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1 Copyright & Warranty Information

© Copyright PNI Sensor Corporati@®12

All Rights Reserved. Reproduction, adaptation, or translation without prior written permission is prohibited, except
as allowed underopyright laws.

RevisedJuly2013 For most recent version visit our websitevatw.pnicorp.com

PNI Sensor Corporation
2331 Circadian Way
Santa Rosa, CA 9540USA
Tel: (707) 5662260

Fax: (707) 5662261

Warranty and.imitation of Liability. PNI Sensor Corporation ("PNI") manufacturesSEEATRAX products
(AProductso) from parts and components that are new or
Product to be delivered hereunder, if properly usall, for one year following the date of shipment unless a

di fferent warranty time period for such Product is spe:
acceptance; or (ii1) on PNI ®&ds web sa,ledreefromndefecsimi cor p. com
material and workmanship and will operate in accordanc:

for the Product in effect at time of order. PNI will make no changes to the specifications or manufacturing processes

that affect form, fit, or function of the Product without written notice to the OEM, however, PNI may at any time,

without such notice, make minor changes to specifications or manufacturing processes that do not affect the form,

fit, or function ofthe Prd u c t . This warranty wil!/ be void if the Pro
marks have been defaced, damaged, or removed. This warranty does not cover wear and tear due to normal use, or
damage to the Product as the result of improper usagéect of care, alteration, accident, or unauthorized repair.

THE ABOVE WARRANTY IS IN LIEU OF ANY OTHER WARRANTY, WHETHER EXPRESS, IMPLIED, OR
STATUTORY, INCLUDING, BUT NOT LIMITED TO, ANY WARRANTY OF MERCHANTABILITY,

FITNESS FOR ANY PARTICULAR PURPOSEIR ANY WARRANTY OTHERWISE ARISING OUT OF ANY
PROPOSAL, SPECIFICATION, OR SAMPLE. PNI NEITHER ASSUMES NOR AUTHORIZES ANY PERSON
TO ASSUME FOR IT ANY OTHER LIABILITY.

I f any Product furnished hereunder f aeéxtlsivetrenedyandf or m t o
PNI 6s sole and exclusive liability wil!/l be, at PNI &s o]
amount equal to the price paid for any such Product which fails during the applicable warranty period provided that

(i) OEM promptly notifies PNI in writing that such Product is defective and furnishes an explanation of the
deficiency; (ii) such Product is returned to PNI®&s ser)
that claimed deficiencies exiahd were not caused by accident, misuse, neglect, alteration, repair, improper

installation, or improper testing. If a Product is defective, transportation charges for the return of the Product to

OEM within the United States and Canada will be paid Wi, Aror all other locations, the warranty excludes all

costs of shipping, customs clearance, and other related charges. PNI will have a reasonable time to make repairs or

to replace the Product or to cr ed.idrregaEekhénsPraguctdobe nt . P N
free from defects in material and workmanship on the same terms as the Product originally purchased.

Except for the breach of warranty remedies set forth herein, or for personal injury, PNI shall have no liability for any
indirect or speculative damages (including, but not limited to, consequential, incidental, punitive and special
damages) relating to the use of or inability to use this Product, whether arising out of contract, negligence, tort, or

under any warranty theory,6ror i nfri ngement of any other partyédés inte
whether PNI had advance notice of the possibility of any such damages, including, but not limited to, loss of use,
revenue or profit. | ity fan &l cl@mseegarding enPaxdduct exteéed thesprice patdfot | i a b |

the Product. PNI neither assumes nor authorizes any person to assume for it any other liabilities.

Some states and provinces do not allow limitations on how long an implied warranty thst®rclusion or
limitation of incidental or consequential damages, so the above limitations or exclusions may not apply to you. This
warranty gives you specific legal rights and you may have other rights that vary by state or province.
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2 Introduction

Thark you for purchasing PNbensor Corporatian SeaTRAX3-axis tilt-compensateteading
sensor(pn 13457 with SefZ shield, or pnl3118without SerZ shield. SeaTRAXis ahigh-
performance,low-power consumption, tHtompensatecheading sensomcorporaing P N1 6 s
advanced magnetic distortion compensation and calibration scoring algorithms to provide
industryleading heading accuracySeaTRAX combines PNd gatented magnetmductive
sensors and measurement circuit technology wittagSMEMS accelerometer for unparalleled
cost effectiveness and performance.

SeaTRAX was designed with oceanolaggrketsin mind. Specifically, the narrow forfactor
makes t ideal for inclusion in streamers and towed arra@ampared tdluxgate sensors that

tend to domiate these markets, the SeaTRAX requires much less power, is smaller, and
provides a variety of calibration options. And the accuracy of the SeaTRAX sespasst
fluxgate heading sensors.

While designed with oceanology markets in mind, SeaTRy/aX beideal for noroceanology
applications that desire its narrow fofactor, such as for sighting on laser range finders and far
target locaters.

PNI recognizesnot all applications allow for significant tilt during calibration, so multiple
calibration methods are available to ensure optimized performance can be obtained in the real
world. These includérull-RangeCalibration, wherO4 5 A of t i | tg calisratiqgno s si b |
2D Calibration when constrained to calibration in a horizontal or-ime@azontal plane, and
Limited-Tilt Calibration when tilt is constrained to <45° but >5° of tilt is possible.

PNI also recognizes conditions may change over time, anditdaim superior headirgccuracy
it may be necessary to recalibrate tieading sensorSo theSed RAX incorporatedHard-Iron-
Only Calibration to easily acunt for gradual changes in timeagneticsignature of the host
system And theaccelerometetanbe recalibrated in the field if desired.

