@ INERTIAL MEASUREMENT SENSOR

?‘P'
% USING THE STRAPDOWN INERTIAL SENSOR MODEL

TAPESTRY, with the Multi-Function Input/Output [MFI0O] feature card installed, will
model the Electrical and Data Protocol for STRAPDOWN Inertial Measurement Units
implemented Digitally via SDLC / + RS422 and in Analog via a 16 BIT D2A.

The digital output characteristics:

. Scaled and Interleaved, Autopilot and Inertial Data [Av and AB] at 0 - 1.2 KHz
o SDLC/+ RS422 Transparent Mode, CRC, 0-BIT Insert.

« Source/Slave 1 MHz Data Clock.

« DB25 on MFIO Tang.

The analog output characteristics:

. Rate Gyro Triad, 0-5 VDC, 50Q. Programmable scale factor and offset.

« Accelerometer Triad, 0-5 VDC, 50Q. Programmable scale factor and offset.
« 16 bit D2A / 100 Hz update.

. DB25 on MFIO Tang.

In all configurations,

« Per-axis error models.

« Case-to-body axis modeling.

. Adaptation parameter modeling.

« Truth data access for analysis support.

This document provides a description of the Setup and Modeling associated with our
implementation of Inertial Measurement Unit (IMU) data output.
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EE%I} IMU MAIN FORM

;Fi_'%; THE INERTIAL MEASUREMENT UNIT MODEL

Serup & Control - Help

@cpssumss;amcmucsphgmm- 4 userEquipment e Models -| | & P

HNYWL HG1700 - AGOB l:] | 08 Lover s e e Patems v

HNYWL HG1700 - AGO8 - e
BOEING DQI - GNP10

B | SEFLAL Differential GP3

CADC-GIG100 - GNP10 If this ICON appears, Press to flash the () S snenet o
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HNYWL HG1700 - AG04 | 155345050 i

HNYWL HG1700 - AG17 If the MFIO expansion card is not it i

detected, this message will be
displayed
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INRRTIAL MEASUREMENT UNIT SETUP
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Check top use the UE Data
Clock, otherwise Tapestry
sources the Data Clock.
Enter (if required) Status words in hex (eg.
Oxaa). See your IMU interface
Error Model documentation for the correct settings of

these items
Note: The IMU models require the Multi-Function 1/0 [MFIO] for data output.

NAVIGATION LABORATORIES INC 2



SPECIFYING THE SENSOR TYPE

INERTIAL MEASUREMENT UNIT TYPE

IMU SENSOR-TYPE : G | dlisplayed, click the Flash control to program the
LITTON - LN200 SDLC = MFIO with the correct firmware. If you s_elect a
different IMU type repeat the programming
BOEING DQI - GNP10 procedure.

