145,000
Time (sec)

¥ Rever
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20000m

132,000

134,000 136,000 138,000
Time (sec)

140,000

North (m) — East (m)

- DR mode

142,000 144,000 148,000
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./ Project Settings

£ General Information Reference to IMU Lever Arm Reference to IMU Mounting Angles
Units X [0.034m | | |:% [0.000 deg
2 View
B Foveriimport Y [0.018m [ 0.000 deg
£ Satellite Selection z [0.155m [ [[Z |0.000 deg
GNSS-Inertial Processor = = .
; TR Reference to Primary GNSS Lever Arm Aircraft to Reference Mounting Angles
- Algorithms X [0.105m Ji[llEx |0.000 deg
i Initialization
~{ever Arms and Mounting Angles | Y [0.052m 181152 0.000 deg
3 Export
: z [-0.964m [z |0.000 deg
9 Camera '
; Standard
™ LiDaR Deviation
SAR <3cm 10cm 50cm 1m  10m
< w | >
OK || Cancel
PDOP
14
1.3
132,000 134,000 136,000 138,000 Time (e 140,000 142,000 144,000 145,000

¥ — Forward ¥

Reverse
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Processing mode

132,000 134,000 136,000 138,000 140,000 142,000 144,000 145,000
Time (sec)

¥ Rever

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

0.043
0.042
0.041
0.04
0.038
0.038
0.037
0.036
0.035
0.034
0.033
0.032
0.031
0.03
0.029
0.028
0.027
0.026
0.025
0.024
0.023 f |
0.022 A | f / AN : y
0.021 | L1 f | : # o i
0.02 " 1t { f . [
0.018 i \ i | d ! !
0.018 A 1 | |

0.017
0.016 b I
0015
0.014
0.013
0.012

0.011

0.01
0.009
0.008
0.007

0.006

132,000 134,000 136,000 138,000 140,000 142,000 144,000 146,000
Time (sec)

— North Position Error RMS {m) — East Position Error RMS (m)
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132,000 134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)

— Number of GPS Satellites — Number of GLONASS Satellites

x accelerometer bias (micro-g)

146,000

132,000 134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)

145,000
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x accelerometer scale error (ppm)

132,000 134,000 136,000 138,000 140,000 142,000 142,000 145,000
Time (sec)

x gyro bias (deg/hr)

-0.02

-0.04

-0.08

-0.08

-0.12

-0.14

-0.15

-0.48

-0.22

-0.24

-0.25

-0.28

-0.32

-0.34

-0.36

-0.38

-0.42

132,000 134,000 135,000 138,000 140,000 142,000 144,000 146,000
Time (sec)



Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 398 of 592

x gyro scale error (ppm)

132,000 134,000 136,000 138,000 140,000 142,000 144,000 146,000
Time (sec)

y accelerometer bias (micro-g)
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132,000 134,000 136,000 138,000 140,000 142,000 144,000 145,000
Time (sec)



Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 399 of 592

-0.28

-0.32

-0.34

-0.36

-0.38

-0.42

-0.44

-0.48

-0.48

-0.52

-0.54

-0.56

-0.58

-0.62

-0.64

-0.66

-0.68

-0.72

-0.74

y accelerometer scale error (ppm)

132,000 134,000 136,000 138,000 140,000 142,000 144,000 146,000
Time (sec)

vy gyro bias (deg/hr)

132,000 134,000 135,000 138,000 140,000 142,000 144,000 146,000
Time (sec)




Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 400 of 592

y gyro scale error (ppm)

132,000 134,000 136,000 138,000 140,000 142,000 144,000 146,000
Time (sec)

z accelerometer bias (micro-g)

132,000 134,000 136,000 138,000 140,000 142,000 144,000 145,000
Time (sec)
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z accelerometer scale error (ppm)
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132,000 134,000 136,000 138,000 140,000 142,000 144,000 146,000
Time (sec)

z gyro bias (deg/hr)

0.14
0.12

0.1
0.08
0.06
0.04

0.02

-0.02
-0.04
-0.08
-0.08
01
-0.12
-0.14
-0.18
-0.18
0.2
-0.22
-0.24
-0.28
-0.28
-0.3
-0.32 N
-0.34 5 LY
-0.38
-0.38
0.4
-0.42
-0.44
-0.48
-0.48
0.5

-0.52

132,000 134,000 135,000 138,000 140,000 142,000 144,000 146,000
Time (sec)
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z gyro scale error (ppm)

132,000 134,000 136,000 138,000 140,000 142,000 144,000 146,000
Time (sec)
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Altitude (m)

2,270
2,260
2,250
2,240
2,230
2,220
2,210
2,200
2,190
2,180
2,170 I
2,160
2,150
2,140
2,130
2,120
2,110
2,100
2,080
2,080
2,070
2,060
2,050
2,040
2,030
2,020
2,010
2,000
1,890
1,880
1,570
1,960
1,850
1,540
1,830
1,820
1,510
1,500
1,890
1,880
1,870
1,860
1,850

154,000 155,000 156,000 157,000 158,000 153,000 160,000 161,000 162,000 163,000 164,000
Time (sec)

Baseline Length (m)

45,000

44,000

42,000

40,000

38,000

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

154,000 185,000 156,000 157,000 158,000 159,000 180,000 161,000 182,000 163,000 164,000
Time (sec)

¥ Rever
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20000m
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0.0055
0.005
0.0045
0.004
0.0035
0.003
0.0025
0.002
0.0015

0.001 ‘

0.0005
u,‘WJ_.._._

-0.0005

-0.001
-0.0015
-0.002
-0.0025
-0.003] |
-0.0035 |
-0.004
-0.0045
-0.005
-0.0055
-0.006
-0.0085
-0.007
-0.0075
-0.008

-0.0085

154,000 155,000 158,000 157,000 158,000

159,000 160,000
Time (sec)

North (m)

