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About this Manual
The following annotations have been used to provide additional information.

XNOTE

Note provides additional information about the topic.

X EXAMPLE

Examples are givermtoughout the manual to help the reader understand the terminology.

P IMPORTANT

This symbol defines items that have significant meaning to the user

/A WARNING

The user should pay particular attention to this symbol. It means there is a chance that
physicalharm could happen to either the person or the equipment.

The following paragraph heading formatting is used in this manual:
1 Heading 1
1.1 Heading 2

1.1.1 Heading 3

Normal

Page vi
Doc# 7430-3810 Rev. 02



DMU380ZA SeriesUs er 6 s Ma | MEMS

1.1 Manual Overview

1 Introduction

This manual provides a comprehensive introductiddEMSICO6 BMU380ZA Series
Inertial SystenproductyDynamicM easurement/nit 380ZA). For users wishing to get
staredquickly, please refer to the twage quick start guide included with each
evaluation kitshipment. Table1 highlights thecontent in each section aadggestfiow

to use this manual

Table 1 Manual Content

Manual Section

Who Should Read

Sectionl:

ManuaDverview

All customers should read sedtibandl.2

Section2: Customers designing the electrical and meiotenfizeczd to the DMU3804
series productBould read Sectibn

Interface

Section3: Allcustomers should read Segtion

Theory of Operation As thdMB80ZASerieproducts are intetated, use the dhat the
beginning of Sect8toensure that you get an overview of all of the fut
and features of y@M380Z/Seriesystemi-or example, if you have
purchasedndNS380ZAyou should read not only the sectiori 88GZA
but also familiarize yourself with the theory of operatidB80ife
V&@B80ZAandAHRS880ZAThelNB880ZAuilds on the capabilities of the
IMUB80ZAVE@B80ZAndAHRS80ZA

Sectiord: Customers who want product configuration tips for opeMtBROHE

Application Guide

Seriednertial Systems in a wide range of applidateshsving, rotary win
unmanned vehicles, haghiclesmarin@esselsandmore, shouldview the
part of Sectidrhat is relevant to your applichlimd@NSand AHRS
DM380ZASeriesunits are preconfigured for airborne applications wit
fin or ma tsd/QGEOY Beaxies iunits are preconfigured for land
applications with AlIBM3SaZMeriesprodects
allow for complete flexibility in configuratiarmsbky. the

Sectiort:
SPI Port Interface

Customers designing the software interfac@Mb889ZA series produc
SPI Port should review Segtion

Section6-9:
UART Port Interface

Customers designing the software interfaéaM889ZA series produc
UART Port should review Sedsidns

Doc# 7430-3810 Rev.02

Page 1



DMU380ZA Series Us er s Ma | MEMS>

1.2 Overview of thBMIB80ZASeriesinertial Systems

This manual provides a comprehensive introduction to the U4EBISICS s

DMU380ZA Seriesnertial System productstedin Table2. This manual is intended to

be used as a detailed technical reference and operating MEMSICO BMU380ZA
Seriegproductscombine the latest in higherformance commercial MEMS (Micro
electromechanical Systems) sensors and digital signal processing techniques to provide a
small, costeffectivealternatve to existing IMU systems

Table 2 DMU380ZA Series Feature Description

Product Features

IMUB80ZA-200;209;409) 6-DOF Digital IMDOF Digital IM8tandard RangeD®F Digital IMigh Range

V&@80ZA-200+400) 6-DOF IMlus Roll arRitchStandard Range, High Range

AHRS80ZA-200,-400) 9-DOF IMWB{AXS Internal Magnetometer)Rdlis Pitch, and Headtandard Range
High Range

INS880ZA-200,-400) 9-DOF IMU {Bxis Internal Magnetomeih)interface for Exte@BRS Receivplus
Positionyeleity Roll, PitclandHeadingtandard Range, High Range

TheDMU380ZA Seriess MEMSIC6 fourth generation of MEMSased Inertial
Systemsbuilding on over a decade of field experienaadencompassing thousands of
deployed units and millions of operational hours in a wide range of taarine,
airborne, and instrumentation applications.is designed for OEM applications.

At the core of th&MU380ZA Serieds a rugged @©OF (Degrees of Freedom) MEMS

inertial sensor cluster that is common across all members DiMB80ZA Series The

6-DOF MEMS inertial sensor cluster includes three axes of MEMS angular rate sensing
and three axes of MEMS linear acceleration sen3ingse sensors are basettugged,

field provensilicon bulk micromachining technologiach sensor within the clestis

individually factory calibrated for temperature amshtlinearity effectsduring

MEMSIC6 s manuf act ur i ng awwomatediterenal tharmpbergpaneérats u s i
tables.

Coupled to the ®©OF MEMS inertial sensor géter is a high performance

microprocessor that utilizes the inertial sensor measurements to accurately compute
navigation information including attitude, heading, and linear velocity thru dynamic
maneuvergactual measurements are a function ofiMU380ZA Seriesproductas

shown inTable2). In addition theprocessor mads use of internal magnetic sensor and
externalGPS datao aid the performance of the inertial algorithms and help correct long
term drift and estimate errors from the inertial sensors and computations. The navigation
algorithm utilizes a multstate configurable Extended Kalmiitter (EKF) to correct for

drift errors and estimate sensor bias values.

Another unique feature of tH2MU380ZA Seriess the extensive field configurability of
the units.This field configurability allows th©®MU380ZA Seriesof Inertial Systems to
satisfy a wide range of applications and performance requirements with a single mass
produced hardware platformhe basicconfigurability includes parameters such as baud
rate(UART), clock speed (SPIpacket type, and update rate, aneladvanced
configurabilityincludesthe definingof custom axes and how the sensor feedback is
utilized in the Kalman filteduring the navigation process.

The DMU380ZA Series is packaged in a ligteight, rugged, unsealed metal enclosure
that is designed for cesensitive commercial and OEM applications. The DMU380 can
be configured to output data over a SPI Port or aléeel UART serial port. The port

Doc# 7430-3810 Rev. 02 Page 2
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choice is user controlled by grounding the appropriate pin on the connector. The
DMU380 | ow | evel UART output datvEEWRBHErt i s
a powerful PGbased operating tool that provides completie fimnfiguration,

diagnostics, charting of sensor performance, and data logging with playback.

Doc# 7430-3810 Rev.02 Page 3
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2 Interface
2.1 Electrical Interface

2.1.1 Connector and Mating Connector

The DMUS380ZA main connector is a SAMTHEI M-110-02-F-DV-P defined inFigure
1. The mating connector that can be used is the SAMTEC-CLO/D2.

REF

PIN1

——PIN 2
e ra=a
= BB =
— mE |5
=Fris
==
= mE |=

;‘ gg = —PIN 19
=] E’E/Z/

~— —REF

PIN 20

Figure 1 DMU380ZA Interface Connector

The connector pin definitions are definiadlrable3.

Table 3 DMU380ZA Interface Connector Pin Definition

Pin Signal
1 Reserved factory use only
2 Synchronization InputlKHz Pulseused to synchroniz8Pl Conm / 1PPS
3 SPI Clock (SCLK) / UART TX
4 SPI Data Output (MISO) / UART RX
5 SPI Data Input (MOSI)
6 SPI Chip Select (SS)
7 Data Ready (SPI Communication Data Ready) ASRRT Port Select
8 External Reset (NRST)
9 Reserved factory use only
10 Power VIN (35 VDC)
11 Power VIN (35 VDC)
12 Power VIN (35 VDC)
13 Power GND
14 Power GND
15 Power GND
16 Reserved factory use only
17 Reserved factory use only
18 Reserved factory use only

Doc# 7430-3810 Rev. 02 Page 4
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19 Reserved factory use only
20 Reserved factory use only

2.1.2 Power Input and Power Input Ground

Power is applied to the DMU380ZA on pins 10 through 15. Pirk51&e ground; Pins
10-12 accepts 3 to 5 VDC unregulated input. Note that these are redundantpmwner
input pairs.

A WARNING

Do not reverse the power leads or damage may occur.

2.1.3 Serial Data Interface

The user can select the serial interfased withthe DMU380ZAby controlling the logic
level on connector pin 7 at system startifppin 7 is left flating then the DMU380ZA is
configured for SPI communications on ping.3Pin 7 isset as an output aned as the
DATA READY discrete for SPI communicationgdditionally, theuser can synchronize
the output data on the SPI port by providing a 1 KHmiirpulse on Pin 2. For the
complete SPI interface definition, please refer to Se&ion

If the connector pin 7 is grounded then the DMU380ZA is configurelbfatevel

UART output on pins 3 and 4. This is a standard UART asynchronous output data port.
For the complete UART interface definition, please refer to Sedsi@sNote that the

two output port interface methods are controlled independently from each other. The
UART port output controls apply only to data being outmgr the UART port, and the

SPI output controls apply only to data being output over the SPI port.

2.1.4 External GPS AidifgG380ZA, AHRS380ZA and INS380ZA

The VG380ZAAHRS380ZA/INS380ZAallows the use oain external GPS receiver t
be connected theecondary UART porfThe wser is required to configure the GPS
receiver to output the GPS messagestteDMU380ZA SeriegxpectsTable4 shows
the supporté GPS potocols and guidelines for configuratiadote that the details of the
GPS messages can be found in the respective GPS protocol docUinentser must
configure the VG/AHRS/INS380ZA to accept external GPS information using-NAV
VIEW as described in Appélix A. If the VG/AHRS/INS380ZA is parsing valid
external GPS data and the GPS receiver has 3D lock, then the comStatus
noExternalGPS flag will be zero, otherwise it will be one. Segtion9 for a complete
description of system status indications.

Since NMEA protocol does not provide vertical velocthe vertical velocity thathe
DMU380ZA Seriesestimategbasedupon GPS altitude changemay not be sufficiein
for airborne applicationseeTable4). Therefore, the NMEA protocol is not
recommended for airborne applications.