CADC-GIC100 - GNP10
HNYWL HG1700 - AG11
HNYWL HG1700 - AG17
HNYWL HG1700 - AGO4

There are 4 (Generic) Output Data Formats for HG1700 we supply

HNYWL HG1700 - AG0O4 %
HG1700 > 3 5 Z
HNYWL HG1700 - AGO08 IDENTIFICATON & £ 2 [ o o x O
==
TYPE z D X 4w w
HNYWL HG1700 - AG11 2y . 9 Be EIE gFE i
S 8 o o 0O ] ‘;‘I 00 < >0 < <
HNYWL HG1700 - AG17 © = w 2 0 © Lo oo Eo
HG1700 AGO8
X X 999 KHz  7.99E-04 5.41E-06  AGOS
. . . HG17T00AGALTL
Enter the applicable implementation 999KHz  7.09E-04 541E-06  AGOS
. HG1700AG4272
from the table into the Control. 999 KHz  7.99E-04 5.41E-06  AGOS
HG1700 AG43/73
X X 999 KHz  7.99E-04 5.41E-06  AGO8
HG1700 AG44
X X 999 KHz  7.99E-04 541E-06  AGOS
Not Implemented
HG1700 AG14 X X 999 KHz  6.56E-04  4.00E-06 NI
HG1700 AG40 X X 999 KHz  6.56E-04  4.00E-06 NI
HG1700 AG51 X X 999 KHz  6.56E-04  4.00E-06 NI
HG1700 AG31 X X 999 KHz  7.99E-04  5.41E-06 NI
HG1700 AGO5 X X X X 1wmHz 7.45E-09  2.32E-10 NI
HG1700 AG11 X X X X 1MHz 745E-09 1.16E-10  AGLL
HG1700 AG12 X X X X 1MmHz 745E-09  1.16E-10  AGll
HG1700 AG13 X X X X 1MHz 745E-09 1.16E-10  AGILL
HG1700 AG19 X X X X 1MHz 745E-09 1.16E-10  AGILL
HG1700 AG22 X X X X 1MHz 745E-09 1.16E-10  AGLL
HG1700 AGO3 X X X 1MmHz 745E-09  1.16E-10  AGll
X X X X 1MHz 1.49E-08  1.16E-10
HG1700 AG21 X X X X 1MHz 1.49E-08  1.16E-10
HG1700 AG04 X X X 1MHz 9.76E-04  1.90E-06  AGO4
HG1700 AG24 X X X X 1mHz 745E-09  5.72E-04 NI
HG1700 AG09 X X X 1mHz 7.45E-09  1.16E-10 NI
HG1700 AE03 X X 1wmHz 2.00E-27  2.00E-33 NI
HG1700 AE04 X X X 1MHz 2.00E-10  2.00E-19 NI
HG1700 AE05 X X X 1mH 2.00E27  2.00E-33 NI
HG1700 AE09 X X X X 1MHz 2.00E27  2.00E-33 NI
HG1700 AE11 X X X X 1MHz 2.00E-27  2.00E-33 NI
HG1700 AE12 X X X X 1MHz 2.00E27  2.00E-33 NI
HG1700 AE13 X X X X 1wmHz 2.00E-27  2.00E-33 NI
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@ ADAPTATION PARAMETERS [ALIGNMENT]

POD IMU IMU
BODY TO SENSOR ALIGNMENT C - C - C
BODY POD BODY

Experience has taught, this topic is crucial to correct performance of the simulator. Tapestry
nominally configures the IMU/IRU case frame - the frame in which the Output Inertial Data is
referenced - in perfect alignment with the vehicle BODY frame. The BODY frame is aligned with
the vehicle Nose (Forward), Right Wing, and Down axis. There is a third modeled frame, the
Navigation-POD frame. This frame is the mounting frame for the sensor CASE frame. This allows
the IMU to be mounted at an offset relative to the carrying POD. By Default the POD isa UNIT
matrix thus equating the POD and CASE axis.

The figure illustrates the three coordinate frames and associated notation. The shown alignment of
the POD and CASE are illustrative.

BODY FRAME

POD FRAME

AB,PP AV, POP

RIGHT WING CASE FRAME

AezPOD AVZPOD
AO CASE AV CASE
zZ zZ

AOXCASE AVXCASE

AeyCASE AVyCASE

This document provides the details of our Matrix definitions and Operations.
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EE’:{% ADAPTATION PARAMETERS [ALIGNMENT]

If you wish to specify a different alignment, the Adaptation Parameters controls are provided.