East (m) - DR mode

161,000

162,000

163,000

164,000
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" Project Settings

3 General Information Reference to IMU Lever Arm Reference to IMU Mounting Angles
5 Units X [0.034m X [0.000 deg |
B View
o~ Y [0.018m Y 0.000 deg |
i Satellite Selection z [-0.155m z |0.000 deg |
5 GNSS-Inertial Processor ; : 5
By ety Reference to Primary GNSS Lever Arm Aircraft to Reference Mounting Angles
-~ Algorithms X [-0.105m X 0.000 deg |
- Initialization
“iLever Arms and Mounting Angles Y I-0.052 m Y I0.0DO deg |
E2 Export
z 0.964m z 0.000
9 Camera | [ ey |
: Standard
& LiDAR Deviation
B SAR <3cm 10cm 50cm 1m
] [0 »
| ok | Cancel
PDOP
o
o
e B
154,000 155,000 156,000 157,000 158,000 159#‘]’?‘[; (se0) 160,000 161,000 162,000 163,000 164,000

[ — Forward ¥ Reverse




Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 406 of 592

Processing mode

1
0
-1
154,000 155,000 156,000 157,000 158,000 158,000 160,000 161,000 162,000 163,000 164,000
Time (sec)

¥ Rever

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

0.033
0.032

0.031

0.029
0.028
0.027
0.026
0.025
0.024
0.023
0.022

0.021

0.019
0.018
0.017 1 \ - {
0.018
0.015
0.014
0.013
0.012

0.011

0.009

0.008

154,000 155,000 156,000 157,000 158,000 159,000 160,000 161,000 162,000 163,000 164,000
Time (sec)

— North Position Error RMS {m) — East Position Error RMS (m)
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154,000 155,000 156,000 157,000 158,000 158,000 160,000 161,000 162,000 163,000 164,000
Time (sec)

— Number of GPS Satellites — Number of GLONASS Satellites

x accelerometer bias (micro-g)

154,000 155,000 156,000 157,000 158,000 158,000 160,000 161,000 162,000 163,000 164,000
Time (sec)



Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 408 of 592

x accelerometer scale error (ppm)

1,500

1,450

1,400

1,350

1,300

1,250

1,200

1,150

1,100

1,050

1,000

154,000 155,000 156,000 157,000 158,000 153,000 160,000 161,000 162,000 163,000 164,000
Time (sec)

x gyro bias (deg/hr)

0.16

154,000 155,000 156,000 157,000 158,000 155,000 160,000 161,000 162,000 163,000 164,000
Time (sec)
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x gyro scale error (ppm)

154,000 155,000 156,000 157,000 158,000 159,000 160,000 161,000 162,000 163,000 164,000
Time (sec)

y accelerometer bias (micro-g)

154,000 155,000 156,000 157,000 158,000 158,000 160,000 161,000 162,000 163,000 164,000
Time (sec)
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y accelerometer scale error (ppm)

460
440
420
400
380
360
340
320
300
280
260

154,000 155,000 156,000 157,000 158,000 153,000 160,000 161,000 162,000 163,000 164,000
Time (sec)

vy gyro bias (deg/hr)

154,000 155,000 156,000 157,000 158,000 155,000 160,000 161,000 162,000 163,000 164,000
Time (sec)
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y gyro scale error (ppm)

-100

-110

-120

154,000 155,000 156,000 157,000 158,000 153,000 160,000 161,000 162,000 163,000 164,000
Time (sec)

z accelerometer bias (micro-g)

800

WAAw
780
760

154,000 155,000 156,000 157,000 158,000 158,000 160,000 161,000 162,000 163,000 164,000
Time (sec)
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z accelerometer scale error (ppm)

154,000 155,000 156,000 157,000 158,000 153,000 160,000 161,000 162,000 163,000 164,000
Time (sec)

z gyro bias (deg/hr)

154,000 155,000 156,000 157,000 158,000 155,000 160,000 161,000 162,000 163,000 164,000
Time (sec)



Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 413 of 592

z gyro scale error (ppm)

154,000 155,000 156,000 157,000 158,000 159,000 160,000 161,000 162,000 163,000 164,000
Time (sec)
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Altitude (m)

w%w‘"%

e N

—_t
MM \

\
in

312,000

314,000

316,000

318,000
Time (sec)

Baseline Length (m)

520,000

322,000 324,000 326,000

62,000
60,000
58,000
56,000
54,000
52,000
50,000
48,000
45,000
44,000
42,000
40,000
38,000
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

\
i

312,000

314,000

316,000

318,000
Time (sec)

320,000

322,000 324,000 326,000
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SmartBase Region

20000m

0.024
0.023
0.022
0.021
0.02
0.01%
0.018
0.017
0.016
0.015
0.014
0.013
0.012
0.011
0.01
0.009
0.008
0.007
0.006
0.005 1
0.004
0.003

‘\
n
|

\
i
4 'wJ ™M
LML

w \
-0.001 A1l
-0.002 1
-0.003 |

-0.004 |
-0.005 “ I ‘ |

0.002 I\ |
0.001 \ - —\—
r‘ " Jlrdf J

-0.006

-0.007
-0.008 |
0008 | ‘
-0.01
-0.011 ‘
-0.012
-0.013
-0.014
-0.015
-0.016
-0.017
-0.018
-0.019
-0.02

312,000 314,000 316,000 518,000 320,000 322,000 324,000 326,000
Time (sec)

wWorth (m) — East (m) = DR mode
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' Project Settings

9 General Information
9 Units

9 View

I Rover Import

9 Satellite Selection

I GNSS-Inertial Processor

Reference to IMU Lever Am

X [0.034m |
¥ [0.018m ]
z [-0.155m |

Reference to Primary GNSS Lever Am

Reference to IMU Mounting Angles

X 0,000 deg |
Y 0.000 deg ]
z (0,000 deg |

Aircraft to Reference Mounting Angles

[] Force GPS Only

Timing

i~ Algorihine X [0.105m | [ = 0.000 deg |
- Initialization

-~ ilever Ams and Mounting Angles | Y |-0.052m | [ [ 0,000 deg |
F7 Export

. z |-0.964m | [ [2 0.000 deg |
) Camera '