Table 4 External GPS Receiver for VG/AHRS/INS380ZA

Protocols Required Messages Required Message Rate | Baud rate

Ublox binary NAVLLH, NAWYELNED, | 4 Hz 9600, 19200, 38400,
NAVSTATUS 57600

NovAtel OEM4 an BestPosB, BestVelB 4Hz 9600, 19200, 38400,

OEMV Binary 57600

NovAteDEM4 PosVelNavDopA 4Hz 19200, 38400, 57600

ASCII

Doc# 7430-3810 Rev.02 Page 5
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NMEA* GPGGA, GPVTG 4Hz 9600, 19200, 38400,
57600

*N ot recommended for airborne applications.

** 57600 is the preferred baud rate for optimum performance

Thesecondary UARTport should be configured &databits, 1 start bit, 1 stop bityo
parity bit,and no flow control.

2.1.4.1 1 PPS Input Interface

When using external GPS aiding fo¥&/AHRS/INS380ZAsystem, Pin 2 should be

used for he 1PPS input signéb force synchronization of sensor data collattio a 1Hz
rising-edge signal. The signal must maintain0.p V zero logic and 3:6.0 volts high

logic and stay within 100ms of the internal system 1 second timing. Sending this signal
to the system will align the sensor data collection and algoptiacessing to its rising

edge and 10ms boundaries thereafter. When the system is synchronized to 1PPS, the
hardwareStatus unlocked1PPS flag will beero;otherwise, it will be one.

2.1.4.2 SPI Com Synchronization Input

If the user does not have 1PPS availablmfem external GPS receivénen Pin 2 can be
used as a sync pulse to force synchronization of sensor data collection to a 1 KHz rising
edge signalor output over the SPI port

2.1.4.3 External GPSReceiverAntenna Connection

TheexternalGPS receiver needs teceive signals from as many satellites as possible. A
GPS receiver doesndédt work properly in nar
objects or human beings cover the antenna. Poor visibility may result in position drift or a
prolonged TimeT o-First-Fix (TTFF). A good sky visibility is therefore a prerequisite.

Even the best receiver candédt makamd up f or
jamming or a poor RF cablé?lacing the antenna on a 4 inch or larger ground plane is

highly recommended

P IMPORTANT
Place the antenna with optimal sky visibility and use a ground plane. Route the GPS
Antenna RF cable away from sources of radiated energy (i.e. switching power supplies).

2.1.5 Reserved Factory Use Only

During normal operation of the DMU380ZA, no connection is made tRéserved
factory use onlypins. These pins have internal pufi mechanisms and must have no
connections for the DMU380ZA to operate properly.

2.2 Mechanical Interface

The DMU380ZA mechaical interface is defined by the outline drawingrigure?2.

Doc# 7430-3810 Rev. 02 Page 6
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4X ©2.50 THRU

33.40 37.70

PIN 20

2.30

Figure 2 DMU380ZA Outline Drawing
NOTES UNLESS OTHERWISE STATED:

1) MATING CONNECTOR SAMTEC CLM110-02
2) DIMENSION TO CENTROID OF PIN ONE

3 Theory of Operation

This section of the manual covers detailed theory of operation for each member of the
DMU380ZA Seriesstarting with thebasiclMU 380ZA and then reviewing each major
variant (VG, AHRSand INS) with their associated additional features, outputs, and
performanceTable5 shows the basic features of ranember of th®MU380ZA Series
with cross references important sectionfor review.

Table 5 DMU380ZA Series Overview

Product Features Learning More

IMUBB0OZA 6-DOHAMU 9DOF IMU Read3.1and3.2

V@&B80ZA 6-DOF IMU ReadB.1, 3.2 and3.3
Roll,Pitch

AHRS80ZA 9-DOF IMU {8xis Internal Magnetometer) Read3.1, 3.2 3.3and3.4
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Roll, Pitch, and Heading

INSB80ZA 9-DOF IMWB{AXis InternMagnetometer and exterr] Read.1 3.2 3.33.4and3.5
GPS Receiver

PositiorDynamic VelociRoll, PitckandHeading

Figure3 shows theDMU 380ZA Serieshardware block diagramt the core of the
DMU380ZA Serieds a rugged @©OF (Degrees of Freedom) MEMS inertial sensor
cluster that is common across all membersieXMU380ZA Series The 6DOF MEMS
inertial sensor cluster includes three axes of MEMS angular rate sensing and three axes of
MEMS linear acceleration sensinghese sensors are basedrugged, field proven

silicon bulk micromachining technologiach sesor within the cluster is individually
factory calibrated usinfIEMSIC6 automatednanufacturing process. Sensor errors are
compensated for temperature bias, scale fastor|inearity and misalignment effects
using a proprietary algorithm from data cotled durirg manufacturing. Accelerometer
andrate gyro sensor bias shifts over temperat#t@’C to +71°C) are compensated and
verified using calibrated thermal chambers and rate tables.

The 6DOF inertial sensor cluster data is fed into a high spemalsprocessing chain,
which provideghe sensor compensation and digital filterinbhe processoalso
calculatesattitude and nagiaion data for the appropriate models (VG, AHRS and INS)
Measurement data packets are available at fixed continuqust oates or on a polled
basis from the SPI port or the UART port. The SPI port outputs data via registers, and
the user can perform polled reads of each register, or a block burst read of a set of
predefined registers. Output data over the SPI porbeaynchronized to an external 1
KHz pulse. Alternatively, users can input a 1 PPS signal from an external GPS receiver
when providing external GPS data over the secondary UART?2 Poet.complete SPI
interface is defined in Section 4. The UART portpots data packets are asynchronous
and defined in Sectionsa As shown in the block diagraffigure3), theINS380ZA
andAHRS380ZAinclude an internal-a&xis magnetometer
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: System Digital Outputs and Inputs
XIYlzZ

I High-Speed n X .
> m UARTL (Pins 3,4) or SPI (Pins 3-6)

Gyros Sampling & ]
m MEMSIC Serial Protocol (UART1)
+ UART1 [ ]
g SPI Registers (SPI)
xiyiz ~ Sensor SPI <_’:

m X /Y /Z Acceleration

Accelerometers Compensation /

A
A 4

]
m Roll / Pitch / Yaw Rate

Filtering
]
- > + m X /Y /Z Magnetic Fields (INS/AHRS only)
emperature UART2 .
Navigation & [ ]
sensor Attitude :
" Kalman Filter | m  UART2 External GPS Input
(VG/AHRS/INS)

6-DOF Sensor

Cluster

SPI Com Sync 1 KHz Pulse
External GPS 1 PPS Input
Pin 2

XIYlz

Magnetometers

Figure 3 DMU380ZA SeriesHardware Block Diagram

Figure4 shows the software block diagraithe 6DOF inertial sen sor clustedatais

fed into a highspeed200Hz signal processing chaifhese 6DOF signals pass thugh

one or more of the processing blocks and these signals are converted into output
measurement data as showteasurement data packets are available at fixed continuous
output rates or on a polled basitie type of measurement data packets available depends
on the unit type according the software block diagram afidble5. Aiding sensor data

is used by an Exteed Kalman Filter (EKF) for drift correction in thiiNS, AHRS and

VG Series product8uilt-In-Test and Status data is available in the measurement packet
or via the special Status PacR&x

As shown in the software block diagram, BiglU380ZA Serieshas a it setting and
profile block which configures the algorithm to user and application specific ngads.
feature is one of the more powerful features inDIMIJ380ZA Seriesarchitecture as it
allows theDMU380ZA Serieso work in a wide range of commerkapplications by
settings different modes of operation for tiglU380ZA Series
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Figure 4 DMU380ZA Series Software Block Diagram

Simplified functional block diagrams fdNS, AHRS and VG seriegroducts derived

from Figure4 are shown irFigure5 to highlight key features of each product. The
DMU380ZA Seriesproducts are maly differentiated by types of aiding sensors used in
the EKF for the drift correction of theBOF inertial sensor cluster.

For the AHRS product, a&xis magnetometer is used for correcting the drift on
yaw/heading angld-or the INSproduct, a 3axis magnetometer and a GPS receiver are
used for correcting the drift on yaw/heading angle, increasing the accuracy of the attitude
estimation by incorporating these sensor signals into the EKF, and providing a navigation
solution.The common aiding sensor fibre drift correction for the attitude (i.e., roll and

pitch only) is a 3axis accelerometer. This is the default configuration for the VG product.
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accals, . mags, Mocats rates mags,
atttude, veloaty, GPS position Atitude

(&) NAV Mode (NAYED or AHR S0 with Extanay’' GRS) (h) AHR'S tdoda (AR S440 or NAVASE we loss of GRS
Is, rates,
accals, rates, B T s
attitude, velocity, GPS posiion stitude (headinglyaw
free drifting)

I

fc} WGS Mode [ VEL0 with Exlamal GRS) (@) VG Mado (V5440)

Figure 5 Functional Block Diagram of INS, AHRS and VG Default Operating Mode

3.1 DMUB80ZASeriesDefault Coordinate System

The DMU380ZA Seriesnertial System default coordinate systeaneshown inFigure6
andFigure?7. As with many elements of tHeMU380ZA Series the coordinate system
is configurable wih eitherNAV -VIEW or by sending the appropriate serial commands
over the UART portThese configurable elements are knowddganced SettingsThis
section of the manual describes the default coordinate system setting®bfWE80ZA
Serieswhen itleaves the factory.

Yaw

Pitch

+X +Y

+Y

Pitch

Yaw

+Z

Figure 7 IMU380ZA (-209,-409) VG/AHRS/INS380ZA €200,-400) Default Coordinate Frame
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The axes form an orthogonal SAE rigtended coordinate systeAcceleration is
positive when it is oriented towards the positive side of the coordinatd-axiexample,
with aDMU380ZA Seriesproductsitting on a level table, it will measure zero g along
the x and yaxes andl g along the-axis.Normal Forceacceleration is directed
upward and thus will be defined as negative for U 380ZA Seriesz-axis.

The angular rat sensors are aligned with these same &tesrate sensors measure
angular rotation rate around a given aXige rate measurements are labeled by the
appropriate axisThe direction of a positive rotation is defined by the Figdnd rule.

With the thunb of your right hand pointing along the axis in a positive direction, your
fingers curl around in the positive rotation directibor example, if th©MU380ZA
Seriesproductis sitting on a level surface and you rotate it clockwise on that surface, this
will be a positive rotation around theaxis. The x and yaxis rate sensors would

measure zero angular rates, and thgig sensor would measure a positive angular rate.