Rojate about NWD to POD

— | wter Angies.
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EXAMPLE
Euler Angles, Rotation Order YPR

POD Angles =0 (NO POD)

Enter Rotation Angles Specify Rotation Order

Resultant Rotation Matrix

(computed by Tapestry)

Resultant BODY to CASE Matrix
(computed by Tapestry)

POD
c Rotate about NWD td POD
BDY
Euler Angles—Y——
of
3 Flss=d 1.0000 POD - X 0.9824088 -0.0667227 -0.1744162| NOSE
' el Fe] B o
. AN ENENEEN
ST 10.0000 POD - Y 0.0686967 0.9976235| 0.0052987, RWING
now g (noupn (@)Roee0
3 o
S =k -4.0000 FIOH 1 (@) Frokiom () Frct om POD.Z 0.1736482| -0.0171873| 0.9846578) DOWN
@ uwm (Ewe () wwe
Use Euler Angles. ["] Use Direction Cosines o
-
-y
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Euler Angles.
°
= " POD-X 0.0000 N IMU-EX 1.0000000] 0.0000000| 0.0000000| pgD
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o W= E E < [
% .pop-Y 0.0000 - - IMU-cY 0.0000000 1.0000000| 0.0000000| P4D
¥ Ox ©Ox @x
B g PoR-Z 0.0000/ - ; _?_; ; MU-cz 0.0000000 0.0000000| 1.0000000| PQD-Z
|| Use Direction Cosines

Use Euler Angles

EXAMPLE
Euler Angles, Rotation Order YPR
POD Angles, Rotation Order ZY X

POD
cm Rotate about NWD to POD
Euler Angles-
5. ) °
o 10000 ] el [l frd m oD -x
“';prrcu-w 10.0000]5. [§] = [:5;] [:5;] [] x [g] e
mou
o BT
5 Gowe ewe e
|| Use Euler Angles.
My
c’“ Rotate about POD to IMU CASE-XYZ
Euler Angles-
3 pop. 0000/°
3)( POD - X 11:01:1:‘l [3] =[ ] [] [] . [2] IMU-CX
oo B woer
3z-pon-z 3.0000]" n; °; ; IMu-cz

Use Euler Angles.

0 Angle = No POD (UNIT Matrix)

0.9824088 -0.0667227
0.0686967 0.9976235
0.1736482 -0.0171873

| Use Directien Cosines

-0.1744162|

0.0052957| RWING

0.3846578| DOWN

0.9980212 0.0529362
0.0523041 0.9984456
0.0348995 -0.0174418

| | use Direction Cosines

-0.0339330

EJR

POD - X

0.0192547 POD-Y

0.9992386 POD-Z

NAVIGATION LABORATORIES INC

-
- dn 4
024088 -0.048T2XT BATANED  NOSE
BATIAEY B.81TIETY O.MSETE  DOWN
4 Moad Oniy
CaC
wsraaeno)|  acasrare]| -asrseos] osm
-
T e
4 Rend Only



READ ONLY
User defines the BODY to CASE Transformation Explicitly

o

SR

oY= g o
0206600 -0.0365001 -u_.w:z: DOWN
L

e

ADAPTATION PARAMETERS [ALIGNMENT]

e G G

A

Controls are READ ONLY if Checked
computed from input Euler Angles

UN-CHECKED, User entered values define the Matrix.
Euler Angles are ignored

MATRIX MULTIPLICATION CONVENTIONS
User controls Rotation Matrix Order Conventions

POD
EDY

POD
BDY

Rotate about NWD to POD

Euler Angles-

"'"-ROI-I--N 1.0000 "

- [
10.0000

.
-4.0000

2 .piITcH-W
w

% .yaw -p
3

Use Euler Angles

Rotate about NWD to POD

Euler Angles-

“"-ROI-I--N 1.0000

% .piTcH- W 10.0000]
3 X
°

3
SUL ob -4.0000

[§]=;;:

Use Euler Angles

-

USE DIRECTION COSINES
User specifies Intermediate Direction Cosines Explicitly.