N Standard
t_j LDAR Deviation
1 SAR <3cm 10cm 50cm 1m  10m

4 w

[ ok || Concel
' Project Settings
9 General Information Disable Satelites
B Ly 65 | auonsss | seoou | azss|
9 View
= CJFPRNT (JPRN 10 CIPRNTS CJ PR
=) _ ] PRN 2 ] PRN 11 ] PRN 20 Ol PR
: G % [ ] PRN 3 [ ] PRN12 [] PRN 21 [JPr
I GNSS-Inertial Processor (] PRN 4 ] PRN 12 C1PRN 22 ClPR
9 Export []PRNS (] PRN 14 []PRN 23 PR
B c L | PRNE | PRN 15 []PRN 24
9 el (] PRN 7 (] PRN 16 CJPRN 25
9 LiDaR []PRNS (] PRN17 ] PRN 26
B3 SAR ] PRN S (] PRN 18 [ PRN 27
< >
Elevation Mask Angle  |12.000 deg

| Cancel
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PDOP

(AN
i

] i 1
N ﬂ | - JQ | }
. |

1.35
13
1.25 ‘
1.2 Q
312,000 314,000 316,000 318,000 320,000 322,000 324,000 326,000
Time (sec)

Processing mode

312,000 314,000 316,000 318,000 320,000 322,000 324,000 326,000
Time (sec)

0 =Fixed N, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8= DR |
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0.033

0.032

0.031

0.029

0.028

0.027

0.026

0.025

0.024

0.023

0.022

0.021

0.019

0.018

0.017

0.016

0.015

0.014

312,000 314,000 316,000 318,000 320,000 322,000 324,000 326,000
Time (sec)

— North Position Error RMS (m) — East Position Error RMS (m) — Down Position Error RMS

312,000 314,000 316,000 318,000 320,000 322,000 324,000 326,000
Time (sec)

— Mumber of GFS Satellites — Number of GLONASS Satellites
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* Project Settings

9 General Information
9 Units

9 View

I Rover Import

9 Satellite Selection

1 GNSS-Inertial Processor

Algorithms

Initialization

Lever &ms and Mounting Angles
£ Export

Timing

Stat | 311051.000

End 326140.000
Entire time interval
Seconds of start week

UTC Offset 18.000

Data Incr. [sec)
Output Record 0.005000
IMU 0.005000
Primary GNSS 1.000000

i1 Camera
7 LiDAR
=1 SaR
4 m | >
| Cancel
x accelerometer bias (micro-g)

1,000

990

380

970

960

950

540

330

920

s10

900

890

880

70

860

850

840

830

820

810

800

790

780

770

760

750

740

730

720

710

700

690

680

70

660

650

640

630

520

610

600

590

580

570

560

550

312,000 314,000 316,000 318,000 320,000 322,000 324,000 326,000

Time (sec)
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x accelerometer scale error (ppm)

1,500

1,450

1,400

1,350

1,300

1,250

1,200

1,150

1,100

1,050

1,000

312,000 314,000 316,000 318,000 520,000 322,000 324,000 326,000
Time (sec)

x gyro bias (deg/hr)

312,000 314,000 316,000 318,000 320,000 322,000 324,000 326,000
Time (sec)
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x gyro scale error (ppm)

312,000 314,000 516,000 518,000 520,000
Time (sec)

y accelerometer bias (micro-g)

322,000 324,000 326,000

1,080
1,060
1,040
1,020

1,000

900 {
880

—
AN
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e
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312,000 314,000 316,000 318,000 320,000
Time (sec)

322,000 324,000 326,000
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y accelerometer scale error (ppm)

520

312,000 314,000 316,000 318,000 320,000 322,000 324,000 326,000
Time (sec)

vy gyro bias (deg/hr)

312,000 314,000 316,000 318,000 320,000 322,000 324,000 326,000
Time (sec)
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y gyro scale error (ppm)

312,000 314,000 516,000 518,000 520,000 322,000 324,000 326,000
Time (sec)

z accelerometer bias (micro-g)

P LiadiTadln
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/MWW\/WW R e

312,000 314,000 316,000 318,000 320,000 322,000 324,000 326,000
Time (sec)
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z accelerometer scale error (ppm)

-300 e

/WMJ’JV\"‘MW
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312,000 314,000 316,000 318,000 320,000 322,000 324,000 326,000
Time (sec)

z gyro bias (deg/hr)

-0.02

-0.04

-0.08

-0.08

042

-0.14

-0.48

-0.18

-0.22

-0.24

-0.28

-0.28

-0.32

-0.34

-0.38

-0.38

-0.42

-0.44

-0.48

-0.48

-0.52

312,000 314,000 316,000 318,000 320,000 322,000 324,000 326,000
Time (sec)
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z gyro scale error (ppm)

2,500
2,450
2,400
2,350
2,300
2,250
2,200
2,150
2,100
2,050
2,000
1,850
1,800
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

950

500

800
750
700
650
600
550
500
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350
300

312,000

314,000 316,000 318,000 320,000 322,000
Time (sec)

Altitude (m)

324,000 326,000
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Time (sec)

324,000 326,000
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Baseline Length (m)

62,000
60,000
58,000
56,000
54,000
52,000 {
50,000 [
48,000 [
45,000 [
44,000
42,000 I

40,000 f

38,000

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 I

10,000 I

8,000 4
6,000
4,000

2,000

312,000 314,000 316,000

20000m

318,000
Time (sec)

320,000

LO¥H

322,000

324,000

326,000
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0.024
0.023
0.022
0.021

0.02
0.019
0.018
0.017
0.016
0.015
0.014
0.013
0.012
0.011

0.01
0.008
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001

-0.001
-0.002
-0.003
-0.004
-0.005
-0.008
-0.007
-0.008
-0.009 {

-0.01
-0.011
-0.012
-0.013
-0.014.
-0.015
-0.016
-0.017

-0.018
-0.01%
-0.02
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312,000

314,000 316,000 318,000

Time (sec)