The magnetic sensors are aligned with the same axes definitions and sign aarthe line
accelerometers. For example, when oriented towards magnetic North, you will read
approximately +0.25 Gauss along X, 0.0 Gauss along Y, and +0.35 Gauss along Z
direction (North America)Magnetic values at other geographic locations can be found at
http://www.ngdc.noaa.gov/seg/WMM/DoDWMM.shtml

Pitch is defined positive for a positive rotation around taeig (pitch up)Roll is
defined as positive for a positive rotation around tais (oll right). Yaw is defined as
positive for a positive rotation around thewas (turn right).

The angles are defined as standard Euler angles usi¢glasgstemTo rotate from the
body frame to an earllevel frame, roll first, then pitch, and thenwa

The position output from GPS is represented in Latitude, Longitude, and Altitude (LLA)
convention orthe WGS84 EllipsoidThis is themost commonly used spherical

coordinate systenT.he GPS velocity is defined in North, East and Down reference

frame. The users can convert this into Cartesian coordinate system Fzatied

Centered, Eartirixed (ECEF). ECEF uses thrdanensional XYZ coordinates (in

meters) to describe the locationadGPS user or satellite. Several online resources are
available to help users with this transformation. For example, refer to the application note
on MEMSIC website http://www.memsic.com/support/documentation/inertiat
systems/category/@application-notes.html|

3.1.1 Advanced Settings

TheDMU380ZA Serieslnertial Systems have a number of advanced settings that can be
changedThe specific settings avaible vary from unit to unit, and a detailed description

of each unit (IMU, VG, AHRS, antNS) is found in the subsequent sections of this
manual All units support baud rate, powep output packet typeutput ratesensor low
pass filtering, and custonxes configuration.The units can be configured usiNgV -

VIEW, as described in Appendix, And also directly with serial commands as described
in Sectiors 6-9.

3.2 IMUB80OZAT heory of Operation

The product naméMU 380ZA, stands for Inertial Measurement UB&0, and the name
is indicative of the inertial measurement unit functionality thattig380ZA provides
by providing inertial rate and acceleration data-iD@F (six degrees of freedom). The
IMU 380ZA signal processing chain consists of tAB@F sensor clster,programmable
low-pass filtersand the signal processor for sensor error compensatieriviU 380ZA,
as with otheDMU380ZA Seriesvariants, has a UART input/output port and a SPI
input/output port
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After passing thru a digitally controlled prograsote lowpass filter, he rate and

acceleration sensor signals are obtained at 20Dz sensor data istilredby the

processousing FIR filters.The factory calibration data, stored in EEPROM, is used by
theprocessoto remove temperature bias, migament, scale factor errors, and non

linearities from the sensor datdditionally any advanced user settings such as axes

rotation are applied to the IMU dafehe 20Hz IMU data is continuously being

maintained inside thiMU 380ZA, and is available &00Hz on the SPI output port
registersDigital IMU data is output over thdART portat a selectable fixed rate (100,

50, 25, 20, 10, 5 or 2 Hz) or on as requested bagisqusit he GP, 60Get Pack
The digital IMU data is available in one of sealemeasurement packet formats including
Scaled Sensor Dattahd 60Sd&l edcEengor Dat a (
in scaled engineering unit§ee Sectio of the manual for full packet descriptions.

P IMPORTANT

The DeltaTheta, DeltaV packet is only recommended for use in continuous output mode
at5Hz or greaterPolled requests for this packet will produce values accumulated since
the last polrequest, and thus, are subject to overflow (data type wrap around).

3.2.1 IMWB80ZAAdvanced Settings

ThelMU 380ZA advanced settings are described @ble6. All of the advanced settings
are accessible thiNAV -VIEW under the Configuration Menu, Unit Configuration
setting. For a full definition of the SPI port please see sediion

Table 6 IMU380ZA Advanced Settings

Setting Default Comments

Baud Rate 38400 baud | 9600, 19208760&lsocavailable

Packet Type 0 Slalsoavailable

Packet Rate 100Hz This setting sets the rate at which selected PagkatKstsere outpit.

polled mode is desired, then select IQQieiet is selected, iA&B80ZA
will only send measurement packets in responsarimeais.

Orientation SeeFigures To configure thes orientatigrselect the desired measuremesaicfor
andFigure. axs: NAWIEWwill show the corresponding imagd M{B88ZAso it
easy to visuzt the mode of operatreier to &tior8.40rientatioRield
settings for the twenty four possible orientation settings.

FilterSettings (5,| 20Hz The low pass filters are set to a def@Hizofo? the accelerometers, @n

10, 20, 50 Hz) Hz for the angular rate senshese is one filter setting fima# angular
rate sensor$here isre filter setting for all tlmelerometers

BIT Seed.1

NOTE on Filter Settings

Why change the filter setting&enerally there is no reason to change thepass filter
settings on th&VU 380ZA or otherDMU 380ZA Seriesinertial Systera. However, when
aDMU380ZA Seriesproduct is installed in an environment with a lot of vibration, it can
be helpful to reduce the vibratidrased signal energy and noise prior to further
processing on the sign#hstalling thelMU 380ZAin the target envirament and

reviewing the data witNNAV -VIEW can be helpful to determine if changing the filter
settings would be helpfublthough the filter settings can be helpful in reducing vibration
based noise in the sigh low filter settings (e.g.,Hz) alsoreducethe bandwidth of the
signal, i.e. can wash out the signals containing the dynamics of a Taegtthe filter
settings with caution.

Doc# 7430-3810 Rev.02 Page 13



DMU380ZA SeriesUs er 6 s Mal

MEM%>
3.2.2 IMWB80ZABuiltln Test

ThelMU 380ZA Built-In Test capability allows users of thdU 380ZAto monitor
health, diagnosti and system status information of the unit in-teaé. The BuiltIn
Test information consists of a BIT word (2 bytes) transmitted in every measurement

packetl n addition, there is a diagnostic pac
P a ¢ k e comma@® \Bhich contains a complete set of status for each hardware and
software subsystem in th&lU 380ZA. See Sectios6-8f or det ai l s on t he

The BIT word, which is contained within each measurement packet, is detailed below.
The LSB(Least Significant Bit)s the Error byte, and the MSBlost Significant Bit)is

a Status byte with programmable aleltternal health and status are monitored and
communicated in both hardware and softwaihe ultimate indication of a fatal problem
is the masterFail flag.

The masterStatus flag is a configurable indicationdchatbe modified by the usdrhis

flag is asserted as a result of any asserted alert signals whichd®n enablebee
AdvancedBIT (Section9) for detailsregading theconfiguration ofthe masterStatus
flags.Table7 shows the BIT definition and default settings for BIT programmable alerts
in theIMU 380ZA

Table 7 IMU380ZA Default BIT Status Definition

BlTstatus Field Bits Meaning Category
masterFail 0 0 = normal, 1 = fatal error has occurred BIT
HardwareError 1 0 = normal, 1= internal hardware error BIT
comError 2 0 = normal, 1 = communication BIT
softwareError 3 0 = normal, 1 = internal software error BIT
Reserved 4:7 N/A

masterStatus 8 0 = nominal, 1 = Alert, Sensor Over Range Status
hardwareStatus 9 Disabled Status
comsStatus 10 Disabled Status
softwareStatus 11 Disabled Status
sensorStatus 12 0 = nominal, 1 = Sensor Over Range Status
Reserved 13:15 N/A

ThelMU 380ZA also allows a user to configure the Status byte within the BIT message.
To configure the word, select the BIT Configuration tab from the Unit Configuration
menu.The dialog box allows selection of which status types to enable (hardware,
software, sensor, and comnh).the case of thiMU 380ZA which has fewer features and
options than othedMU380ZA Seriesproducts, the only meaningful parameter is sensor
overrange It is recommended that users leave the default configuration, which is
sensorStatus enabled and flag on sensorraveye.The overfrange only applies to the
rotational rate sensorBecause instantaneous acceleration levels due to vibration can
exceedlte accelerometer sensor range in many applications, none@¥tt880ZA
Seriesproducts trigger overange on accelerometer readings.

3.3 V&X@B80ZATheory of Operation

TheVG380ZA supports all of the features and operating modes dMble880ZA, and it
includesadditional internal software, running on tm@cessarfor the computation of
dynamic roll and pitchThe product namé&/G380ZA, stands for Vertical Gyr880, and
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it is indicative of the vertical gyro functionality that ti€&380ZA replicates by
providing dynamic roll and pitch measurements, in addition to the IMU thaéa.
dynamic roll and pitch measurements are stabilized by ihg e accelerometers as a
long-term gravity referencéJnlike the VG400 and eaer MEMSIC VG Series products,
theVVG380ZA can also output a free integrating yaw angle measuretimaig not
stabilized by a magnetometer or compass headingM3B&380ZA or INS380ZA for
stabilized heading)At a fixed 20Hz rate, th& G380ZA continuously maintains both
the digital IMU data as well as the dynamic roll and pitch degashown in the software
block diagranfigure4, after the Sensor Calibration block, the IMU datpassed into
an Integration to Orientation blo¢Rlease refer to theigure5 if external GPS aiding
will be used) The Integration to Orientation block integratesybédme sensed angular
rate to orientation at a fixed@ times per second within all of tB&MU380ZA Series
productsFor improved accuracy and to avoid singularities when dealing with the cosine
rotation matrix, a quaternion formulation is used in tigg@ihm to provide attitude
propagation.

