angular rate (rad/s)

IMU Consistency Check Levels

0.19 A

0.18 A

0.17 A

o

-

o
1

acceleration (m/s/s)

0.15 ~

0.14 ~

data index

0.0150 A

0.0145 4

0.0140 A

0.0135 A

0.0130 A

data index




Vertical Innovations

0.04 A

0.02 ~

0.00 -

Down Vel (m/s)

—0.02 A

—0.04 A

max=0.00

min=0.00

300

350

400

450

500
time (sec)

550

600

650

700

2.0 A

1.5~

1.0 A

0.5

0.0 A

Down Pos (m)

—0.5 4

_1.0 .

—-1.5 1

_2.0 .

max=1.47

min=-1.18

300

350

400

450

500
time (sec)

550

600

650

700




North Vel (m/s)

East Vel (m/s)

Horizontal Velocity Innovations

0.04 4
0.02 A
0.00 1 =t 00. '0000
—0.02 4
—0.04 -
3(I)O 350 4(I)O 4%0 5(I)O 550 6(|)0 650 7(|)0
time (sec)
0.04 4
0.02 4
0.00 1 =t 00. .0000
—0.02 4
—0.04 4
3(|)0 3é0 4(|)O 450 5(|)O 51|30 6(|)O 650 7(I)O

time (sec)




North Pos (m)

East Pos (m)

—10.0 A

Horizontal Position Innovations

10.0 -

7.5 4

5.0

2.5 A

0.0 A

—2.5 1

—5.0 1

—7.5 1

max=0.90

rr

L

min=-0.84

300

350

400

450

500
time (sec)

550

600

650

700

10.0 -

7.5 1

5.0 1

2.5 1

0.0 -

—2.5 1

—5.0 4

—7.5 1

—10.0 A

max=2.06

rr

Al

min=-1.51]

300

350

400

450

500
time (sec)

550

600

650

700




Magnetometer Innovations

0.04 -
0.02 -
w
[7)]
> max=0.00
3 0007 min=0.00
X
—0.02
—0.04 +
300 350 400 450 500 550 600 650 700
time (sec)
0.04 -
0.02 -
w
S max=0.00
§ 0.007 min=0.00
>_
—0.02
—0.04 +
300 350 400 450 500 550 600 650 700
time (sec)
0.04 -
0.02 -
F]
> max=0.00
3 0007 min=0.00
N
—0.02
—0.04 +
300 350 400 450 500 550 600 650 700
time (sec)




Heading (rad)

Magnetic Heading Innovations

0.04 -
0.02 A
0-001 MR <0:00"
—0.02 ~
~0.041
300 350 400 450 500 550 600

time (sec)

650

700




innovation (m/sec)

innovation (rad)

True Airspeed Innovations

0.04
0.02 -
0.00 1 M= 00. .0000
—0.02 1
—0.04 1
300 350 400 450 500 550 600 650 700
time (sec)
Synthetic Sideslip Innovations
0.04 -
0.02
0.00 1 M= 00. .0000
—0.02 1
—0.04 1
300 350 400 450 500 550 600 650 700

time (sec)




X (rad/sec)

Optical Flow Innovations

0.04 +
0.02 +
max=0.00
0.00 1 min=0.00
—0.02 +
—0.04 +
300 350 400 450 500 550 600 650 700
time (sec)
0.04 -
0.02 +
o
2 max=0.00
B 0001 mMin=0.00
g
—0.02 +
—0.04 +
350 400 450 500 550 600 650 700
time (sec)

300




mag

—0.02 A

—0.04 A

0.004 -

0.003 -

vel, pos

0.001 A

0.000 A

0.04 A

0.02 ~

0.00 -

0.002 A

Normalised Innovation Test Levels

—— mag

Max=0.0000, mean=0.0000

300 350 400

450 500 550 600

650

700

,_!,LEMML;M‘H WMMII a“ Mln “M U MJ MI MNMHI HNM Mu M T .

time (sec)

44, mean=0.0004



aligned

pos aiding

hgt aiding

mag aiding

EKF Control Status - Figure A

1.0 A

0.8 A

0.6 -

0.4

0.2 1

0.0 A

no pre-arm data - cannot calculate tilt alignment start time

300

350

400

450

500
time (sec)

550

600

650

700

1.0

0.8 A

0.6 1

0.4 1

0.2

0.0 A

300

350

400

450

500
time (sec)

550

600

650

700

1.0 A

0.8 A

0.6 1

0.4 1

0.2

0.0 -

no pre-arm data - cannot calculate Baro aiding start time

300

350

400

450

500
time (sec)

550

600

650

700

1.0 A

0.8 1

0.6

0.4 1

0.2

0.0 1

300

350

400

450

500
time (sec)

550

600

650

700




EKF Control Status - Figure B

1.0 A

0.8

airborne
©
(o)}
1

o
N
1

0.2

0.0 A

n-air at 302.4 sec

duration = 385.4 sec

pon-ground

300

350

400

450

500
time (sec)

550

600

650

700

1.0 A

0.8 A

estimating wind
o
(0)]

o
SN
1

0.2 A

0.0 1

300

350

400

450

500
time (sec)