320,000 322,000

— North (m) — East (m)

Down (m) = DR mode

324,000

326,000

* Project Settings

&

General Information
Units

View

Rover Import
Satellite Selection

EPEFPP W

GNSS-Inertial Processor
- Timing

- Algorithms

- Initialization

Reference ta IMU Lever Am

X [0.034 m |

i [0.018m |

z [-0.155m |

Reference to Primary GNSS Lever Am

X [-0.105m |

~flever dms and Mounting Angles Y

[-0.052m |

£ Export
91 Camera
9 LiDAR
1 SAR

<| "

z [-0.964m |

Standard '
Deviation

<3cm 10cm 50cm  1m

Reference to IMU Mounting Angles

X [0.000 deg

Y 0,000 deg

z {0,000 deg

Aircraft to Reference Mounting Angles

X 0.000 deg

Y [0.000 deg

z 0.000 deg

ok ]

Cancel

1
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" Project Settings

9 General Information
9 Units
9 View

I Rover Import

7 GNSS-Inertial F‘roc“essor
£ Export

I Camera

£ LiDAR

1 SAR

Disable Satellites

GPS W 100U W’ 55 |
[]PRN1 (] PRN 10 []PRN19 [] PR
[]PRN2 L] PRN 11 []PRN 20 [] PR
[1PRN3 [ ] PRN12 L] PRN 21 PR
[ ]1PRN 4 [ ] PRN13 [ ] PRN 22 [1PR
[IPRNS [ ] PRN 14 [ ] PRN 23 [JPr
[1PRNEB [ ] PRN15 [] PRN 24
[1PRN7 [ 1 PRN 1B []PRN 25
[1PRNS ] PRN17 [ ]1PRN 26
[JPRNY [ ] PRN 18 [] PRN 27
< >
Elevation Mask Angle  [12.000 deg

[] Force GPS Only

L

Cancel

PDOP

2.5

2.45

2.4

2.35

2.3

2.25

2.2

215

2.1

2.05

1.95

1.9

1.85

1.8

1.75

1.7

1.65

1.6

1.55

1.5

1.45

1.4

1.35

1.3

1.25

1.2

312,000

314,000

318,000

318,000

Time (sec)

320,000

322,000

324,000

326,000
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Processing mode

312,000 314,000 316,000 318,000
Time (sec)

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

320,000

322,000

324,000

326,000

0.033
0.032

0.031

0.029
0.028
0.027
0.026
0.025
0.024

0.023 P

0.022

0.021 / i |

0.019 1 |

0.018 Al

0.017

0.016

0.015

0.014

0.013

0.012

0.011

0.009

0.008

312,000 314,000 316,000 318,000
Time (sec)

320,000

— North Position Error RMS {m) — East Position Error RMS (m)

322,000

324,000

326,000
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Time (sec)

Baseline Length (m)
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42,000
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2,000
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Time (sec)

399,000 400,000 401,000

— North (m) — East (m)
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() = DR mode

402,000

© Project Settings

&

General Information
Units

View

Rover Import
Satellite Selection

COCOED

GNSS-Inertial Processor

- Timing

- Algorithms

- Initialization

“iLever Arms and Mounting Angles
Export

Camera
LiD&R
SA&R

AL

< (] >

Reference ta IMU Lever Am

X [0.034 m

Y [0.018m

z [-0.155m

Reference to Primary GNSS Lever Am

X [-0.105m

Y [-0.052m

z [-0.964m

Standard .
Deviation

<3cm 10cm 50cm  1m

10m

Reference to IMU Mounting Angles

X [0.000 deg

Y 0,000 deg

z {0,000 deg

Aircraft to Reference Mounting Angles

X 0.000 deg

Y [0.000 deg

z 0.000 deg

OK

|

Cancel
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" Project Settings

9 General Information
9 Units
9 View

I Rover Import

7 GNSS-Inertial F‘roc“essor
£ Export

I Camera

£ LiDAR

1 SAR

Disable Satellites

GPS W 100U W’ ¢
[]PRN1 (] PRN 10 []PRN19 [] PR
[]PRN2 L] PRN 11 []PRN 20 [] PR
[1PRN3 [ ] PRN12 L] PRN 21 PR
[ ]1PRN 4 [ ] PRN13 [ ] PRN 22 [1PR
[IPRNS [ ] PRN 14 [ ] PRN 23 [JPr
[1PRNEB [ ] PRN15 [] PRN 24
[1PRN7 [ 1 PRN 1B []PRN 25
[1PRNS ] PRN17 [ ]1PRN 26
[JPRNY [ ] PRN 18 [] PRN 27
< >
Elevation Mask Angle  |14.000 deg

[] Force GPS Only

L

Cancel

PDOP

2.06
2.04
2.02

1.98
1.96
1.94
1.52

1.9
1.88
1.86
1.84
1.82

1.8
1.78
1.76
1.74
1.72

1.68
1.66
164
1.62

1.58
1.56
1.54
1.52

1.5
1.48
1.46
144

1.42

1.38
1.36
1.34
1.32

384,000

385,000

386,000 387,000

398,000
Time (sec)

389,000

400,000

401,000
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Processing mode

394,000

395,000

396,000

397,000 398,000
Time (sec)

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

399,000 400,000 401,000

402,000

0.026
0.0255
0.025
0.0245
0.024
0.0235
0.023
0.0225
0.022
0.0215
0.021
0.0208

0.02
0.0195
0.019
0.0185 f
0.018
0.0175
0.017
0.0165
0.016
0.0155
0.015
0.0145
0.014

0.0135
0.013
0.0125
0.012
0.0115
0.011
0.0105
0.01
0.0095
0.008
0.0085

0.008

0.0075

394,000

395,000

396,000 397,000 398,000

Time (sec)
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5.8
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5.4