As also shown in the software block diagram, the Integration to Orientation block
receives drift corrections from the Extended Kalman Filter or Drift Correction Moldule.
general, rate sensors and accelerometéier $Stom bias drift, misalignment errors,
acceleration errors {gensitivity), nonlinearity (square terms), and scale factor errors.
The largest error in the orientation propagation is associated with the rate sensor bias
terms.The Extended Kalman Filt¢EKF) module provides an ethe-fly calibration for

drift errors, including the rate sensor bias, by providing corrections to the Integration to
Orientation block and a characterization of the gyro bias $tetiee VG380ZA, the
internally computed graty reference vector provideg@ference measurement for the
EKF when the/G380ZAis in quasistatic motion to correct rolindpitch angle drift and

to estimate the X and Y gyro rate biBecause the gravity vector has no horizontal
component, the EKF Bano ability to estimate either the yaw angle error or the Z gyro
rate biasTheVG380ZA adaptively tunes the EKF feedback in order to best balance the
bias estimation and attitude correction with distortion free performance during dynamics
when the objeds accelerating either linearly (speed changes) or centripetally (false
gravity forces from turnsBecause centripetal and other dynamic accelerations are often
associated with yaw rate, th&5380ZA maintains dow-passed filtered yaw rate signal
and conpares it to theurnSwitch thresholdield (user adjustable}Vhen theuser

platformto which theVG380ZAis attached exceeds the turnSwitch threskaid rate
theVG380ZA lowers thefeedbaclgainsfrom the acelerometers to allow the attitude
estimate taoast through the dynamic situation with primary reliance on angular rate
sensorsThis situation is indicated by the softwareStatagrnSwitch status flagJsing

the turn switchmaintains better attitude accuracy durisingrttermdynamic situations,

but care must be taken to ensure that the duty cycle afitheswitch generally stays

below 10% during the vehicle missigh high turn switch duty cycle does not allow the
system to apply enough rate sensor bias correction and could allow the attitmdéeesti

to become unstable.

TheVG380ZA algorithm has two major phases of operatiime first phase of operation

is the initialization phas@®uring the initialization phase, th&5380ZAis expected to be
statiorary or quasistaticsothe EKF weights the accelerometer gravity reference heavily

in order to rapidly estimate the roll and pitch angles, and X, Y rate sensorimas.
initialization phase lasts approximately 60 seconds, and the initialization phase can be
monitoredin the sdtwareStatus BIT transmitted by default in each measurement packet.
After the initialization phase, théG380ZA operates with lower levels of feedback (also
referred to as EKF gain) from the accelerometers to continuously estimate and correct for
roll andpitch errors, as well as to estimate X and Y rate sensor bias.
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If a user wants to reset the algorithm ocerger the initialization phase, sending the
algorithm reset command, O0ARG6, will force

TheVG380ZA outputs digital measurement data overW#eRT portat a selectable

fixed rate (10050,25,20,10,5 or 2 Hz) or on as requested
Packet 6 Ioadditioratotde. scaled sensor packets described iMIHE80ZA

section, th&/G380ZA has additional measurement output packets including the default
06A206 Angl e Packet whi camglepand dmitatIMU dat & 06 o | |
and O6N16 packets are also avai$ea®ettien6f or u
and 7of the manual for full packet descriptionsll data is also available on the SPI

output port registers. Please refer to section 5 for a complete description of the SPI port
functionality.

3.3.1 V@&@80zZAAdvancedsettings

In addition to the configurable baud rgpacket rate, axis orientation, and sensorlow
pass filter settings, thHéG380ZA provides additional advanced settings which are
selectable for tailoring thé G380ZAto a specific application requiremenihese
VG380ZA advancedsettingsare shown imable8 below.

Table 8 VG380ZA Series Advanced Settings

Setting Default | Comments
Baud Rate 38400 9600, 192087®0alsoavailable
baud
PackefType | A2 S1,NO, N1 alsavailable
Packet Rate | 25Hz This setting sets the rate at which selected Packet Type, packet§ potenlitpu

mode is desired, then select Quitiiet is selected,\#&880ZAwill only send
measurement packets in response to GP commands.

Orientation | See To configure thgs orientatigrselect the desired measurement for eadthPrakes
Figurés | VIEWWill show the corresponding imageV@B@ZAso it easy to visualize the
and mode of operati@eeSectior8.40rientatioRield sttings for the twenty four posg
Figurer. | orientation settingibe default setting points the connector AFT.

Filter 20Hz The low pass filters are set to a default of 5Hz for the accelerometers, and

Settings (5, angular rate sensors. There is one filter setting for all three angular rate se

10, 20, 50 HZ are two settings for the accelerometers, one for the X and Ysepesasmdetting

for the Z axis. The reason for a separate settingxis tisettzat in many installatig
the Zaxis vibration level is much higher than in the X and Y axes, and it can
to filter the-&xis at a lower cutoff than thel ¥ axes.

Fredy OFF The FregIntegrate setting allows a user to tM&B8@ZA nt o a Indreer
Integrate gyro mode, the roll, pitch and yaw are computed exclusively from angular rg
kalman filter based corrections pitebl],or yawWhen turned on, there is no cou
of acceleration based signals into the roll aAd pitelsult, the roll, pitch, and yg
outputs will drift roughly linearly with time due to seRsobeistsperformance, th
Fredy Integrate ade should be used after the algorithm has iffitisdiaédws the
Kalman Filter to estimate the roll and pitch rate sensor bias prior to entering
modeUpon exi ti ng (QFR)ene of two kebavigrywill@dur mo

(1) If thev@B&ZAhas been in figetegrate mode for less than sixty sec

the algorithm will resume operation at normal gain settings

(2) Ifthev@B80ZAas been in figategrate mode for greater than sixty
seconds, the algorithm will force a reset andeaeutiidligh gains
automatically

Restart On | OFF This setting forces an algorithm reset when a sensor over range occurs i.e.
Over Range rate on any of the three axes exceeds the maximiifmerdefpult setting is OFF
theV&80ZAAlgorithm reset returnsiGe80ZAo a high gain state, where the

V&80ZAapidly estimates the gyro bias and uses the accelerometer feedbq
This setting is recommended when the souremnfevsiikely to be sustained
potentially mugreater than the rate sensor operatihgigaiand sustained ang
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rate overanges result in unrecoverable errors in roll and pitenoutpetaverab
error is one where the EKF can not stabilize the resulting roll and pitble reag
ovefranges are expected to be of short duration (<1 sec) and a modest per
the maximum operating range, it is recommended that the restart on over rg
be turned offiandling of an inertial rate sensewmageris controllechgsihe
restartOnOverRange swiitthis switch is off, the system will flag the overRan
flag and continue to operate throlfighistswitch is on, the system will flag a
masterFail error during anrangie condition and continue to opéhathis flag un
a quasstatic condition is met to allow for an algorithiresfasstatic condition
required is that the absolute value of epakded rate sensor fall below 3 deg/
begin initializatidme system will then atteanmormal algorithm start.

Dynamic ON The default setting isf@Nhe/&80ZATurningffthe dynamic motion setting re
Motion inahigher gaistate that uses the accelerometer feedbackchemglyperiods of

time when there is knowrdijmamic acceleration, this switch can be turned off
the attitude estimate to quickly stabilize.

Turn Switch | 10.0 With respect to centripetal or false gravity forces from turning dynamics (or
threshold deg/sec | turn), th’B80ZAnonibisthe yawate If the yaw rate exceeds a given Turnswi
threshold, the feedback gains from the accelerometer signals for attitude cq
reduced because they are likely corrupted.

BIT See 4.2

43.2 V@&EB80ZABuiltin Test

As with thelMU 380ZA, theVG380ZA Built-In Test capability allows users of the

VG380ZAto monitor health, diagnostic, and system status information of the unit4n real
time. The BuiltIn Test information consists of a BIT word (2 bytes) transmitted in every
measurementgzketl n addi ti on, there is a diagnost.
via the Get Packet O6GP6 command which con
hardware and software subsystem inWi&880ZA. SeeSections-8 for details on the

6T0OO6 packet

The BIT word contained within each measurement packet is detailed Géleu.SB
(Least Significant Bit)s the Error byte, and the MSBlost Significant Bit)is a Status
byte with programmable alertaiternal health and status are monitored and
communicated in both hardware and softwafe ultimate indication of a fatal gslem
is the masterFail flag.

The masterStatus flag is a configurable indication that can be modified by th€hiser.
flag is asserted as a result of any asserted alert signals lvéhvieheen enablecsee
AdvancedBIT (Section 9)or detailson configuring the masterStatus flagsable9
shows the BIT definition and default settings for BIT programmable alerts in the
VG380ZA

Table 9 VG380ZA Default BIT Status Definition

BlITstatus Field Bits Meaning Category
masterFail 0 0 = normal, 1 = fatal error has occurred BIT
HardwareError 1 0 = normal, 1= internal hardware error BIT
comError 2 0 = normal, 1 = communication error BIT
softwareError 3 0 = normal, 1 = internal software error BIT
Reserved 4:7 N/A

masterStatus 8 0 = nominal, lone or more status alerts Status
hardwareStatus 9 Disabled Status
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comStatus 10 0 = nominal, 1 = ExternaGPS Comm Status
softwareStatus 11 0 = nominal, 1 = Algorithm Initialimakiégh Gain | Status
sensorStatus 12 0 = nominal, 1 = Sensor Over Range Status
Reserved 13:15 N/A

TheVG380ZA also allows a user to configure the Status byte within the BIT message.
To configure the wordselect the BIT Configuration tab from the Unit Configuration
menu.The dialog box allows selection of which status types to enable (hardware,
software, sensor, and comrhjke theIMU 380ZA, MEMSIC recommends for the vast
majority of users, that the defadtatus byte for th# G380ZA s sufficient.For users,

who wish to have additional visibility to when ti&380ZA EFK algorithm estimates
that theVG380ZA s turning about its Z or Yaw axis, the softwareStatus bit can be
configured to go high during a turm other words, the turnSwitch will turn on the
softwareStatus bitn theVG380ZA, the turnSwitch is by defttuset at10.0deg/sec

about thez-axis.

3.4 AHRS80ZATheory of Operation

The AHRS380ZA supports all of the features and operating modes dMbe880ZA
andVG380ZA, and it includes an additional internah®is magnetometer and associated
software running on therocessarfor the computation of dynamic heading, as well as
dynamic roll and pitchThe product namédHRS380ZA, stands for Attitude klading
Reference SysteB80, and it is indicative of the attitude and heading reference
functionality that theAHRS380ZA replicatesby providing dynamic heading, roll, and
pitch measurements, in addition to the VG and IMU deit@. dynamic heading
measurerant is stabilizedisingthe 3axis magnetometer as a magnetic north reference.
As in theVG380ZA, the dynamic roll and pitch measurements are stabiligadjthe
accelerometers as a letgym gravity reference. Unlike the AHRS400 andiearl
MEMSIC AHRS Series products, thAHRS380ZA can be configured to turn on and off
the magnetic reference faser definegberiods of timgseeSection 8Advanced
Commands)In addition, theAHRS380ZA can accept external GPS détafer to the
INS380ZA section for detailsfor improved performance.