POD
cln'

Rotate about NWD to POD
Euler ngles

# . moLL - M
N

. pITCH - W
w

@
- YAW D 4.8000
o

Use Euler Angles

1::: (HENENERN

Direction Cosines———————

POD - X 0.9824088 -0.0667227 -0.1744162, NOSE
g] POD-Y 0.0686967 0.9976235 0.0052987) RWING
POD-Z 0.1736482 =0.0171873 0.9846578| DOWN
|| use Direction Cosines
R(vaw) R(pitcH) R(roLL)
POD - X 0.9824088 -0.0686967 -0.1736482 NOSE
POD-Y 0.0727690 0.9972007 0.0171873| RWING
POD-Z 0.1719814 -0.0295211 0.9846578| DOWN
| | Use Direction Cosines
(roLL) R(prrcH) R(vaw)
e gn o
(= e
10000000 00000508 0.0000000 JOSE
- RE- LR 0.0000000  MOSE
POD-Y 0.0000000 -1.0000000 0.0000000 EWING
Y  GORGT -1.000000G DUIO000  MIGHT
POD - X 00006000 0.0000000 1.0000000 BOWN T BLBO0N00 00000000 ADON00S  DOWN
& < Pond Ouby

Euler Angles are ignored - Matrix used directly.
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@ IMU LEVER ARM

Enter offset of IMU sensor relative to

IMU LEVER ARM Vehicle cg.
—IN!R‘I'IAT MEASUREMENT UNIT SETUP—— m— weny 3
IMU SENSOR-TYPE HNYWL HG1700 - AGOB - E IMULEVERARM M 000 RW 0.00 0  0.00 [M] Relstive ts Vehicls 0O
Assigned Vehicle VEHIGLEI -~ L, orsieveram W] Lend Setup File E
OM AL h | o o o—— & -
I GPS ANTENNA LEVER ARMS-

CAIN ANTEWMA CLY PATTERN RP1 1 M
f Ty - |

VEHICLE1 ~ ANTENNA4 ~ LUl ~ RF1 ~

= ¢ R = e

T

Check this if your GPS Antenna Lever
Arm is specified relative to the IMU

NAVIGATION LABORATORIES INC 7



E'TF!%’ SENSOR ERROR MODELING

ACCELEROMETERS

TAPESTRY models a triad of three accelerometers mounted in the sensor case frame [Av°]. An
error model is provided that can be used to support analysis and design.

Accelerometer Case-Axis Error Model

MNoise x 0

1] £ 0 ug /4 Hz
Bias X 0 1] Z 0 ug
Scale Factor x 0 ¥ 0 Z 0 PPM
Misalignment ¢, 0 ¢y 0 bz 0 milli radian

Each sensitive axis is modeled independently.

Press this button and Tapestry will randomly select the values in
the controls by assuming the user-entered values represent a one-
sigma

The Error Model is:

AV® = AU +B+(1+)Av' + @XAv' + oW

Where Av' is the TRUE delta velocity based upon the Truth Data, Av® is the measured Delta
Velocity output in the CASE frame via the MFIO. The remaining terms are defined as follows:

Noise (¢ W)

o is the standard deviation of a gaussian white noise process (W) used to apply jitter to the
output delta velocity. This error is typically due to sensor measurement electronics. Enter
the value for each case axis (X, y, z) in units of micro G (ug). A micro-G is given by

1pg = 1.0x 10°G ~ 0.00001 m/s’
Bias (B)

This value corresponds to the non-zero accelerometer measurement output for a zero
applied acceleration input. The units are ug’s with 1 ug ~ 0.00001 m/s’

Scale Factor (o)

A non-zero scale factor causes the output delta velocity to be in error proportional to the
true acceleration, input along the defined axis. The input units are parts-per-million (PPM).
1PPM=1.0x10°

Misalignment (o)

The accelerometer triad is aligned in an orthogonal triad along the Case Sensitive Axis.
This item represents a small error in the alignment. This error causes a sensed acceleration
to be projected into one of the cross Case axis. The input units are milli-radian or 0.001
radians. The labels on the data field indicate the axis mixing — for example @xy rotates [y]
acceleration into the [x] case axis.
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SENSOR ERROR MODELING

RATE SENSORS ( GYRO )

TAPESTRY models a triad of three gyroscopic-type angle measuring devices mounted in the
sensor case frame [A8 ©]. An error model is provided that can be used to support analysis and

design.