5.2
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46

4.4

394,000 395,000

396,000 397,000

398,000

Time (sec)

398,000

— Number of GPS Satellites

— Number of GLONASS Satellites

400,000 401,000

402,000

* Project Settings

€

9 General Information
9 Units

9 View

I Rover Import

9 Satellite Selection

I GNSS-Inertial Processor

- Algorithms

- Initialization

- Lever &rms and Mounting Angles
F7 Export

91 Camera
9 LiDAR
1 SAR

Timing

Stat 393456405

Data

Incr. [sec)

End |402341.205

Output Record

0.005000

[] Entire time interval
[ Seconds of start week

UTC Dffset 18.000

IMU

0.005000

Primary GNSS

1.000000
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x accelerometer bias (micro-g)
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394,000 395,000 396,000 397,000 398,000 393,000 400,000 401,000 402,000
Time (sec)

x accelerometer scale error (ppm)

384,000 385,000 395,000 387,000 388,000 399,000 400,000 401,000 402,000
Time (sec)
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x gyro bias (deg/hr)

354,000 395,000 396,000 397,000 398,000 393,000 400,000 401,000 402,000
Time (sec)

x gyro scale error (ppm)

384,000 395,000 395,000 387,000 388,000 399,000 400,000 401,000 402,000
Time (sec)
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420
400
380

y accelerometer bias (micro-g)
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vy gyro bias (deg/hr)
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Time (sec)

y gyro scale error (ppm)
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Time (sec)
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-560
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z accelerometer bias (micro-g)
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z accelerometer scale error (ppm)
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z gyro bias (deg/hr)

354,000 395,000 396,000 397,000 398,000 393,000 400,000 401,000 402,000
Time (sec)

z gyro scale error (ppm)
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Time (sec)
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— North (m) — East (m)
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Wur () ~+ DR mode

451,000
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© Project Settings

TOEGED

General Information
Units

View

Rover Import

Satellite Selection
GNSS-Inertial Processor

- Timing
- Algorithms
- Initialization

“{lever Ams and Mounting Angles

AL

Export
Camera
LiD&R
SA&R

<

L

Reference ta IMU Lever Am

X [0.034 m
Y [0.018m
z [-0.155m

Reference to Primary GNSS Lever Am

X [-0.105m
Y [-0.052m
z [-0.964m
Standard

e

<3cm 10cm 50cm  1m

10m

Reference to IMU Mounting Angles

X [0.000 deg [
Y 0,000 deg [
z {0,000 deg [

Aircraft to Reference Mounting Angles

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

| ok

|

Cancel
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* Project Settings

General Information
Units
View

Rover Import

GNSS-Inertial F‘roc.essor

Export

Camera
LiDAR
SAR

Disable Satellites

GPS

]
o

(] PRN1
[]PRN2
[]PRN3
[ ] PRN 4
L] PRNS
[]PRNE
[]PRN7
L] PRN S
[JPRNY

INEEEEEEE

PRN 10
PRN 11
PRN 12
PRN 13
PRN 14
PRN 15
PRN 16
PRN 17
PRN 18

(] PRN 19
(] PRN 20
L] PRN 21
L] PRN 22
L] PRN 23
[] PRN 24
[]PRN 25
L] PRN 25

L] PRN 27

Elevation Mask Angle  |16.000 deg

[] Force GPS Only

[

Cancel

PDOP
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Time (sec)
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Processing mode

1
0
-1
487,500 488,000 488,500 489,000 489,500 430,000 450,500 491,000 491,500
Time (sec)

0 = Fixed NL, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNS5 Nav, 8 = DR |

0.033
0.032

0.031

0.029
0.028
0.027
0.026
0.025
0.024
0.023
0.022

0.021

0.018 Lvs)
0.018
0.017 " ' : Mo
0.016
0.015
0.014
0.013
0.012

0.011

0.009

0.008
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Time (sec)

— North Position Error RMS (m) — East Position Error RMS (m) — Do
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487,500 488,000

488,500 489,000 488,500 430,000
Time (sec)

— Number of GPS Satellites — Number of GLONASS Satellites

480,500

451,000 491,500

o

Project Settings
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=]
=
(=]
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M
(=]
=]
=]

General Information
Units

View

Rover Import

Satellite Selection
GNSS-Inertial Processor

- Initialization
- Lever &rms and Mounting Angles

Export
Camera
LiD&R
SA&R

LU >

Timing

Stat  [487211.919 | | Data

Incr. [sec)

End |491657.088 Output Record

0.005000

[] Entire time interval IMU

0.005000

[ Seconds of start week Primary GNSS

1.000000

UTC Dffset 18.000

| Cancel
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x accelerometer bias (micro-g)
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Time (sec)

x accelerometer scale error (ppm)
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x gyro bias (deg/hr)
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Time (sec)

x gyro scale error (ppm)
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Time (sec)
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y accelerometer bias (micro-g)

1,100
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vy gyro bias (deg/hr)
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Time (sec)
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z accelerometer bias (micro-g)
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Time (sec)

z accelerometer scale error (ppm)
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z gyro bias (deg/hr)

487,500 488,000 488,500 489,000 489,500 450,000 450,500 451,000 451,500
Time (sec)

z gyro scale error (ppm)
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Time (sec)
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495,000
Time (sec)

496,000

— Morth {m) — East(m)

Ciown (m) == DR mode

497,000

' Project Settings

9 General Information
9 Units

9 View

I Rover Import

9 Satellite Selection

I GNSS-Inertial Processor
< Timing

- Algorithms

- Initialization

Reference to IMU Lever Am

Reference to IMU Mounting Angles

X [0.034 m [ [0.000 deg
% [0.018m [ 0.000 deg
z [-0.155 m [ ||z [0.000 deg

Reference to Primary GNSS Lever Am

Aircraft to Reference Mounting Angles

“iLever Arms and Mounting Angles

F7 Export
) Camera
9 LiDAR
9 SAR
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Y [-0.052m | [0.000 deg
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9 View
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[] Force GPS Only
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Processing mode
1
]
1
492,000 493,000 494,000 495,000 496,000 497,000