Web r e the BeaTRAXwill help you to achieve the greatest performance from your system.
Thank you for selecting theeaTRAX

PNI Sensor Corporation DOC#1018154 r03.1
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3 Specifications

3.1 Characteristics & Requirements

Table 3-1: Performance Characteristics?

Parameter Value

O 6 5 Apitch 4fter full range calibration | <0.3° rms
O 8 0 Apitch dfter full range calibration | <0.5° rms
Accuracy O 5 A pitohfafter 2D calibration <2.0° rms
Heading O 2imes the calibration tilt angle when o
. . . ) ., <2.0°rms
using limited-tilt calibration
Resolution 0.1°
Repeatability 0.05° rms
Pitch +90°
Range
Roll + 180°
Pitch 0.2° rms
_ O65A of pitclh02ms
Attitude Accuracy N p -
Roll O80A of ©pitchO04°ms
O86A of pitclhl0°rms
Resolution 0.01°
Repeatability 0.05° rms
Maximum Operational Dip Angle® 85°
Calibrated Field Range + 125 uT
Magnetometers Resolution 0.05 uT
Repeatability £0.1uT

Footnotes:
1. Specifications are subject to change. Assumes the SeaTRAX is motionless and the local
magnetic field is clean relative to the user calibration.
2. For example, if the calibration was performed over £10° of tilt, then the SeaTRAX would provide
<2° rms accuracy over +20° of tilt.
3. Performance at maximum operational dip angle will be somewhat degraded.

PNI Sensor Corporation DOC#1018154 r03.1
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Table 3-2: Absolute Maximum Ratings

Parameter Minimum Maximum  Units
Supply Voltage -0.3 +10 VDC
Storage Temperature -40 +85 °C

CAUTION:

Stresses beyond those listed above may cause permanent damage to the device. These are
stress ratings only. Operation of the device at these or other conditions beyond those
indicated in the operational sections of the specifications is not implied.

o

Table 3-3: Electrical Requirements

Value

3.8t0 9 VDC
2.4V minimum
0.6 V maximum

Supply Voltage

High Level Input
Low Level Input

Communication Lines

Output Voltage Swing

+5.2 V typ., £5.0 V min.

Tx Output Resistance 300 VY
@ max. sample rate 25 mA typical
Average Current Draw @ 8 Hz sample rate 17 mA typical

Peak Current Draw

During application of
external power

180 mA pk, 60 mA avg
over 10 ms

During logical power
up/down or Sync Trigger

135 mA pk, 60 mA avg
over 4 ms

Sleep Mode Current Draw 0.3 mA typical

Table 3-4: 1/O Characteristics

RS232 UART

PNI Binary

300 to 115200 baud
~50 samples/sec

Communication Interface
Communication Protocol
Communication Rate

Maximum Sample Rate*

Time to Initial Initial power up <210 ms
Good Data’ Sleep Mode recovery | <80 ms
Footnotes:
1. The maximum sample rate is dependent on the strength of the magnetic
field.
2. FIR taps set to fi00.

DOC#1018154 r03.1
Page 4
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Table 3-5: Environmental Requirements

Parameter Value

Operating Temperature®

-40C to +85C

Storage Temperature

-40C to +85C

Footnote:

1. To meet performance specifications across this range,
recalibration will be necessary as the temperature varies.

Table 3-6: Mechanical Characteristics

Parameter Value

Dimensions | w/o shield 70 x11.8 x 9.8 mm

(Ix w x h) with shield | 70 x 11.8 x 10.3 mm

Weight 4.3 gm

Connector 4-pin Molex, pn 53780-0470

PNI Sensor Corporation
SeaTRAX User Manual
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3.2 Mechanical Drawings

DIMENSIONS IN MM, and
NOMINAL UNLESS OTHERWISE NOTED 70.0

05— ~—— 250 ——-‘

(cNc)

% [oNC]
108max | _ . _ e
8 -ll[ijlln i ”{B Occupie'd PCB E[ B i oo

)

0

X
clele)]
re)

—-

w

]
L] N 0.8 Py
W/O SHIELD 2.3 4X R1.11 / € /

Molex PN 53780-0470
Mates with PN 51146-0400

ﬂ
g

Through-hole Solder Pads for Direct
Wire Connection - 4 places
0.94 mm 1D holes, #20 AWB max.

6.3 v H [ LT
3 .0

WITH SHIELD 23

.

The SeaTRAX with the shield is PNI pn 13457, while without the shield the it is pn 13118.
The default orientation is for the arrowheadt o point in the Aforwardo direction

Note: The full-radius cut-outs along the long sides are intended for test fixturing and not as the
mechani cal mount in the userds system. PNI recommends
the PCB to a shel f orTygicalpSeaTRAXtwhoeu | uds ebred sp ostytsetde mm.n t he u:

Figure 3-1: SeaTRAX Mechanical Drawing
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4  Set-Up

This section describes how to configure B&alRAX in your host system. To install the
SeaTRAXinto your systemfollow these steps:

1 Make electrical connections to tBeaTRAX

1 Evaluate the&seaTRAXusingSeaTRAX Studimr abinaryterminal emulation program,
such aRkealTerm or Terderm to ensuréheheading sensayenerally works correctly

1 Choose a mountinigcation

1 Mechanically mount th&eaTRAXin the host system

1 Performauser cabration

4.1 Electrical Connections

The SeaTRAXincorporates & pin Molex connector, part numbB87830470, which mates
with Molex part 511460400 or equivalentand alternativel allows the user to directly solder
to the board using the 4 througbles directly in front of the connectorhe pirroutis given
belowin Table4-1.