At a fixed 20Hz rate, théAHRS380ZA continwusly maintainghe digital IMU data as

well as the dynamic roll, pitch, and headiAg.shownin Figure4, after the Sensor
Calibration Block, the IMU data is passed to the Integration to Orientation Qlbek.
Integration to Orientation block integrates body frame sensed amgtdao orientabn

at a fixed 20 times per second within all of tBMU380ZA SeriesproductsFor

improved accuracy and to avoid singularities when dealing with the cosine rotation
matrix, a quaternion formulation is used in the algorithm to provide attitude propagation

As also shown in the software block diagram, the Integration to Orientation block
receives drift corrections from the Extended Kalman Filter or Drift Correction Moldule.
general, rate sensors and accelerometers suffer from bias drift, misalignmext erro
acceleration errors {gensitivity), nonlinearity (square terms), and scale factor errors.
The largest error in the orientation propagation is associated with the rate sensor bias
terms.The Extended Kalman Filter (EKF) module provides astherfly calibration for

drift errors, including the rate sensor bias, by providing corrections to the Integration to
Orientation block and a characterization of the gyro bias $tatiee AHRS380ZA, the
internally computed gravity reference vector and the distod@srected magnetic field
vector provide an attitude and a heading reference measurement for the EKF when the
AHRS380ZAis in quasistatic motion to correct roll, pitch, and heading angle drift and to
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estimate the X, Y and Z gyro rate biase AHRS380ZA adaptively tunes the EKF
feedbaclgainsin order to best balance the bias estimation and attitude correction with
distortion free performance during dynamics when the object is accelerating either
linearly (speed changes) or centripetally (false gravitgefe from turns)Because
centripetal and other dynamic accelerations are often associated with yaw rate, the
AHRS380ZA maintains a lowpassed filtered yaw rate signal and compares it to the
turnSwitch threshold field (user adjustabM)hen theuser platbrm (withthe

AHRS380ZA attachejlexceeds the turnSwitch threshold yaw rate AHRS380ZA

lowers the feedback gains from the accelerometers to allow the attitude estimate to coast
through the dynamic situation with primary reliance on angular rate sehb@'s

situation is indicated by the softwareSt#usrnSwitch status flagJsing the turn switch
maintains better attitude accuracy during stemtn dynamic situations, but care must be
taken to ensure that the duty cycle of the turn switch generajly lsehow 10% during

the vehicle missiorA high turn switch duty cycle does not allow the system to apply
enough rate sensor bias correction and could allow the attitude estimate to become
unstable.

As described ir8.3VG380ZAtheory of operation, thAHRS380ZA algorithm also has

two major phases of operatiofhe first phase of operation is the highin initialization
phaseDuring the initialization phase, tleHRS380ZA is expected to be statiany or
guasistaticsot he EKF weights the accel erometer ¢
field reference heavily in order to rapidly estimate the X, Y, and Z rate sensor bias, and
the initial attitude and headind the AHRS380ZA. The initialization phase lasts
approximately 60 seconds, and the initialization phase can be mornitdhed

softwareStatus BIT transmitted by default in each measurement pédteztthe

initialization phase, th&AHRS380ZA operates wh lower levels of feedback (also

referred to a&KF gain) from the accelerometers and magnetometers to continuously
estimate and correct for roll, pitch, and heading (yaw) errors, as well as to estimate X, Y,
and Z rate sensor bias.

The AHRS380ZA digital data is output over tH8ART portat a selectable fixed rate
(100,50,25,20,10,5 or 2 Hz) or on as requested bas
commandThe AHRS400 supports the same scaled sensor and angle mode packet format

of theVG380ZA TheAHRS380ZAd ef aul t s to the O6A16 Angl e
roll angle, pitch angle, yaw angle, and digital IMU dé&teethe AHRS380ZA, theé A1 6
packetcontairs accurate magnemeter readingsSeeSections and7 of the manual for

full packet descriptionsAll data is also available on the SPI output port registers. Please
refer to sectiord for a complete description of the SPI port functionality.

P IMPORTANT

For proper operation, tiBHRS380ZA relies on magnetic field readings from its internal
3-axis magnetometeiThe AHRS380ZA must be installedorrectlyand calibrated for
hardiron and soft iron effect® avoid any system performance degradatBse section
3.4.1for information and tips regarding iadfation and calibration.

3.4.1 AHRS880zZAViagnetometer Calibration and Alignment

The AHRS380ZA uses magnetic sensors to compute headttileglly, the magnetic

sensors would measure only the earth's magnetic field to compute the headinangle.
the real world, however, residual magnetism in your system will add to the magnetic field
measured by thAHRS380ZA. This extra magnetic field will create errors in the heading
measurement if they are not accounted Thiese extra magnetic fields amled hard

iron magnetic fieldsln addition, magnetic material can change the direction of the
magnetic field as a function of the input magnetic fighis dependence of the local
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magnetic field on input direction is called the soft iron effebe AHRS380ZA can
actually measure any constant magnetic field that is associated with your system and
correct for it. The AHRS380ZA can also make a correction for some soft iron effects.
The process of measuring these gl effects and correcting for thencedled hard

iron and soft iron calibratiorf.his alibration will help correct for magnetic fields that
are fixed with respect to tHEHRS380ZA. It cannot help for time varying fields, or fields
created by parts that move with respect toARRS380ZA. Because time varying fields
cannot be compensated, selection of a proper installation location is important.

During the calibration procedure, tA#IRS380ZA makesa sries of measurements
while theuser system ibeingturned througha complete 360 degreede. A 360 degree
rotation gives théAHRS380ZA visibility to hard and soft iron distortion in the horizontal
plane.UsingNAV -VIEW, a user can see the hard and soft iron effacselecting the
Misalignmentoptionon the Configuration Menandviewing the magnetic circleuting
the calibration

The AHRS380ZA uses these measurements to model the hard iron and soft iron
environment in your systerandstore these as calibration constants in the EEPROM.
The status of theAHRS380ZA magnetometer calibration is indicated by the
softwareErrof, dataErroA magAlignOutOfBounde r r or f Il ag avail abl e
packet.The current release of this software does not currently implement this feature
however. In future releases, this functionalitill be restoredThe user can access the
hardlron and softlronScaleRatio calibration data as configuration fie&VVIEW,

or by using the communication protoader UART or SPIAlso, thesoftwareError bit

of the masterFabyte within the BIT wod is transmitted in every measurement packet.
When theAHRS380ZA has not been properly calibrated, this softwareError bit will be
set to fail (high).The current release of this software does not currently implement this
feature however. In future reless this functionality will be restored.

In order for theAHRS380ZA calibration to work properly, thRHRS380ZA must be
installed in your system prior to calibratidhyou performthe calibration process with
the AHRS380ZA by itself, you will only correcfor the magnetism in theRHRS380ZA
itself. If you then install théAHRS380ZAin a vehicle (for instance), and the vehicle is
magnetic, you will still see errors arising from the magnetism of the vehicle. The
AHRS380ZA must be calibrated after installatiand prior to use of the system

The AHRS380ZA alsoprovides a command interface for initiating theed iron / soft

iron calibration without the usg NAV-VIEW. Theuser can send@WC 6 ¢ otmma n d
initiate the calibration, and theotate thaiser systenthrough360 degreesT h e 6 WC 6
command has two optiofisautotermination and manual termitian. With, aute

terminationthe AHRS380ZA tracks the yaw movement and after 380 degrees of rotation
returnsthedai br at i on ¢ o mp Theaustermmatign sayerce cad C D

falsely terminate if the 360 degredation is not completed withindi nut es of t h
command initiationManual termination requires the u
command with the termination code in the payldddnualtermination is a good option

when theuser systermoves very slowly (e.g., large marine vessel) and completing the

360 degree ration may require more than twainutes.

The calibratioc o mp| eb e, co@M@and response message ¢
iron bias, as well as the soft iron ragind soft iron phase anglghis information can be
interpreted to give an indication of the quality of the calibrat8eethe sectiorHard

Iron/Soft Iron Overvievin Appendix A:Installation and Operation of NAVIEW for

more information on the hard iron bias and soft iratio. Section7 has programing
details for & heomm&rddsa.nd O6CD

A WARNING
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TheAHRS380ZAandINS380ZAuni t s must be mounted at
ferrous objects and fluctuating magnetic fiel@ailure to locate the unit in a clean
magnetic environment will affect the attitude solution.

3.4.2 AHRS880ZAAdvanced Settings

In addition to the configurableaid rate, packet rate, axis orientation, and senser low
pass filter settings, thetHRS380ZA provides additional advanced settings which are
selectable for tailoring theRHRS380ZA to a specific application requiremernii$e
AHRS380ZA advancedettingsare siown inTable10:

Table 10 AHRS380ZA Series Advanced Settings

Setting Default | Comments

Baud Rate | 38,400 9600, 19208760Glsoavailable
baud

Packet Al S0,S1,A2, NO, Nalsoavailable
Type

Packet 25Hz This setting sets the rate at which selected Packet Type, packet$ gotenlitpy
Rate mode is desired, then select Qui@tiiet is selected, #@80ZAwill only send
measurement packets in response to GP commands.

Orientation| See To configure thes orientatigrselect the desired measurement for eadthakes
Figures VIEWwill show the corresponding imagertfR&B0ZAso it easy to visualize th
and mode of operati@ee sectioB4OrientatioRield sttings for the twenty four pos

Figure. | orientation settingbe default setting points the connector AFT.