Time (sec)

0 = Fixed ML, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR
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¥ Project Settings

I General Information

9 Units

9 View

7 Rover Import

9 Satellite Selection

I GNSS-Inertial Processor
- Timing

- Algorithms

- Initialization

- Lever &rms and Mounting Angles
F7 Export

91 Camera

9 LiDAR

9 SAR

Timing

Stat  [191913.098

Data

Incr. [sec)

End [497668.318

Output Record

0.005000

[] Entire time interval
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UTC Dffset 18.000

IMU

0.005000
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1.000000
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x accelerometer bias (micro-g)
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1 GNSS-Inertial Processor T < ;
:_ A Tiving Reference to Primary GNSS Lever Am Aircraft to Reference Mounting Angles
i Algorkhns X [-0.105m | S 0.000 deg
“Initialization
'§Lever Arms and Mounting Angles Y I-IJ.052 m I ¢ |IJ.IJUU deg
£ Export
z [-0.964m [ 12 0.000 deg
91 Camera .
’ Standard
9 LiDAR Deviation
1 SAR <3cm 10cm S0cm  1m  10m
< .

0K

|

Cancel
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PDOP

165
164
163
162
161
1.6
158
158
157
156
155
154 —
153 n
152
151
15
148 |
1.48 |
147
146
145
144
1.43
142
141
14
139
138
137
136
135
134
133
132
131
13
129
1.28
127
126

1.25 \I
124
123

1.22 >~

578,500 573,000 573,500 580,000 580,500 581,000 581,500 582,000
Time (sec)

Processing mode

578,500 573,000 579,500 580,000 580,500 581,000 581,500 582,000
Time (sec)

0 =Fixed N, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8= DR |
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0.045
0.044
0.043
0.042
0.081
0.04
0.035
0.038
0.037
0.036
0.035
0.034
0.033
0.032
0.031
0.03
0.02¢
0.028
0.027
0.026
0.025
0.024
0.023
0.022
0.021
0.02
0.018
0.018 A
0.017 / ‘ f
0.016 d
0.015 - - f
0.014 ‘
0.013
0.012

0.011
0.01
0.008

Y

578,500 579,000 578,500 580,000 580,500 581,000 581,500 582,000
Time (sec)

— North Position Error RMS (m) — East Position Error RMS (m) — Do

578,500 579,000 579,500 580,000 580,500 581,000 581,500 582,000
Time (sec)

— Mumber of GFS Satellites — Number of GLONASS Satellites
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' Project Settings

9 General Information
9 Units

9 View

I Rover Import

9 Satellite Selection

1 GNSS-Inertial Processor

Algorithms

Initialization

Lever &ms and Mounting Angles
£ Export

Timing
Start
End

578314.018 Data Incr. [sec)
582053.000 Output Record 0.005000
Entire time interval IMU 0.005000
Seconds of start week | Primary GNSS 1.000000

UTC Offset 18.000

i1 Camera
7 LiDAR
=1 SaR
4 L |
| Cancel
x accelerometer bias (micro-g)

840

830

820

510

300

730

780

770

780

750

740

730

720

710

700

690

580

670

650

650

540

30

620

610

500

590

580

570

550

550

540

530

520

510

500

430

480

470

480

450

440

430

578,500 575,000 575,500 580,000 580,500 581,000 581,500 582,000

Time (sec)
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x accelerometer scale error (ppm)

578,500 579,000 573,500 580,000 580,500 581,000 581,500 582,000
Time (sec)

x gyro bias (deg/hr)

578,500 578,000 578,500 580,000 580,500 581,000 581,500 582,000
Time (sec)
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x gyro scale error (ppm)

578,500 579,000 573,500

580,000 580,500 581,000 581,500
Time (sec)

y accelerometer bias (micro-g)

582,000

J&f\f EE

\

\

\\‘P\

578,500 579,000 573,500

580,000 580,500 581,000 581,500
Time (sec)

582,000
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y accelerometer scale error (ppm)

-100

-150

-200

578,500 573,000 573,500 580,000 580,500 581,000 581,500 582,000
Time (sec)

vy gyro bias (deg/hr)

-0.28
-0.29

-0.31
-0.32
-0.33
-0.34
-0.35
-0.38
-0.37
-0.38
-0.39

-0.41
-0.42
-0.43
-0.44
-0.45
-0.45
-0.47
-0.48
-0.49

0.5
-0.51
-0.52
-0.53
-0.54
-0.55
-0.56
-0.57
-0.58
-0.59

-0.6
-0.61
-0.62
-0.63

578,500 578,000 578,500 580,000 580,500 581,000 581,500 582,000
Time (sec)
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y gyro scale error (ppm)

-100

-110

578,500 573,000 573,500 580,000 580,500 581,000 581,500 582,000
Time (sec)

z accelerometer bias (micro-g)

1,220
1,200
1,180
1,160
1,140
1,120
1,100
1,080
1,060
1,040
1,020

1,000

578,500 575,000 578,500 580,000 580,500 581,000 581,500 582,000
Time (sec)



Virginia West Chesapeake Central LiDAR
TO# Gi15PDo0714

July 17, 2018

Page 546 of 592

z accelerometer scale error (ppm)

-100
-120
-140
-160
-180
-200
-220
-240
-260
-280
-300
-320
-340
-360
-330
-400
-420
-440
-460
-430
-500
-520
-540
-560
-580

-600

578,500 573,000 573,500 580,000 580,500 581,000 581,500 582,000
Time (sec)

z gyro bias (deg/hr)

578,500 578,000 578,500 580,000 580,500 581,000 581,500 582,000
Time (sec)
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z gyro scale error (ppm)

578,500 579,000 573,500 580,000 580,500 581,000 581,500 582,000
Time (sec)
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Altitude (m)