Table 4-1: SEATRAX Pin Descriptions

Pin Number? Description

1 UART RXx
2 UART Tx
3 Vin

4 GND

Footnote:
1. Pin#1 is located per Figure 3-1.

After making the electrical connections, it is a good idea to perform some simple tests to
ensure theSeaTRAX is working as expected. Se®ection6 for how to operate the
SeaTRAXwith SeaTRAX Studipor Section7 for how to operate th8€eaTRAXusingthe

PNI binary protocal

4.2 Installation Location

The S e a T R Avkl® dynamic range and sophisticated calibration algorithms allow it to
operate in many enwnments. For optimal performance however, you should mount the
SeaTRAXwith the following considerations in mind:

PNI Sensor Corporation DOC#1018154 r03.1
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4.2.1 Operate within the SeaTRAXG6 slynamic range

The SeaTRAXcan beuser cabrated to correct for static magnetic fields created by the

host system. However, each axis of 88aTRAXhas a calibrated dynamic range of

+125 uT. If the total field exceeds this value for any axis, 88aTRAX may not

perform to specification When mounting theSeaTRAX consider the effect of any

sources of magnetic fields in thestenvironment that, when addedEar t h6s f i el d,
take theSeaTRAXout of its dynamicregime For example, large masses of ferrous

metals such as transformers andhigke chassis, large electric currents, permanent
magnets such as electric motors, and so on.

4.2.2 Locate away from changing magnetic fields

It is not possible to calibrate for changing magnetic anomalies. Thus, for greatest
accuracy, keep thBeaTRAXaway fran sources of local magnetdistortion that will
change with timesuch aslectrial equipment that will be turned on and,aif ferrous
bodies that willmove Make sure th&eaTRAXis not mounted close to cargo or payload
areas that may be loaded wi#inge sources of local magnetic fields.

4.2.3 Mount in a physically stable location

Choose a location that is isolated from excessive shock, oscillation, and vibratien.
SeaTRAXworks best when stationary. Any rgravitational acceleration results in a
dist orted reading of Earthés gravitational v

4.2.4  Location-verification testing

Locationverification esting should be performeat anearly stage of development to
understané@nd accommodatfie magnetic distortion adributors in a host system.

Determine the distance range of field distortion.

Place the heading sensoin a fixed position, then mover energize suspect

components while observing the output to determine when they are an influence.
Determine if the magnetic field is within the dynamic range of the heading
sensor.

With the heading sensamounted, rotate and tilt the system in as many positions as
possible. While doing so, monitor the magnetometer outputs, observing if the
maximumlinearrange is exaeded.

PNI Sensor Corporation DOC#1018154 r03.1
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4.3 Mechanical Mounting

For theSeaTRAX the fullradius cutouts along the long sidese intended for test fixturing

and not as the mechanigabunt int h e ©®ystem. &P8ll recommends securing the long
edge of the PCB t o asystemesing an @adhesiveildeallyite t h e
SeaTRAXalsowoul d be fully potted in the useros
vibration effectsReferto Section3.2for dimensionshole locationsand thereference frame
orientation

Note: Ensure that when attaching the SeaTRAX to the host system, the mounting method does not
introduce stresses on the board, as this can affect the performance of the accelerometer, and
therefore also negatively affect heading accuracy.

4.3.1 Pitch and Roll Conventions

The SeaTRAX usesa MEMS accelerometeto measure the tilt angle of theeading
sensor This data is output gstch and roll data, and is also used in conjunction with the
magnetometers to provide a-tbmpensated heading reading.

The SeaTRAXutilizes Euler angles as the method for determining accurate orientation.
This method is the same used in aircraft dagan where the outputs aheading &lso
called yaw or azimutl), pitch androll. When using Euler anglesoll is defined as the
angle rotated around an axis through the center of the fusefaitespitch is rotation
around an axis through the centertloé wings. These two rotations are independent of
each other since the rotation axes rotate with the plane body.

As shown inFigure4-1, for theSeaTRAXa positivepitch is when the front edge of the
board is rotated upward and a positive roll is when the right edge of the board is rotated
downward.

/

- Direction of Travel
or Line of Sight

5 67 Negative

; o PITCH
Negative Positive AXIS
ROLL- Positive
AXIS

Figure 4-1: Positive & Negative Roll and Pitch Definition

PNI Sensor Corporation DOC#1018154 r03.1
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4.3.2 Mounting Orientation

The SeaTRAX can be mounted in variousrientations as shownn Figure 4-2. All
reference points are based on the white sillieened aow on the top side of the board.
The orientation should be programmed in BeaTRAXusing the kSetConfig command
and the kMountingRef setting, as described in Sett®hf The default orientation is
AiSTD O0AO.

sTDO°

HEADING

"Y"UP 0 g .
HEADING Z" DOWN 0 HEADING

"Y" UP 90°

“Z" DOWN 90°

HEADING
HEADING

-

"Y" UP 180° HEADING

"Z" DOWN 180°

HEADING
-

STD 270"

HEADING “Z" DOWN 270°

HEADING
HEADING
-

Figure 4-2: Mounting Orientations
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5 User Calibration

Themagnetic sensan theSeaTRAXisc al i br at ed at PNI 6s factory |
environment. However sources of magnetic distortion positioned neéBe®iERAXin the
usero6s system wil|l di stort Earthdos magnetic

system with a usezalibration. Examples of such sources include ferrous metals and alloys (ex.
iron, nickel, steel, etc.), batteries, audio speakers, cucegnting wires, and electric motors.
Compensation is accomplished by mounting$e@aTRAXin the host system angkrforming a

user calibration. It is expected the sources of magnetic distortion remain fixed relative to the
S e a TR Apssitien within the host system. By performing a calibration, SsaTRAX
identifies the local sources of magnetic distortion and tesgtheir effects from the overall
reading to provide an accurate heading.