Filter 20Hz The low pass filters are set to a defiz dbr the accelerometers, @rd r the

Settings accels angular rate sensdrere is one filter setting for all three angular rat& kerso
is one filter setting for all dreelerometeensorsThe reason for filtering the

20 Hz : - - . . . :

rates accelerometassthat imany installations, tii@ation levedn be higland it can

prove helpful to fihkecelerometers

Fredy OFF The FrdgIntegrate setting allows a user to tédHR®80ZA nt o a Ino f
Integrate free gyro mode, the roll, pitch and yaw are computed exclusively from angt
no kalman filter based corrections of roll, pitchbeyawrned on, there is no
coupling of acceleration based signals into thpitotbamdagnetometer based
signals to the ya¥s a result, the roll, pitch, and yaw outputs will drift roughly
with time due to sensor bas.best performance, theyHreegrate mode should
used after the algorithm has initidlieedllows the Kalman Filter to estimate th
and pitch rate sensor bias prior to entering the free gyrproode. e x i t i
gy r o @OFRmona ef two behaviors will occur

(1) If thHR880ZAas been in filgéntegrate mode for less than sixty
seconds, the algorithm will resume operation at normal gain settings

(2) If thAHR880ZAas been in figéntegrate mode for greater than sixty|
seconds, the algorithm will force a reset and reinitialize with high gain
automatically

Use Mags | ON The Use Mags setting allows users to turn on and off the magnetomet
for yaw/heading stabilizafiba.default setting is ON fekkiRS80ZAWhen
Use Mags is turned ONAHBRS80ZAIses the magnetic field sensor read
to stabilize the drift in yaw, and it slaves the yaw to the compass readi
from the magnetic field sensor reddlingis.Use Mags is turned OFF, the
heading (yaw) angle measuremenofR&B0ZAwill dift and freely integra
In effect, this setting convertd-#r880ZAnto the functionality of the
V@&@B80ZAHowever, unlik&/&80ZAhis can be done on a selectable bas
changed in real time during a miEB®neason for this setting isedhgiwser
an ability to turn off the magnetometer stabilization when severe magn
may be occurrifithis setting is desirable ienser systeemporarily
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moves in close proximity to a large ferrous/dtgecthe Use Mags switch
turredfrom OFF to ON, KidRS80ZAwill reinitialize the yaw/heading ang
the compass reading provided from the magnetic field sensor readings

Restart On| OFF This setting forces an algorithm reset when a sensor over rangerotationake
Over rate on any of the three axes exceeds the maximiiimerdefpult setting is OFF
Range theAHRS80ZAAIlgorithm reset returnsdH&S80Z Ao a high gain state, where

AHRS880ZAapidly estimates the gyro bias and uses the accelerdiaeter fe
heavilyThis setting is recommended when the souremnfeveiikely to be
sustained and potentially much greater than the rate sensor opexagegriinit
sustained angular rate-oaeges result in unrecoverable errors in riedhand p
outputsAn unrecoverable error is one where the EKF can not stabilize the 1
and pitch readini§ the overanges are expected to be of short duration (<1 s€
modest percentage over the maximum operating range, it is rebatmimended
restart on over range setting be turiéahoffng of an inertial rate sensenager
is controlled using the restartOnOverRangé# #wtcwitch is off, the system w
flag the overRange status flag and continue to operatdftthisugpvitth is on, th
system will flag a masterFail error duringrangereondition and continue to
operate with this flag until a-gts&i condition is met to allow for an algorithm
The quastatic condition required is thabsiodute value of eachpawsed rate
sensor fall below 3 deg/sec to begin initidlizatgystem will then attempt a no
algorithm start.

Dynamic | ON The default setting is ON fokiiRS80ZATurning off the dynamic motion setti
Motion results in a higher gain state that uses the accelerometer feedBaginigeavily
periods of time when there is known low dynamic acceleration, this switch
off to allow the attitude estimate to quickly stabilize.

Turn 05 With respect to centripetal or false gravity forces from turning dynamics (o
Switch deg/sec | turn), th&HRS80ZAnonitors the yamte If the yaw rate exceeds a given Turn
threshold threshold, the feedback gains from the accelerometeragigneks ¢orrection are

reduced because they are likely corrupted.

BIT See 4.3

3.4.3 AHRS80ZABuiltIn Test

As with thelMU 380ZA andVG380ZA, the Builtin Test capability allows users of the
AHRS380ZAto monitor health, diagnostic, and system status information of the unit in
reattime. The Builtln Test information consists of a BIT word (2 bytes) transmitted in

every measurementpacketh addi ti on, there is a diagno
requst ed via the Get Packet 6GP&d command wh
each hardware and software subsysin theAHRS380ZA. SeeSections and7 of the

Progranmi ng Gui de, for details on the O60T06 p:

The BIT wordcontained within each measurement packet is detailed b&m\.SB
(Least Significant Bif) is theError byte, and the MSBMost Significant Bit)is a Status
byte with programmable alertaiternal health and status are monitored and
communicated in both hardware and softwaife ultimate indication of a fatal problem
is the masterFail flad he softwaeError bit also provides useful information regarding
the status and quality of tAdHRS380ZA magnetic alignmentf the AHRS380ZA has
not been properly magnetically calibrated, 8#¢RS380ZA shall indicate a
softwareError.

The masterStatus flag is a cigufrable indication that can be modified by the uséis
flag is asserted as a result of any asserted alert signals asidieen enable8ee
Section9 AdvancedBIT for detailson configuring the masterStatus flagable11
shows the BIT definition andefault settings for BIT programmable alerts in the
AHRS380ZA
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Table 11 AHRS380ZA Default BIT Status Definitions

BlITstatus Field Bits Meaning Category
masterFail 0 0 = normal, 1 = fatal error has occurred BIT
HardwareError 1 0 = normal, 1= internal hardware error BIT
comError 2 0 = normal, 1 = communication error BIT
softwareError 3 0 = normal, 1 = internal software error or BIT

magAlignOutofBounds

Reserved 4:7 N/A

masterStatus 8 0 = nominal, lone or more statlsrts Status
hardwareStatus 9 Disabled Status
comStatus 10 0 = nominal, 1 = No External GPS Comm Status
softwareStatus 11 0 = nominal, 1 = Algorithm Initializetidgh Gain | Status
sensorStatus 12 0 = nominal, 1 = Sensor Over Range Status
Reserved 13:15 N/A

The AHRS380ZA also allows a user to configure the Status byte within the BIT message.
To configure the word, select the BIT Configuration tab from the Unit Configuration
menu.The dialog box allows selection of which status typesiebke (hardware,

software, sensor, and comr)ke theVG380ZA andIMU 380ZA, MEMSIC

recommends for the vast majority of users, that the default Status byte for the
AHRS380ZA s sufficient.For users, who wish to have additional visibility to when the
AHRS380ZA EFK algorithm estimates that tA¢HRS380ZA is turning about its Z or

Yaw axis, the softwareStatus bit can be configured to go high during dntather

words, the turnSwitch will turn on the softwareStatuslbithe AHRS380ZA, the

turnSwitch isby default set at.8 deg/sec about the-axis.

3.5 INS380ZATheory of Operation

TheINS380ZA supports all of the features and operating modes of the
IMU/VG/AHRS380ZA, and it includesdditional capability of interfacing with an
externalGPS receiver and assated software running on thpeocessarfor the
computation of navigation information as well as orientation informatiba.product
name INS380ZA, stands foinertial Navigation Systen380, and it is indicative of the
navigation reference functionalitizat thelNS380ZA provides by outputting inertially
aided navigatioinformation (Latitude, Longitude, and Altitude), inertialljded 3axis
velocity information, as well as heading, roll, and pitch measurements, in addition to
digital IMU data.

At a fixed 100Hz rate, thiNS380ZA continuously maintains thegital IMU datg the
dynamic roll, pitch, and heading data; as well as the navigationAtagdown in the
software block diagranm Figure4, after the Sensor Calibration block, the IMU data is
passed into afintegration to Orientatianblock. Thefilntegration to Orientatianblock
integrates body frame sensed angular rate to orientation at a fixed 100 tireesquel
within all of theDMU380ZA SeriesproductsexceptiMU 380ZA). For improved
accuracy and to avoid singularities when dealing with the cosine rotation matrix, a
guaternion formulation is used in the algorithm to provide attitude propagation.
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Following the integration to orientation block, the body frame accelerometer signals are
rotated into the NED level frame and are integrated to veldiitthis point, the data is
blended with GPS position data, and output as a complete navigationrsolutio

As shown in Figure4, the Integration to Orientation and the Integration to Velocity signal
processing blocks receive drift corrections from the Extended Kalittan (EKF) drift
correction moduleThe drift correction module uses data from the aiding sensben

they are available, to correct the errors in the velocity, attitude, and heading outputs.
Additionally, when aiding sensors are available correctiortise rate gyro and
accelerometers are performed.

ThelNS380ZAblends GPS derived heading and accelerometer measurements into the
EKF update depending on the health and status of the associated $etisoGPS link

is lost or poor, the Kalman Filteolsition stops tracking accelerometer bilast he

algorithm continues to apply gyro bias correction and provides stabilized angle outputs.
The EKF tracking states are reduced to angles and gyro biag balaccelerometers

will continue to integrate vetaty, however, accelerometer noise, bias, and attitude error

will cause the velocity estimatesgtart drifting within a fewsecondsThe attitude

tracking performance will degrade, the heading will freely drift, and the filtereviért

to the VG onlyEKF formulation The UTC packet synchronization will drift due to

internal clock drift.

The status of GPS signal acquisition can be monitored from the hardwareStatus BIT as
discussed irsection3.5.3INS380ZA Built in Test From a cold start, it typically takes 40
seconds for GPS to lockhe actualdck time depends onthe antebna vi ew of t h
and the number of satellites in view.

Theprocessoperforms timetriggered trajectory propagation at 100Hz and will
synchronize the sensor sampling with the GPS UTC (Universal Coordinated Time)
second boundary when available.

As with theAHRS380ZA andVG380ZA, the algorithm has two major pes of
operationImmediately after poweup, theINS380ZA uses the accelerometers and
magnetometers to compute the initial roll, pitch and gagles The roll and pitch
attitude will be initialized usi nwgillbehe ac
initialized using the | eveled magnet omet e
magnetic field. During the first 60 seconds of startup|X8380ZA should remain
approximately motionless in order to properly initialize the rate sensofTihias.

initialization phase lasts approximately 60 seconds, and the initialization phase can be
monitoredin the softwareStatus BIT transmitted by default in each measurement packet.
After the initialization phase, tHBIS380ZA operates with lower levels of feeaick (also

referred to aEKF gain) from the GPS, aeterometers, and magnetometers.