2,550

2,500

2,450

2,400

2,350

2,300

2,250

2,200

2,150

2,100

2,050

2,000

1,950

1,500

1,850

134,000 136,000 138,000 140,000 142,000 144 000
Time (sec)
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Baseline Length (m)

44,000
42,000
40,000
38,000
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

134,000 136,000 138,000 140,000 142,000 144 000
Time (sec)
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0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

-0.005
-0.01
-0.015
-0.02
-0.025
-0.03
-0.035
-0.04
-0.045
-0.05
-0.055
-0.06

134,000

136,000

138,000
Time (sec)

140,000 142,000

— Morth {m) — East(m)

Ciown (m) == DR mode

144,000

&

© Project Settings

FEPEFOPP W

=
=]
=)

General Information
Units

View

Rover Import

Satellite Selection
GNSS-Inertial Processor

- Timing
- Algorithms
- Initialization

~{lever Ams and Mounting Angles

Export
Camera
LiD&R
S&R

<

. ]

Reference to IMU Lever Am

X [0.034 m

Y [0.018m

z [-0.155 m

Reference to Primary GNSS Lever Am

X [-0.105m

Y [-0.052m

z |-0.964m

Standard '
Deviation

<3cm 10cm 50cm  1m

10m

Reference to IMU Mounting Angles

X [0.000 deg

Y 0.000 deg

z [0.000 deg

Aircraft to Reference Mounting Angles

X 0.000 deg

Y [0.000 deg

z 0.000 deg

[ ok ]| comcel |
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' Project Settings
£ General Information Disable Satelites
1 Units W
9 View
7 Rover Import [JPRN1 ] PRN 10 [JPRN 19 LIPR
9 Satellite Selection []PAN2 L1PRN 11 L] PAN20 L1PR
: : []PRN3 I PRN12 ] PRN 21 PR
1 GNSS-Inertial Processor (] PRN 4 CIPRN 13 ] PRN 22 ClPR
9 Export % PRNS E PRN 14 E PRN 23 CIPR
3 PRN B PRN 15 PRN 24
&8 Camera C1PRN 7 (] PRN1E [JPRN 25
£ LiDAR [1PRNS [1PRN17 [1PRN 25
£ sam [JPRNY [ PRN 18 [] PRN 27
< I >
Elevation Mask Angle  [12.000 deg
[] Force GPS Only
[ 1 conee
PDOP
2.15 —~
2.1
2.05
2
1.95
1.5
1.85
1.8
1.75
1.7 [ﬂ
1.65 1
1.6
1.55 Lﬂ_ﬂ{
1.5
1.45
1.4
1.35 l/[
1.3
1.25
134,000 136,000 138,000 140,000 142,000 144,000

Time (sec)
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Processing mode
1
0
-1
134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)

0 = Fixed ML, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8 = DR
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0.042

0.038

0.036

0.034

0.032

0.03

0.028

0.026

0.024

0.022

0.02

0.018

0.016

0.014

0.012

0.01

0.008

134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)

— Morth Position Error RMZ (m) — East Position Error RMS (m) Down Position Error RMS (m)
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10
9.5

g
o U
)
7.5
6.5
5.5
4.5
3.5
2.5

1.5

0.5

i

134,000

136,000

138,000
Time (sec)

140,000

142,000

— Mumber of GPS Satellites — Number of GLONASS Satellites

144,000

* Project Settings

=]
i
=)
=)
(=]
=

()
(=]
(s

General Information
Units

View

Rover Import

Satellite Selection
GNSS-Inertial Processor

- Timing

- Algorithms

- Initialization

- Lever &rms and Mounting Angles

Export
Camera
LiD&R
S&R

" 14

Timing

Stat [132115.372

Data

Incr. [sec)

End |145600.898

Output Record

0.005000

[] Entire time interval
[ Seconds of start week

UTC Dffset 18.000

ItU

0.005000

Primary GNSS

1.000000

[ok ][ concel
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500

a30

800

730

650

600

330

500

x accelerometer bias (micro-g)

134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)
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x accelerometer scale error (ppm)

1,200
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

450

134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)
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x gyro bias (deg/hr)

0.04
0.02

-0.02
-0.04
-0.06
-0.08

-0.1
-0.12
-0.14
-0.16
-0.18

-0.2
-0.22
-0.24
-0.26
-0.28

-0.3
-0.32
-0.34
-0.36
-0.38

-0.4
-0.42
-0.44

134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)
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x gyro scale error (ppm)

134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)
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1,080
1,080
1,040
1,020
1,000

y accelerometer bias (micro-g)

134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)
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y accelerometer scale error (ppm)

550

500

450

400

250

200

150

100

50

-50

-100

-150

-200

-250

-300

-350

134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)
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y gyro bias (deg/hr)

-0.32
-0.34
-0.38
-0.38

-0.4
-0.42
-0.44
-0.48
-0.48

-0.5
-0.52
-0.54
-0.56
-0.58

-0.6
-0.62
-0.64
-0.66
-0.68

-0.7

134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)
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y gyro scale error (ppm)

-100
-110

134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)
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z accelerometer bias (micro-g)

1,400
1,350
1,300
1,250
1,200

1,150 w ﬁfmlwkrg,ﬂ N

1,100 k\,ﬂﬂﬂ ﬂmﬁw : A\WU\\-JW A

1,050 |

\MW’\M‘ ﬂr«“‘m‘vm%
V

1,000

300
850
800

730

134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)
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z accelerometer scale error (ppm)

50

-50

-100

-150

-200

-250

-300

-350

-400

-450

-500

-550

-600

134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)
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z gyro bias (deg/hr)

-0.1

-0.15

-0.2

-0.3

-0.35

-0.4

-0.45

-0.5

134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)
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z gyro scale error (ppm)

140

130

110

100

an

an

70

&0

50

40

30

20
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-10

-20

134,000 136,000 138,000 140,000 142,000 144,000
Time (sec)
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2,560
2,540
2,520
2,500
2,480
2,450
2,440
2,420
2,400
2,380
2,360
2,340
2,320
2,300
2,280
2,260
2,240
2,220
2,200
2,180
2,160
2,140
2,120
2,100
2,080
2,060
2,040
2,020
2,000
1,880
1,860