As with the magnetic sensahe accelerometein theSeaTRAXisc al i br at ed at P NI
But theaccelerometegradually changeover time, and the user either will need toipdically

perform a user accelerometer calibration or return the unit to PNI for recalibration. Aso& rule

thumb, theaccelerometeshould be recalibrated every 6 to 12 months. Unlike a magnetic
calibration, theaccelerometermay be calibrated outsidthe host system. Accelerometer
calibration is more sensitive to noise or hand jitter than magnetic calibration, especially for
subsequent use at high tilt angles. Because of this, a stabilized fixture is suggested for
accelerometer calibration, althouggsting the unit against a stable surface often is sufficient.

Key Points:

1 Magneticcalibration:

0 Requires incorporating tteeaTRAXi nt o t he user 6s host sys
magnetic components of the userds syste

o Allows for 4 different methods of calibratiorzull-RangeCalibration provides
the highest heading accuracy, but requikes f pitch. 2D and.imited-Tilt
Calibration allow for good calibration when the range of allowable motion is
limited. HardIron-Only Calibration updates the hantn compensation
coefficients with a relatively easy procedure.

1 Accelerometer calibration requires rotating BeaTRAXthrough a full sphere of
coverage, but does not need to be incorporated he user 6s kbratooh.em dur i

1 If the SeaTRAX will experience different states during operation, such as operating with
a nearby shutter sometimes closed and sometimes open, or operating over a broad
temperature range, then different sets of calibration coefficients candzbfeathe
various states. Up to 8 magnetic calibration coefficient sets and 3 accelerometer
calibration coefficient sets can be saved

PNI Sensor Corporation DOC#1018154 r03.1
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5.1 Magnetic Calibration

Two fundamental types of magnetic distortion exitsardiron distortion and soft iron

distortion These are discussed in the following two paragraphs, plus a discussion on how
temperature also effects magnetic distortions. For more information on magnetic distortion
and calibration, see PNI 6s white p-Axser iLo
Compassi ngo ahttp:/RviNw.@nsorpveeritechnolay/papgrs

Hard-iron Effects

Hardiron distortions are caused by permanent magnets and magnetized object
close proximity to the sensarThesedistortions adar subtract fixed componento
each axis othe magnetic field readingHard-iron distortiors usually areinchanging
and in a constant location relative to the sexgor all heading orientations.

Soft Iron Effects

Magneticdl y A s o f & éffectivaly bendithe magnetic field near them. These
materials have a higmagneticpermeability meaning they easily seras a path for
magneticfield lines. Unlike hardiron effects, sofiron effects do not increase or
decrease thtotal field in the area. However, the effect of the-goft distortion
changes as the host systemdbs orientation
to compensate for seiiton materials.

Temperature Effects

While the hardiron andsoftiron distortion of a system may remain quite stable over
time, normally the distortion signature will change over temperature. As a general
rule, the hardron component will change 1% per°@temperature change. Exactly
how this affecs heading dpends on several factors, most notably kzediron
component of the system and thelination, or dip angle.

Consider the example offest systenwith a 100 pT hardron component Thisis a
fairly large hardiron component, but not completely uncooom A 10°C
temperature change will alter the magnetic field-tbyuT inthedirectionof the hard
iron component Around San Franciscvith an inclination of ~69 thisresulsin up
to a couple of degrees of heading change bO¥L.

Consequently, no atter how stable a compass is over temperature, it is wise to
recalibrate over temperature since the magnetic signature of the host system will
change over temperature. T8eaTRAXhelps accommodate this issue by allowing
the user to save up to 8 setsmégnetic calibration coefficient sets, so different
calibration coefficients can be generated and loaded at different temperatures.

PNI Sensor Corporation DOC#1018154 r03.1
SeaTRAX User Manual Page 12


http://www.pnicorp.com/technology/papers

Other Considerations

The SeaTRAX measures the totalgneticfield within its vicinity, which is a
combination of B r t rhagnstic field and local magnetic sources and distortions.
WhiletheSea TRAXO0s c al i tancampensatéor bbdalgtaticnnagnietio
sources, it is not possible to compensate for dynamic changes in the magnetic field.
Consequently, it is recommeed to keep the SeaTRAX away from dynamic
magnetic fields. If this is not possible, then take measurements only when the state of
the magnetic field is known. For example, if an electric motor is nearby take
measurements only when the motor is off. Algively, different sets of magnetic
calibration coefficients can be generated in advance for various states and then called
when appropriate. Using the prior example, generate and use one set of coefficients
for when the motor is off and another setwdren the motor is on.

The main objective of a magnetic user calibration is to compensate foirdrarand soft

iron distortions to the magnetic field caus
To that end, th&eaTRAXneeds to be mounted withthe host system and the entire host

system needs to be moved as a single unit during a user calibratiorsedhRAXallows

the user to perform a calibration only in a 2D plane or with limited tilt, but provides the
greatest accuracy if the user camate through 360° of heading and at least £45°0f tilt

The following subsections providastructions for performinga magnetic calibrationf a

SeaTRAX system Several calibration mode options exist, as summarizdalme5-1. To

me et t he accuracy specification, t he numb
Recommendedo val ue, or greater. Cali bratio
PNI binary protocoland up to 8 sets of magnetic calibration coefficients may be savesd
recommendectalibration patterns described in thellowing sulsectionsprovide a good

distribution of sample pointsAlso, PNI recommends the location of the SeaTRAX remain

fairly constant while only the orientation is changed.