Digital data is output over tHdART portat a selectable fixed rate (1@, 25,20,10,5

or 2 Hz) or on as requested blaaddiientottei ng t
angle mode packets of th¢1RS380ZA and scaled sensor packets ofliii&) 380ZA, the
INS380ZAhas additional out put measurement pa
Navigation Packet which outputs the Latitude, Longitude, Altitude, Xyé|dcities,

accelerations, and roll angle, pitch angle, yaw angle, and digital IMUSk&8ections

and?7 of the manual for full packet description&ll data is also available on the SPI

output pot registers. Please refer to sectidior a complete description of the SPI port
functionality.

P IMPORTANT

For proper operation, tHBIS380ZA relies on magnetitteld readings from its internal 3
axis magnetometerThe INS380ZA must benstalledcorrectlyand calibrated for hard
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iron and soft iron effect® avoid any system performance degradati®e sectio’.4.1

for information and tips regarding installation and calibration and why magnetic
calibration is necessarilease review this section of the manual before proceeding to use
the INS380ZA

P IMPORTANT

For optimal performance tHBIS380ZA utilizes GPS readings from an exteri@iPS
receiver.The GPS receiver requires proper antennae installation for ope@ien
section2.1.4for information and tips regardirantenna installatian

3.5.1 INS80ZAViagnetometer Calibration and Alignment

ThelNS380ZArequires the three axis magnetic field sensor to be calibrated while
installed in its operating environmeee sectioB.4.1for information and tips
regarding installation and calibration and why magnetic calibration is neceRkEsrye
review this section of the manual before geding to use thiNS380ZA.

3.5.2 INS380ZAAdvanced Settings

In addition to the configurable baud rate, packet rate, axis orientation, and sensor low
pass filter settings, tHBIS380ZA provides additional advanced settings which are
selectable for tailoring thiNS380ZAto a specific application requiremenihie

INS380ZA advanced settings are showrTable12 below.

Table 12INS380ZA Series Advanced Settings

Setting Default| Comments

Baud Rate 38,400 | 9600, 19208760Gscavailable
baud

PackefType N1 S0, S1A1, A2,NOakoavailable

Packet Rate 25Hz | This setting sets the rate at which selected Packet Type, packet§ pobealitpy
mode is desired, then select Qiuigtiet is selected, tHEB80ZAwill only send
measurement packets in response to GP commands.

Orientation See To configure thgs orientatigrselect the desired measurement for eadhrakes
Figure | VIEWwill show the corresponding imagd M&BOZAso it easy to visualize the
6and | mode of operati@ee sectioBL4OrientatioRield sttings for the twenty four poss
Figure | orientation settingiie default setting points the connector AFT.
7.

FilterSettings | 20Hz | The low pass filters are set to a deRiklz dbr the accelerometers, and 20Hz fi

accels | angular rate sensors. There is one filter setting for all three angular rate se

20 Hz | ONe filter setting for all taoeelerometsensorsThe reason for filtering the
accelerometeissthat imany installations, ¥it@ation levedin be higtand it can

rates )

prove helpful to fikecelerometers

Fredy Integrate | OFF The FrdgIntegrate setting allows a user to tINBBOZA nt o a Indreer
gyro mode, the roll, pitch and yaw are computed exclusively from angular r
kalman filter ek corrections of roll, pitchyamdVhen turned on, there is no
coupling of acceleration based signals into thpitotbamiagnetometer based
signal to the ya#s a result, the roll, pitch, and yaw outputs will drift roughly |
time due to sensor bigsr best performance, thefArgegrate mode should be
used after the algorithm has initidlieedllows the Kalman Filter to estimate th
and pitch rate sensor bias prior to entering the free gyrproode. e x i t i
gy r o §OFR)ona ef two behaviors will occur

(1) If theNS380ZAnas been in figintegrate mode for less thanssigbnds,
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the algorithm will resume operation at normal gain settings

(2) If thedNSB80ZAas been in flgetegrate mode for greater than sixty
seconds, the algorithm will force amdseiratialize with high gains
automatically.

Use GPS

ON

The Us&PS setting allows users to turn on and off the GPSTkrediedaklt
setting is ON for thN&380ZAWhen Use GPS is turned OFR#880ZA s b e
will revert to that ofA#HRS80ZASee the\HR880ZArheory of Operation for
detailed description.

Stationary Yaw
Lock

OFF

This setting defaults to OFF dN880ZAand it is recommended to be&faDiRE

INS80ZAThe stationary yaw lock setting is only recommended for conside
theINSB80ZAs operating with GPS (Use GPS = ON) and WITHOUT magne
feedback (Use Mags = G&fionary yaw lock may be appropriatesértipéatforn
is a wheeled land vehicle.

Use Mags

ON

The Use Mags setting allows users to turn on and off the teraigreetionck for
yaw/heading stabilizafitre default setting is ON fdNBBS80ZAWhen Use Mags
is turned ON, th¢B80ZAuses the magnetic field sensor readings to stabiliz¢
in yaw, and it slaves the yaw to the compass readingqmavideddgnetic field
sensor readind&hen UseMags is turned OFF, the heading (yaw) angle me
of thdNSB80ZAwill be slaved to the GPS heading if GPS is,avhitablisthe
heading will drift fe&lye reason for this setting is to giveethen ability to turn ¢
the magnetometer stabilization when severe magnetic distortion mayrbeso
setting is desirable wtienuser vehidkemporarily moves in close proximity to
ferrous objet/hen the Use Mags switch exdfuiom OFF to ON, tNE380ZAwill
reinitialize the yaw/heading angle with the compass reading provided from
field sensor readings.

Restart On Ove
Range

OFF

This setting forces an algorithm reset when a sensor over rangerotatiosake
rate on any of the three axes exceeds the maximiifmerdefgult setting is OFH
theINSB80ZAAlgorithm reset returndXi880ZA0 a high gain state, where the
INS880ZAapidly estimates the gyro bias and uses the acceleronekdrefaetib
This setting is recommended when the soureenfevsilikely to be sustained
potentially much greater than the rate sensor operhtirggliamt sustained
angular rate owanges result in unrecoverable errors in roll antppitetn
unrecoverable error is one where the EKF can not stabilize the resulting ro
readinglf the ovenranges are expected to be of short duration (<1 sec) and g
percentage over the maximum operating range, it is recommencststt ain
over range setting be turnediafidling of an inertial rate sensemnogeris
controlled using the restartOnOverRangéfghigicwitch is off, the system will
the overRange status flag and continue to operate tHrosigiwitch is on, the
system will flag a masterFail error duringrangeondition and continue to of
with this flag until a gséaic condition is met to allow for an algorithmirestart|
quasstatic condition required is that tHetebsalue of each{magsed rate senso
fall below 3 deg/sec to begin initializh#mystem will then attempt a normal
algorithm start.

Dynamic
Motion

The default setting is ON fdNBB80ZATurning off the dynamic motion setting
results ia higher gain state that uses the accelerometer feedbdakrimenvily.
periods of time when there is known low dynamic acceleration, this switch
off to allow the attitude estimate to quickly stabilize.

Turn Switch
threshold

05
deg/sed

With respect to centripetal or false gravity forces from turning dynamics (or|
turn), theNS380ZAnonitors the yaate If the yaw rate exceeds a given Turnsw
threshold, the feedback gains from the accelerometer signals for tiate c
reduced because they are likely corrupted.

BIT

See 6.3

3.5.3 INS80ZABuiltin Test

As with the IMU, VG andAHRS380ZA, the BuiltIn Test capability allows users of the
INS380ZA to monitor health, diagnostic, and system status information of the unit in
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reaktime. The BuiltIn Test information consists of a BIT word (2 bytes) transmitted in

every measurementpacketn addi ti on, there is a diagno
requst ed via the Get Packet 6GP&d command wh
each hardware and software subsystem ilNB880ZA. SeeSectionss and7 of the

manualf or details on the 6T06 packet.

The BIT word contained within each measurement packet is detailed Gé¢leW.SB
(Least Significant Bjtis the Eror byte, and the MSEMost Significant Bit)is a Status
byte with programmable alertsiternal health and status are monitored and
communicated in both hardware and softwahe ultimate indication of a fatal problem
is the masterFail flagihe softwareEor bit also provides useful information regarding
the status and quality of thiS380ZA magnetic alignmentf the INS380ZA has not
been properly magnetically calibrated, tN&S380ZA shall indicate a softwareError.

The masterStatus flag is a configuealmdication that can be modified by the uSéris
flag is asserted as a result of any asserted alert signals véviebheen enablecsee
Advanced Settings for details for configuring the masterStatus agpe 13 shows the
BIT definition and default settings for BIT programmable alerts inN8380ZA

Table 13INS380ZA Default BIT Status Definitions

BITstatus Field Bits Meaning Category
masterFail 0 0 = normal, 1 = fatal error has occurred BIT
HardwareError 1 0 = normal, 1= internal hardware error BIT
comError 2 0 = normal, 1 = communication error BIT
softwareError 3 0 = normal, 1 = internal software error or BIT

magAlignOutofBounds

Reserved 4:7 N/A
masterStatus 8 0 = nominal, lone or more status alert Status
hardwareStatus 9 0 = nominal, IrternaGPS unlocked 1PPS Status
invalid
comStatus 10 Disabled Status
softwareStatus 11 0 = nominal, 1 = Algorithm Initialakigh gain | Status
sensorStatus 12 0 = nominal, 1 = Sensor Over Range Status
Reserved 13:15 N/A

ThelNS380ZA also allows a user to configure the Status byte within the BIT message.

To configure the word, select the BIT Configuration tab fromthi Configuration

menu.The dialog box allows selection of which status types to enable (hardware,
software, sensor, and comrh)ke theIMU, VG andAHRS380ZA, MEMSIC

recommends for the vast majority of users, that the default Status byte NNE880ZA

is sufficient.For users, who wish to have additional visibility or alerts relative to the GPS
sensor status or algorithm status, they can configure additional triggers for both the
softwareStatusral hardwareStaty$ee Sectio®o f t he us eadexriptoa n u al
of all the BIT field9.
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4 Application Guide

4.1 Introduction

This section provides recommended advanced settings for taitbamiMU380ZA
Seriesof inertial systemso different types of application and platform requirements.