550

600

650

700

at 687.8 sec



failed

failed

failed

failed

failed

failed

EKF Innovation Test Fails

1.0 — velNED
—— pos NE
0.5 -
0.0 -
300 350 400 450 500 550 600 650 700
time (sec)
1.0 — hgt absolute
—— hgt above ground
0.5 -
0.0 -
300 350 400 450 500 550 600 650 700
time (sec)
1.04 ___ mag_x
—— mag_y
054 —— mag_z
— yaw
0.0 -
300 350 400 450 500 550 600 650 700
time (sec)
1.0 — airspeed
0.5 -
0.0 -
300 350 400 450 500 550 600 650 700
time (sec)
1.0 — sideslip
0.5 -
0.0 -
300 350 400 450 500 550 600 650 700
time (sec)
LOT — flow X
— flow Y
0.5 -
0.0 -
300 350 400 450 500 550 600 650 700

time (sec)




failed

failed

GPS Direct Output Check Failures

—— N sats
1.0 4 —— GDOP
—— horiz pos error
—— vert pos error
— fix type
084 — speed error
0.6 A
0.4
0.2
0.0 A
300 350 400 450 500 550 600 650 700
time (sec)
GPS Derived Output Check Failures
— horiz drift
1.0 4 —— vertdrift
—— horiz speed
—— vert vel inconsistent
0.8 -
0.6
0.4
0.2
0.0 -
300 350 400 450 500 550 600 650 700

time (sec)




accuracy (m)

Reported Accuracy

1.6

1.4

1.2

1.0

o
(o]
1

0.6 1

0.4 A

0.2 A

—— horizontal
— vertical

300

350

400

450

500
time (sec)

550

600

650

700




IMU Vibration Metrics

0.0040 A

0.0035 A

= 0.0030 A

0.0025 A

0.0020 A

0.0015 A

Del Ang Coning (mrad

0.0010 A

0.0005 A

0.0000 A

max=0.0039, mean=0.0009

300 350 400

450 500 550
time (sec)

600 650 700

3.0

HF Del Ang (mrad)
= N N
ul o ul

=
o
1

0.5 A

max=2.958/, mean=1.6235

0.0

300 350 400

450 500 550
time (sec)

600 650 700

0.05 A1

0.04 A

0.03 A

HF Del Vel (m/s)

o

o

N
1

0.01 ~

Mmax=0.0517, mean=0.03/38

300 350 400

450 500 550
time (sec)

600 650 700




Output Observer Tracking Error Magnitudes

max=14.4398, mean=0.8881
14 -

12 ~

10 A

angles (mrad)

300 350 400 450 500 550 600 650 700
time (sec)

Max=0.0920, mean=0.0078

0.08 A1

o

o

o
1

©

o

N
1

velocity (m/s)

0.02 ~

0.00 A

300 350 400 450 500 550 600 650 700
time (sec)

0.40 A Max=0.3906, mean=0.0336

0.35 A1
0.30 A

—~ 0.25 A

position (m

© © ©

= = N

o ul o
1 1 1

0.05 A

0.00 A

300 350 400 450 500 550 600 650 700
time (sec)



Delta Angle Bias Estimates

0.000002 A
0.000001 A
0.000000 ~

__—0.000001 A

X (rad

—0.000002 A

—0.000003 ~

—0.000004 -

—0.000005 A

300 350 400 450 500 550
time (sec)

600

650

700

0.000006 A

0.000004 ~

0.000002 ~

Y (rad)

0.000000 A

—0.000002 A

—0.000004 -

300 350 400 450 500 550
time (sec)

600

650

700

0.000131 A

0.000130 A

0.000129 ~

0.000128 ~

Z (rad)

0.000127 A

0.000126 A

0.000125 ~

0.000124 A

300 350 400 450 500 550
time (sec)

600

650

700




X (m/s)

Y (m/s)

Z (m/s)

Delta Velocity Bias Estimates

0.0001 A

0.0000 A

—0.0001 A

—0.0002 A

—0.0003 A

—0.0004 A

—0.0005 A

—0.0006 A

300

350

400

450

500 550 600 650
time (sec)

700

0.0002 A

0.0000 A

—0.0002 A

—0.0004 A

—0.0006

300

350

400

450

500 550 600 650
time (sec)

700

0.00028 A

0.00026 A

0.00024 A

0.00022 ~

0.00020 A

0.00018 ~

300

350

400

450

500 550 600 650
time (sec)

700




declination (deg)

inclination (deg)

strength (Gauss)

Earth Magnetic Field Estimates

0.04 ~

0.02 ~

0.00 -

—0.02 A

—0.04 A

300

350

400

450

500
time (sec)

550

600

650

700

0.04 ~

0.02 ~

0.00 -

—0.02 A

—0.04 A

300

350

400

450

500
time (sec)

550

600

650

700

0.04 ~

0.02 ~

0.00 -

—0.02 A

—0.04 A

300

350

400

450

500
time (sec)

550

600

650

700




Magnetometer Bias Estimates

0.04 -
0.02 A
F]
8 0.00
8 )
=
—0.02 +
—0.04 -
300 350 400 450 500 550 600 650 700
time (sec)
0.04 -
0.02 A
F
8 0.00
8 )
>_
—0.02 +
—0.04 -
300 350 400 450 500 550 600 650 700
time (sec)
0.04 -
0.02 A
F]
8 0.00
8 )
N
—0.02 +
—0.04 -
300 350 400 450 500 550 600 650 700
time (sec)




North (m/s)

East (m/s)

Wind Velocity Estimates

0.04 A

0.02 ~

0.00 -

—0.02 A

—0.04 A

300

350

400

450

500
time (sec)

550

600

650

700

0.04 ~

0.02 A

0.00 A

—0.02 A

—0.04 A

300

350

400

450

500
time (sec)

550

600

650

700