Table 5-1: Magnetic Calibration Mode Summary

. . . Minimum
ﬁ%léga“on Static Accuracy g:ﬁilr?an(?ael Recommended ,g:clcg\g;bllzf
9 # of Samples P

Full-Range 0.3°rms >+45° 12 1071 32

2D Calibration <2° <+5° 12 1071 32
Limited-Tilt <2vover 2xtilt | 5o g 4450 12 107 32

range
Restores prior 5 i
Hard-Iron-Only accuracy >+3 6 4-32
PNI Sensor Corporation DOC#1018154 r03.1
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Before proceeding with a calibration, ensure 88 TRAXis properly installed in the host
system. The device should be installed as discussed in Séc#ind the software should be
properly configured with respect toounting orientation, Endianness, north reference, etc.

Section6.4 outlines how to perform a calibration using Stuawhjle Section7.3.10provides
a stepby-step example of how to perform a calibration using the PNI protocol.

5.1.1 Full-Range Calibration

A Full-RangeCalibration is appropriate when tl®aTRAXcan be tiltedt45° or more.

This method compensates for hard and soft iron effects in three dimensions, and allows
for the highest accuracy reading¥he recommended 12 point calibration pattern is a
series of 3 circles of evenly spaced points, as ittt inFigure5-1 and listed inTable

5-2. The pitch used in the secoadd third circles of the calibration should at least match
the maximum and minimum pitch the device is expected to encounter in use.

Top Views Side Views
Minimum 12 good user- 4
calibration points. Additional
points can be added including <
upside down if possible. ~
1 \
s
]
Little -
(B 85 L) ——
\ /
\ 3 7

Large Positive \ /
Pitch i

Alternate Roll between
points - odd number:
points positive roll,
even negative roll

Pitch / N

Figure 5-1: 12 Point Full-Range Calibration

Note: While Figure 5-1 shows the location of the device changing, this is for illustration purposes and it is
best for the location of the device to remain constant while only the orientation is changed.
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Table 5-2: 12 Point Full-Range Calibration Pattern

Sample # Yaw?! Pitch Roll
First Circle
1 0° +5° 30° to 40°
2 90° +5° -30° to -40°
3 180° +5° 30° to 40°
4 270° +5° -30° to -40°
Second Circle
5 30° > +45° 30° to 40°
6 120° > +45° -30° to -40°
7 210° > +45° 30° to 40°
8 300° > +45° -30° to -40°
Third Circle
9 60° < -45° 30° to 40°
10 150° < -45° -30° to -40°
11 240° < -45° 30° to 40°
12 330° < -45° -30° to -40°
Footnote:

1. Yaw listings are not absolute heading directions but rather relative heading
referenced to the first sample.

5.1.2 2D Calibration

A 2D Calibration is intended for very low tilt operation {x5vhere calibrating the
SeaTRAXwith greater tilt is not practical.

This procedure calibrates for hard and soft iron effects in only two dimensions, and in
general is effective for operation and calibration in the tilt rangestto +5°. The
recommended 12 point calibrationt{ean is a circle of evenly spaced points, as given in
Table5-3.
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Table 5-3: 12 Point 2D Calibration Pattern

Sample # Yaw Pitch® Roll*
1 0° 0° 0°
2 30° max. negative | max. negative
3 60° 0° 0°
4 90° max. positive max. positive
5 120° 0° 0°
6 150° max. negative | max. negative
7 180° 0° 0°
8 210° max. positive max. positive
9 240° 0° 0°
10 270° max. negative | max. negative
11 300° 0° 0°
12 330° max. positive max. positive

Footnote:

1. For best results, the tilt experienced during calibration should match that experienced
in service. For example, if the SeaTRAX is restrained to a level plane in service, then

calibration shouldbei n a pl amax .wlporse tii veod aamed° . imax. negat.i

5.1.3 Limited-Tilt Calibration
A Limited-Tilt Calibration is recommended when°4bf t i |t i s n®oftitf easi b
is possible. It provides bothardiron and soft fon distortion correction. The

recommended?2 pointcalibration patterrgiven belowis a series of 3 circles of evenly
spaced points, with as much tiltriaion as expected during use.

Table 5-4: 12 Point Limited-Tilt Calibration Pattern

Sample # Yaw Pitch Roll
First Circle
1 0° 0° 0°
2 90° 0° 0°
3 180° 0° 0°
6 270° 0° 0°
Second Circle
7 45° > +5° > +5°
8 135° > +5° > +5°
11 225° > +5° > +5°
12 315° > +5° > +5°
Third Circle
13 45° < -5° < -5°
14 135° < -5° < -5°
17 225° < -5° <-5°
18 315° <-5° <-5°
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Note that a similar and acceptable alternative pattern would be to follow the
recommended 12 poifull-RangeCalibration pattern, but substituting th&4%° of pitch

with whatever pitctcan be achieved and th&8@? to +40° or roll with whatever roll can

be achieved up to these limits. (See Sedidnl)

5.1.4

Hard-Iron-Only Calibration

It is not uncommon for the haitbn magnetic distortions around ttf&eaTRAXto
change. Some reasons for this include significant temperature change or temperature
shock to a system, as well as gradual aging of componentsHar&Iron-Only
Calibration allows for quick recalibration of th&eaTRAX for hardiron effects, and
generdl is effective for operation and calibration in the tilt range odB8more §45° is
preferred. The recommendeé point calibration patterrgiven belowis a circle of
alternatéy tilted, evenly spaced points, with as mudhas expected during use.