4.2 Fixed Wing Aircraft

A fixed-wing aircraftis a heaviethanair craft where movement of tiigngsin relation

to the aircraft is not used to generlifte The term is usetb distinguish fronrotary-wing
aircraft where the movement of the wing surfaces relative to the aircraft generates lift.
The fixed wing aircraft can range in size from the smallest experimental plane to the
largest commercial jeThe dynamic charactetiss of the fixed wing aircraft depends

upon types of aircraft (i.g., glider, propeller aircraft, and jet aircraft) and mission phases
(i.e.,, launch, landing, and maneuver). In order to meet application requirements, users
must dial in proper advanced segfs so thathe DMU380ZA Seriescan provide the best
possible solution under given dynamic conditions. For examplae 14 provides the

recommended advanced settings for four different dynamic conditions.

Table 14 Recommended Advanced Settings for Fixed Wing Aircraft

Recommended AHRS80Z Ao INSB80ZA
Product
Dynamic Condition

gstctionrggnended Prelaunch or known Launch Normal . .

straight and level un Dynamics High Dynamics

accelerated flight (Default)

UseMags ON ON ON ON
UseGPS ON ON (< 4g) ON ON (< 49q)
Fredyintegrate OFF OFFE* OFF OFF (< 29)
Stationary Yaw Lock OFF OFF OFF OFF
Restart Over Range ON OFF OFF OFF
Dynamic Motion OFF ON ON ON
Turn Switch Thresho 05deg/s 05deg/s 05deg/s 05deg/s
XY Filter Accel 5Hz 5Hz 5Hz* 15Hz
Z Filter Accel 5Hz 5Hz 5Hz* 15Hz
Filter Rate Sensor 20Hz 20Hz 20Hz* 20Hz

*A cutoff frequency of filters may be varied depending on the fastest dynamic mode of the
aircraft. For example, the conventional aircraft has five dynamic modespehiad, phugoid,
spiral,dutchroll, and roll, and the fastest one is the roll mode. The natural frequency of this
mode is around 6~8 radian/sec or (about 2 Hz) in most cases. Therefore, the recommended
filter setting would not reject desired frequency components (or dynamic pibdesne

wants to capture. However, the larger the bandwidth (or cutoff frequency) is, the noisier the
corresponding signal is, which may result in the performance degradation. If the aircraft is
operated under severe vibrations, also, the recommerigeddtting may need to be further
reduced in order to reject the frequency comgnts caused by the vibration.
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*EFreelylntegrate

should only b &ormattakedffo A ONO

dynamics that a standard aircraft would experiendesee the best performance witfis

setting in

4.3 Rotorcraft

Rotorcraft is a category of heavigtrartair flying machines that use lift generated by

the AOFFO

position.

rotors. They may also include the use of static lifting surfaces, but the primary
distinguishing feature being lift provided by rotating lift structures. Rotorcraft inslude
helicopters, autogyros, gyrodynes and tiltrotors.

The rotor tbade dynamics itself is much faster than that of the fixed aircraft and
contains high frequency ogonents. At the same time, however, it may cause severe

vibrations on the airframe. Also, the overall dynamics (translational and rotational
motion) of the rotor craft is much slower than the fixed wing aircraft due to a mechanical
mechanism of rotors gemating the aerodynamic forces and momerable 15 provides

the recommended advanced settingsviardifferent dynamic conditions.

Table 15 Recommended Advanced Settings for Rotorcraft

Recommended Product

AHRS80Z/or INS380ZA

Dynamic Condition

Recommended Settings . High Dynamics

Normal Dynamics ] ) ) )
(with uncoordinated tail motion)

UseMags ON ON

UseGPS ON ON (< 4g)

Fredyintegrate OFF OFF (< 29)

Stationary Yaw Lock OFF OFF

Restart Over Range OFF ON

Dynamic Motion ON ON

Turn Switch Threshold 1.0 deg/s** 30.0 deg/s**

XY Filter Accel 5 Hz* 5Hz

Z Filter Accel 5 Hz* 5Hz

Filter Rate Sensor 20Hz* 20Hz

** The helicopter canhange its heading angle rapidly unlike the aircraft
which requires banking. A turn switch threshold that is too low may cause
turn switch activation with high duty cycle causing random walk in roll and
pitch angles due to low feedback gains.

*A cutoff frequency must be far away from major frequency components
caused by the rotor vibration.

4.4 Land Vehicle

Some examples of land vehicles are: Automobiles, tringdayy equipmentrains
snowmobiles, and other tracked vehicl€able16 provides the recommended advanced
settings for two different types of application.
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Table 16 Recommended Advanced Settings for Land Vehicle

Recommended Product VGE380ZAor INSB80ZA

Dynamic Condition
Recommended Setings zggl\i/é/aigl;ipment Automotive TestingMUandVGdefault)
UseMags ON* ON*
UseGPS ON ON (< 49g)
Fredyintegrate OFF OFF
Stationary Yaw Lock OFF OFF
Restart Over Range ON OFF
Dynamic Motion ON ON
Turn Switch Threshold 5.0 deg/s 10.0 deg/s
XY Filter Accel 5 Hz 5Hz
Z Filter Accel 5 Hz 5Hz
Filter Rate Sensor 20Hz 20Hz

*When not in distorted magnetic environment.

4.5 WateVehicle

Water vehicle is araft or vesseldesigned to float on or submerge amnovide transport
over and undewater.Table17 provides the recommended advanced settings for two
different types of applicatn.

Table 17 Recommended Advanced Settings for Water Vehicle

Recommended Product INS380ZA

Application
Recommended Settings

Surfaced Submerged

UseMags ON ON
UseGPS ON OFF
Freelntegrate OFF OFF
Stationary Yaw Lock OFF OFF
Restart Over Range OFF OFF
Dynamic Motion ON ON
Turn Switch Threshold 10 deg/s 5deg/s
XY Filter Accel 5Hz 2 Hz
Z Filter Accel 5Hz 2 Hz
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Filter Rate Sensor 15 Hz 10 Hz

*When not in distorted magnetic environment.

X EXAMPLE

Figure8 shows a typical flight profile of the fixed wing aircraft and the corresponding
advanced settings that one can configure adaptively depending on a flight phase:

1

Prelaunchis the phase of flight in which an aircraft goes through a series of
checkup (hardware and software) on the ground before takeoff. The aircraft is a
static condition,

Takeoff is the phase of flight in which an aircraft goes through a transition from
moving along the ground (taxiing) to flying in the air, usuallgnga runway.

The aircraft is under horizontal acceleration and may suffer from vibrations
coming from an engine and ground contact forces transmitted from its landing
gear

Climb is thephaseof a flight, after takeoff, consisting of getting the aircraft to

the desired flight level altitude. More generally, the term 'climb' means increasing
the altitude.The aircraft is under vertical acceleration until it reaches the steady
state climb rate.

Straight and level flight is the phase of flight in which an aircraft reaches its
nominal flight altitude and maintains its speed and altitude. The aircraft is under
equilibrium (SeeFigure8).

Maneuver is the phase of flight in which an aircraft accelerates, decelerates, and
turns. The aircraft is under ngmavitational acceleration and/or deceleration
(SeeFigure8).

Descentis the phase of flight in whichn aircraft decreases altitufie an
approach to landind@.he aircraft is under vertical deceleration until it captures a
glide slopg(SeeFigure8).

Landing is the last part of flight, whele theaircraftreturns to the groungbee
Figure8).

Pre-launch or
known siraight and
level un-accelerated
flight

Straight
and level

Normal
Dynamics

Normal
Dynamics /

Pre-launch or Climb Maneuver
known straight and -
level un-accelerated High

Descent

flight Launch Dynamics

Prelaunch Takeoff

Landing

[ ] Recommended Advanced Seftings

Figure 8 Typical flight profiles of fixed wing aircraft and the corresponding

advanced settings
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5 DMU380ZAPI Port Interface Definition

The DMU380ZA provides a Bl interfacefor data communications. This section of the
u s emabusl definethe DMU380ZA register map, register control capabilities, and the
data registereading and writingnethodologies

The DMU380ZA operates as a slave device. The master device must be configured to
communicate with the DMU380ZA usirige following settings:

T Data transferred iti6-bit word-engthandMSB-first
I fakO 2.0 MHz
1 CPOL =1 ¢lock polarity) andCPHA = 1 ¢lock phasg

Additional operational requiremerasedescribed in Sectios.8

5.1 DMU380ZRegister Map
Table18 describeshe DMU380ZA register map

Table 18 DMU380ZA Register Map*

Name Read/Write |Address  |Default [Function

Reserved N/A 0x00 to Ox03|N/A

X_RATE R 0x04 X-Axis RatSensor Output

Y _RATE R 0x06 N/A Y-Axis RatSensor Output

Z_RATE R 0x08 Z-Axis Rat&ensor Output

X_ACEL R 0x0A X-Axis Accelerometer Output

Y_ACEL R 0x0C N/A Y-Axis Accelerometer Output

Z_ACEL R 0xO0E Z-Axis Accelerometer Output

X_MAG R 0x10 X-AxisMagnetomet@utput

Y_MAG R 0x12 N/A Y-AxisMagnetomet@utput

Z_MAG R 0x14 Z-AxisMagnetomet@utput

RATE_TEMP R 0x16 N/A Ratesensotemperature

BOARD_TEMP R 0x18 N/A Board temperature

Reserved R 0x1A to Ox33|N/A

SELF_TEST RIW 0x34/0x35  (0x00 SeeTable25 Initiat&elfTest/ Configure DaReady
DATA_READY RIW 0x35/0x34 |ox04  [outputsignal

OUTPUT_DATA_RATHR/W 0x36/0x37  0x01 SeeTable26 Set Output Data Rate (3BB3d the
SYSTEM_CLOCK R/W 0x37/0x36  |ox01 system clock (internal/extérnal)
RS_DYNAMIC_RANGIR/W 0x38/0x39  |0x02 SeeTable27 Setratesensodynamic range (SPI anly

! Register andiatapacket availabity is based on the features of th&1U380ZA (seeTable2).

2 Register reads are performedbytes at a time while writes are a single byte in length. In operation, the
SELF_TEST/DATA_READY register should be read together starting at register @< applies to other shared
registers as well.

% If an external sync pulse is appligten the system cannot return to internal timing without resetting the system and
removing the sync signal.
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