1,840

Altitude (m)

—1_ 1 |

|
| |
\"M\M AT P M

39,000
38,000
37,000
36,000
35,000
34,000
33,000
32,000
31,000
30,000
29,000
28,000
27,000
26,000
25,000
24,000
23,000
22,000
21,000
20,000
19,000
18,000
17,000
16,000
15,000
14,000
13,000
12,000
11,000
10,000
9,000
8,000
7,000
6,000
5,000

393,000

399,500

400,000

400,500 401,000 401,500 402,000

Time (sec)

402,500 403,000 403,500 404,000 404,500 405,000 405,500

Baseline Length (m)

|

\ \
\\ \ \
\\ \ \\
\ \ \,
\\ \l\ \
\\ \ \
AR
& |

385,000

393,500

400,000

400,500 401,000 401,500 402,000

Time (sec)

402,500 403,000 403,500 404,000 404,500 405,000 405,500
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0.018
0.017
0.016
0.015
0.014
0.013
0.012
0.011
0.01
0.009
o008 ] |
0.007
0.006
0.005
0.004
0.003
0.002
0.001

-0.001
-0.002 s
-0.003
-0.004.
-0.005
-0.006
-0.007
-0.008
-0.009

-0.01
-0.011
-0.012
-0.013
-0.014
-0.015
-0.016
-0.017

\‘\

M “I Ll \'»ﬂ |(|..\ ’

m
h

398,000 398,500 400,000

400,500 401,000 401,500 402,000

Time (sec)

402,500

403,000 403,500 404,000

— North (m) — East (m)

Down (m) = DR mode

404,500 405,000 405,500

© Project Settings

&

General Information
Units

View

Rover Import
Satellite Selection

EPEFPP W

GNSS-Inertial Processor
- Timing

- Algorithms

- Initialization

~flever dms and Mounting Angles

Export
Camera
LiD&R
SA&R

FEPFE

< (] >

Reference ta IMU Lever Am

X [0.034 m |

i [0.018m |

z [-0.155m |

Reference to Primary GNSS Lever Am

X [-0.105m |

Y [-0.052m |

z [-0964m |

Standard .
Deviation

<3cm 10cm 50cm  1m  10m

Reference to IMU Mounting Angles

X [0.000 deg

Y 0,000 deg

z {0,000 deg

Aircraft to Reference Mounting Angles

X 0.000 deg

Y [0.000 deg

z 0.000 deg

[ ok ]| comcel |
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PDOP

399,000 393,500 400,000 400,500 401,000 401,500 402,000 402,500 403,000 403,500 404,000 404,500 405,000 405,500
Time (sec)

Processing mode

399,000 399,500 400,000 400,500 401,000 401,500 402,000 402,500 403,000 403,500 404,000 404,500 405,000 405,500
Time (sec)

0 =Fixed N, 1 = Fixed WL, 2 = Float, 3 = DGNSS, 4 = RTCM, 5 = IAPPP, 6 = C/A, 7 = GNSS Nav, 8= DR |
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0.034

0.033

0.032

0.031

0.029

0.028

0.027

0.026

0.025

0.024

0.023

0.022

0.021

0.018

o018 )

0.017

0.016

0.015

0.014

0.013

0.012

0.011

0.009

0.008

398,000

399,500

400,000

400,500

401,000

401,500 402,000 402,500 403,000
Time (sec)

403,500

— North Position Error RMS (m) — East Position Error RMS (m) — Do

404,000

404,500

405,000

405,500

399,000

399,500

400,000

400,500

401,000

401,500 402,000 402,500 403,000
Time (sec;

— Mumber of GFS Satellites — Number of GLONASS Satellites

403,500

404,000

404,500

405,000

405,500
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* Project Settings

9 General Information Timing
£ Units Start 1398888.525 ] Data Incr. (sec)

£ View End  [405586.751 Output Record 0.005000
9 Rover Import ] Entire time interval IMU 0.005000

7 Satellite Selection Seconds of start week Primary GNSS 1.000000
1 GNSS-Inertial Processor

UTC Offset 18.000

Algorithms

Initialization

Lever &ms and Mounting Angles
£ Export
I Camera
£ LiDAR

=1 SaR

4 m | >

| Cancel

x accelerometer bias (micro-g)

395,000 388,500 400,000 400,500 401,000 401,500 402,000 402,500 403,000 403,500 404,000 404,500 405,000 405,500
Time (sec)
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x accelerometer scale error (ppm)

1,550

1,500

1,450

1,400

1,350

1,300

1,250

1,200

1,150

1,100

1,050

1,000

393,000 399,500 400,000 400,500 401,000 401,500 402,000 402,500 403,000 403,500 404,000 404,500 405,000 405,500
Time (sec)

x gyro bias (deg/hr)

-0.02

-0.04

-0.08

-0.08

-0.12

-0.14

-0.18

-0.18

-0.22

-0.24

-0.28

-0.28

-0.32

-0.34

-0.38

-0.38

-0.42

-0.44

385,000 398,500 400,000 400,500 401,000 401,500 402,000 402,500 403,000 403,500 404,000 404,500 405,000 405,500
Time (sec)
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x gyro scale error (ppm)

399,000 393,500 400,000 400,500 401,000 401,500 402,000 402,500 403,000 403,500 404,000 404,500 405,000 405,500
i c

me (sec)

y accelerometer bias (micro-g)
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399,000 399,500 400,000 400,500 401,000 401,500 402,000 402,500 403,000 403,500 404,000 404,500 405,000 405,500
Time (sec)
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y accelerometer scale error (ppm)

-100

-150

-250

-300

399,000 393,500 400,000 400,500 401,000 401,500 402,000 402,500 403,000 403,500 404,000 404,500 405,000 405,500
Time (sec)

vy gyro bias (deg/hr)

-0.39
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