Table 5-5: 6 Point Hard-Iron-Only Calibration Pattern

Yaw
OQ

Sample #

Pitch?

max. negative

Roll*

max. negative

60°

max. positive

max. positive

120°

max. negative

max. negative

180°

max. positive

max. positive

240°

max. negative

max. negative

OO (WIN|F

300°

max. positive

max. positive

Footnote:

1. For best results, the tilt experienced during calibration should match that experienced
in service. For example, if the SeaTRAX will be subject to £45° of pitch and roll when

inservice,t hen @ max

nega#dicaed

Bmax!| dodviet i ¥veod

shoul d

5.2 Accelerometer Calibration

The SeaTRAXusesa MEMS accelerometeto measureattitude This data ioutput as pitch
and roll data. Additionally, the accelerometer data is critical for establishing an accurate

heading reading when thfeeaTRAXi s
Induced Heding Error in a 2AX i s

til

(http://lwww.pnicorp.com/technology/papgrs

ted,
Compasso,

as
w h

di

scuss<ed i
i ch can be

The SeaTRAXalgorithms assume tlaecelerometeonly measurethe gravitational field.If
the SeaTRAX s accelerating, this will result in theaTRAX calculating an inaccurate
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gravitational vector, which in turn will result in an inaccurate heading reading. For this
reason, th&eaTRAXshould be stationary when taking a measurement.

As previously mentioned, PNI calibrates thecelerometein its factory prior to shipment.

But over time the bias and offset of tlaecelerometewill drift. For this reason PNI
recommends thaccelerometebe recalibrated every 6 to 12 months. The usay return

the SeaTRAX to PNI for accelerometer calibration, or the user may perform a user
accelerometer calibration. The remainder of this section covers the user accelerometer
calibration.

5.2.1 Accelerometer-Only Calibration

The requirements for a goodansaccelerometer calibration differ significantly from the
requirements for a good magnetic calibration. Specifically, a good accelerometer
calibration involves the&seaTRAX experiencing a wide range of pitch and roll values,
preferably seeing both £180F pitch and £180° of roll. Also, it is necessary for the
SeaTRAX to be very still during an accelerometer calibration. If possible, PNI
recommends using a fixture to hold the device during calibration, although resting the
SeaTRAXon a hard grface normby is sufficient.

The accelerometer either can be calibrated while mounted in the host system or it may be
removed and calibrated outside the system. The advantage of performing the calibration
while mounted in the host system is the user does not agethbve the SeaTRAX from

the system, which can be burdensome, and a simultaneousrd#gcel Calibration

may be appropriate. The advantage of performing the calibration outside of the system is
it may be much simpler to obtain the desired range dfi piba roll.

Note: While the SeaTRAX is shown removed from the host system, the Accelerometer
Calibration may be performed with t&@aTRAXmounted in the host system.

Figure 5-2 shows the two basic starting positions for the recommendepoib8
calibration pattern. Starting with tl@eaTRAXas shown on the leih Note: While the
SeaTRAX is shown removed from the host system, the Accelerometer Calibration may
be performed with th8eaTRAXmounted in the host system.

Figure5-2, rotate the device about its z axis such that it sits on eachdoédges, taking

one calibration sample on each edge. Then plac&d¢h&@ RAXflat on the surface and
take a calibration sample, then flip it over (roll it 180°) and take another sample. Next,
starting with theSeaTRAXas shown on the right, take a caltiiva point with it being
vertical (0°). Now tilt theSeaTRAXback 45° and take another calibration point (+45°),
then tilt the device forward 45° and take another calibration palbt), Repeat this-3

point calibration proces®r the SeaTRAXwith it resting on each of its 4 corners. Note
that it is possible to perform an Accelerometer Calibration with as few as 12 sample
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points, although it generally is more difficult to obtain a good calibration with just 12
sample points. Also, the maximum numbgcalibration points is 18.

Note: While the SeaTRAX is shown removed from the host system, the Accelerometer
Calibration may be performed with the SeaTRAX mounted in the host system.

Figure 5-2: Accelerometer Calibration Starting Orientations

5.2.2 Mag-and-Accel Calibration

The SeaTRAXallows for a simultaneous magnetometer and accelerometer calibration.

This requires a good calibration pattern, stable measurements (not handheld), and
installatonint he userd6s system such that the appr
present. PNI recommends 18 to 32 calibration points fdagandAccel Calibration

The AccelerometefOnly Calibration pattern discussed in Sect®2.1 will work for a
Mag-andAccel Calibration. Optimal performance is obtained when all rotations of the

cube are performed towards magnetic north to achieve the widest possible maddetic fie

distribution.

Note that combining calibrations only mak
distortions (steel structures or batteries, for instance) are present and fixed relative to the
module when calibrating. If th&ccelerometeOnlyCalibra i on i s per f or med,

system distortions are not relevant, which allows3kaTRAXto be removed from the
host system in order to perform tAecelerometeiOnly Calibration.
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6 Operation with SeaTRAX Studio

SeaTRAX Studigouts an easyo-use graphi@l-userinterface(GUI) onto the binary command
language used by tifeeaTRAX SeaTRAX Studias intended for evaluating, demonstrating,
and calibrating th&SeaTRAX module. The progranncludes the ability to log and save the
outputsfrom the SeaTRAXto afile for off-line evaluation Check the PNI website for the latest
SeaTRAX Studiaupdates atvww.pnicorp.com

The SeaTRAX Studicevaluation software communicates with theaTRAXthrough theRS232
serialport ofa conputer.

6.1 Installation

SeaTRAX Studiois provided as ra executableprogram which can be downloaded from
PNI 6s wtenvbl svork weth Windows XP, Windows Vistayindows 7 and Mac OS X
operating systemsCheck the PNI web page atvw.pnicorp.confor the latest version.

For Windows computers, copy tiRNIStudiomsi file onto your computer Then, open the
file and step through the Setup Wizard.