Rate Sensor Case-Axis Error Model

Moise i ||
Bias ||
Scale Factor x o

Misalignment &, 0

The Error Model is:

y 0 z 0 °/ Hr /¥Hz
y 0 z 0 °/ Hr
y 0 z 0 PPM
By 0 i 0 milli radian

Each sensitive axis is modeled independently.

Press this button and Tapestry will randomly select the values in
the controls by assuming the user-entered values represent a one-
sigma

AB° = ABT +B+(1+a)A0' + QXA + oW

Where [A0'] is the TRUE Delta Angle based upon the Truth data, [A@°] is the Delta Angle in the
Case frame output via the MFIO.

Noise (ow)

o is the standard deviation of a Gaussian white noise process (W) used to apply jitter to the
output Delta Angle. This error is typically due to sensor measurement electronics. These
errors are applied per each case axis (X, Y, z) in units of degrees per hour

Bias (B)

1 °/hour =~ 4.85 x 10°® radians/sec

This value corresponds to the non-zero integrated vehicle rate measurement output for a
zero applied input rate. The units are °/hour ~ 4.85 x 107 radians/sec.

Scale Factor (o)

A non-zero scale factor causes the output Delta Angle to be in error proportional to the true
input vehicle attitude rate input along the defined axis. The scale factor defines the
proportionality constant. The input units are parts-per-million (PPM). 1 PPM = 1.0 x 10°®

Misalignment (o)

The gyro sensitive axes are mounted very accurately in an orthogonal triad in the Case
axis, however there may be some small residual error in the alignment. This error causes a
sensed attitude change to be projected into one of the cross orthogonal case axis. The input
units are milli-radian or 0.001 radians.
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E'TF&%‘ MISCELLANEOUS SETUP ITEMS

Msc Data ltems (may not be relevant for all IMU types)

Use External Data Clock (otherwise use MFIO clock) Use Internal Data Clock switching to UE Clock after 0 Seconds

Continuous Idle Flags @ Continuous Closing Flags Status Word #1 0 Status Word #2 0

Status Word 1 and 2

For the Honeywell and Litton SDLC sensors, a status word is output along with the navigation
data. These fields are initialized to the appropriate default values. You may change the values if
you desire. We point you to the appropriate sensor description documentation for the correct values
required in these fields.

Idle Mode and Closing Flag Status
For the high rate Honeywell and Litton SDLC sensors, an opening and closing flag identify the
beginning and termination of the navigation and autopilot data. This check box controls whether

the sensor outputs continual closing flags when no inertial messages are scheduled for output.

Data Clock Options

The MFIO contains its own 1 MHz data clock. This can be used as the timing source for the output
of the navigation and autopilot data. If required for your system, the MFIO can accept an external
data clock from the host vehicle.

Check this if the UE sources the Data Clock Use External Data Clock {otherwise use MFIO clock)
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?&\} DEBUG AND ANALYSIS TOOLS

Very useful, we used these features extensively when debugging the IMU models.

Dump-File Columns labeled if Checked

Check to Switch Sign unconditionally

| &Tme

Tools
74+ Vertiage —~ -
InClUde EFfOr ——— P s/o Bevor ooy | L2 Shew WUACASE Data !,ﬂ Show mu-800v ow | L7
Model in ——— A
computations | & | -

Compute Output Delta Velocity and Delta Angle in IMU
CASE Frame.
Uses the ADAPTATION PARAMETERS

Dumps to ASCII file

BINARY Output File Manipulations (for Debug)

Select the Truth Component to enter
into the selected Data slot. Eg. In the
""" structure store the *"Y** value...

Binary output file can be positioned
backward/forwards in intervals of +0.01 sec

Compute Output Delta Velocity and Delta Angle in BODY Frame.

Does NOT use the ADAPTATION PARAMETERS.

Dumps to ASCII file
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