For Mac computersgopy thePNIStudio.zip file onto your computer. This automatically
placesthe application in the working directory of your computer. The Quesaip)wiso in
the zip file, needs to be moved foibrary/CFMSupport, if it is not already there.
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6.2 Connection Tab

|§ sealrax.studio Ver. 1.0, \_J ‘\3
File Edit
Module SeaTRAX Connected &
P N I Firmware “Wersian 907

Serial Number
FCAMersion

Connection | Configuration | Calibratian | Test Log Data | Graph | System Log

Computer

Serial Port | CORI

Beud e ]

hModule

Baud Rate 300

6.2.1 Initial Connection
If using the PNI duatonnectorized cable, ensuhe batteries areell-charged.

1 Select the serial port theoduleis plugged intpwhich is generally COM.1
M1 Select 38400 as the baud rate.
i Click the <Connect> buttoifithe connection isiot automatic

Once a connection is made thedt@oduokedsedo
firmware \ersion,serial umber and PCA versiowill be displayedn theheader sectian

6.2.2 Changing Baud Rate
To change the baud rate:

1 In the Module window, alect thenew baud rate for the module.

1 Click the <Power Down> buttoriThe button will change to read <Power Up>.
1 Inthe Computer window gtect same baud rate for the computer.

1 Click the <Power Up> buttonThe button will revert back to <Power Down>.

Note: While the SeaTRAX can operate at a baud rate of 230400, a PC serial port normally will
not operate this fast.
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6.2.3 Changing Modules

Oncea connection has been madgeaTRAX Studiowill recall the last settings.If a
different module isused click the <Connet> button once the new module is attached
Thiswill reestablish a connectipassuminghe module baud rate isichanged

6.3 Configuration Tab

|“ ealraxstudioVerssivo] \_J _|h3
File  Edit
Module SeaTRAX Connected &
ep N I Firmware “ersion s401
Serial Mumber
FCAVersion

Connection Céﬁf‘\awéﬁﬁ“ﬂ“; Calibration | Test Log Data | Graph | System Lag

Mounting Options Filter Settings Calibration Settings
glp 9 )
Taps
i’ [ Automatic Sampling
MNarth Feference Actjuisition Seftings Calliatizilon =Ny 12
@ Magnetic O True Mode @ Poll O Continuous iR Remge i
O HI Only Calibration
DeiEiE pollbele v C Limited Tilt Riange Calibration
Acruire Delay |0 © 20 Calibration
Endianess o
® o Sample Delay |0 Accel only Calibration
g Ll O Accel Calibration with Mag
[IFlush Filters
CQutput HPF Dwring Calibration
@ Degrees O Mils & 0n Qoff [ Defautt ] [ Retieve | [ Save |

Enable 30 Model Display

Note: No settings will be changed in the module until the <SAVE> button has been selected.

6.3.1  Mounting Options

SeaTRAX Studiosupportsl6 mounting orientationsgs illustratedoreviouslyin Figure
4-2. The descriptiors in SeaTRAX Studioare slightly different fom those shown in
Figure4-2, and the relationship between the two sets of descriptions is given below.
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Table 6-1: Mounting Orientations

SeaTRAX Figure 4-2 SeaTRAX Figure 4-2
Sillize Description SULENE Description
Description P Description P

Standard STD 0° Y Sensor Up iYo Up O0A
Standard 90 STD 90° Y Sensor Up Plus AiYo Up 90
Degrees 90 Degrees

Standard 180 R Y SensorUp Plus | . |, »

Degrees STD 180 180 Degrees hvo Up 18
Standard 270 o Y Sensor Up Plus | .. , .

Degrees SD 2t 270 Degrees nve bLp 27
X Sensor Up i X0 0°Up Z Sensor Down AZd6 Down
X SensorUpPlus |~ |, Z Sensor Down S o s

90 Degrees WR@ DB Plus 90 Degrees hzo Down
X SensorUp Plus | « |, Z Sensor Down ORI

180 Degrees iXo Up 18 Plus 180 Degrees izo Down
X SensorUp Plus | . |, Z Sensor Up Plus | . .

270 Degrees RO D e 270 Degrees hzo Down

6.3.2 North Reference

Declination, also called magnetic variation, is the difference between true and magnetic
north. It is measured in degrees east or west of true north. Correcting for declination is
accomplished by storinthe correct declination angle, and then changing the heading
reference from magnetic north to true north. Declination angles vary throughout the
world, and change very slowly over time. For the greatest possible accuracy, go to the
National Geophysical &a Center web page below to get the declination angle based
your latitude and longitude:

http://www.ngdc.noaa.gov/geomagmodels/Declination.jsp

Magnetic
When the<Magnetic>button is selected, heading will be relativertagneticnorth.
True

When the<True> button is selected, heading will be relativetrioe north. In this
case t he declination needs to be set in

6.3.3 Endianess

Select either the <Biger <Little> Endian button. The default setting isBig>. See
Sectionsr.2for additional information.
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6.3.4 Output

The SeaTRAXmodule can output headjnpitch, and roll ireitherdegrees or milsClick
either the <Degrees> or <Mils> button. The default is <DegreesheréTare 6400 mils
in a circle, such that 1 degree = 17.7778 mils and 1 mil = 0.05625 degree.

6.3.5 Enable 3D Model

SeaTRAX Studié s Tale iactudes a livaction 3D rendering of a helicopter. Some
computer systems may not have the graphics capability to render the 3D Model, for this
reason it may be necessary to turn off this feature.

6.3.6  Filter Setting (Taps)

The SeaTRAXincorporates &inite impulse response (FIR) filter to effectively provide a

more stable heading reading. The number of taps (or samples) represents the amount of
filtering to be performed.The user should select either 0, 4, 8, 16, or 32 taps, with zero
taps represemg no filtering. Note that selecting a larger number of taps can
significantly slow thetime for the initals ampl e reading and, i f
selected, theate at which data is outputhe default setting is 32.

6.3.7 Acquisition Settings
Mode

When operating in ContinuousAcquisition Mode, theSeaTRAX continuously
outputsdatato the host systemThe rate is set by tieample Delay. When operating
in Poll Mode,SeaTRAX Studisimulates a host system and polls & TRAXfor a
single measurementubSeaTRAX Studianakes this request at a fixed rate which is
set by the Paihg Delay. In both cases data is continuously output, bi@amtinuous
Mode theSeaTRAXcontrols the data rate while in Poll Mode theaTRAX Studio
program controls the datatea Poll Mode is the default.

Poll Delay

The Poll Delay is relevant when Poll Mode is selected. It represents the time delay,
in seconds, between the completion of SeaTRAX Studio receiving one set of sampled
data andrequeshg the next sample setlf the delayis set to Qthen SeaTRAX
Studiorequest new data as soon as the previous reqieftlfilled. Note that the
inverse of the Poll Delay is greater than the sample rate, since the Poll Delay does not
include the actual measurement acquisitiore. The default is O.
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Acquire Delay

The AcquireDelay sets the time between samples taken byntbdule, in seconds

This is an internal setting that is NOT tied to the time with which rtfuelule
transmits data tdSeaTRAX Studioor the host system Generally speaking, the
Acquire Delay is either set to 0, in which case the SeaTRAX is constantly sampling
or set to equal either the Poll Delay or Sample Delay values. The advantage of
running with an Acquire Delay of O is the FIR filter can run with atre¢ly high Tap

value to provide stable and timely data. The advantage of using a greater Acquire
Delay is power consumption can be reduced, assuming the Sample or Poll Delay are
no less than the Acquire Delay.

Sample Delay

The Sample Delay is relevamthen Continuous Mode is selected. It is the time
delay, in seconds, between completion of @@ TRAXsending one set of data and

the start of sending the next sample détthe delayis set to Qthenthe SeaTRAX

will begin sendinghewdata as soon dke previouslata set has been sent. Note that

the inverse of the Sample Delay is greater than the sample rate, since the Sample
Delay does not include the actual measurement acquisition time. The default is 0.

Flush Filters

Flushing the FIR filter clearall the filter values so it is necessary to fully repopulate
the filter before a good reading can be given. For example, if 32 FIR taps is set, then
32 new samples must be taken to provide a geading. It is particularly prudent to

flush the filterif the SampleDelay is set to a nemero valueas this will purge old

data. Note that flushing the filters increases the delay until data is output, with the
length of the delay being directly correlated to the number of FIR taps. The default is
not to Hush Filters

6.3.8 HPR During Calibration

When the <On> button is selected, heading, pitch, and roll will be output on the
Calibration tab during a calibration.

6.3.9 Calibration Settings

Automatic Sampling

When selected thenodule will take a samplepoint once minimum change and
stability requirementhave been satisfied. If the user wants to have more control
over when the point will be taken then Auto Sampling should be deselected. Once
deselected, the <Take Sample> button on the Calibrationillaevactive. Selecting
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the <Take Sample> button will indicate to theoduleto take a sample once the
minimum requirements are met.

Calibration Points

The user can select the number of points to take during a calibration. The minimum
number of points @eded for a initial calibration is10, although ahardiron-only
(re)calibration can be performed with olysamples Themodulewill need to be
rotated through at least 180 degrees in the horizontal plane with a minimum of at least
1 positive and 1 negive Pitch and at least 1 positive and 1 negative Roll as part of
the 12 points.

Calibration Method Buttons

Full Range Calibration - recommendedalibration method whemw45° of tilt is
possible. The minimumecommendedumber of calibration points 2.

Hard Iron Only Calibration - serves as aardiron recalibration to a prior
calibration. If the hardiron distortion around themodule has changed, this
calibration can bring themodule back into specification.  The minimum
recommendedumber of calibration points &

Limited Tilt RangeCalibration - recommended calibration method whes? of tilt
calibration is availablehut tilt is restrictedo <45°. (i.e. full range calibration is not
possible.) The minimumrecommendedumber ofcalibration points i4.2.

2D Calibration - recommendeavhenthe availabléilt range is limitedto (6°. The
minimumrecommendedumber of calibration points 2.

Accel Calibration Only T The user should select this when accelerometer calibration
will be performed. The minimumecommendedumber of calibration points k8.

Accel Calibration w/Mag i The user should select this wheragnetometer and
accelerometer calibration will be penfioed simutaneously The minimum
recommendedumber of calibration points k8.

6.3.10 Default
Clicking this buttonrevertsSeaTRAX Studigrogram to the factory default settings.

6.3.11 Retrieve

Clicking on tis buttoncausesSeaTRAX Studido read the settings from timeoduleand
display them on the screen.
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6.4 Calibration Tab

|§ sealrax.studio Ver, 1.0, J ‘Lﬂ
File  Edit
Module SeaTRAX Connected 6
P N I Firrnware Yersion s401

Serial Murmber
FCAVersion

Connection | Configuration ;Calibration? Test Log Data | Graph | Systern Log

Samples Calibration Results

Mag CalScore 00.0*
Dist Error 00.0*
Tilt Error 00.0*
1 2 Tilt Range 00.0*
Accel CalScare 00.0*
Current Configuration Options
@ Limited Tilt Cal [] Audible Feedback
®  Automatic Sampling ® Hard Iron Only Cal Number of samples is 12
®  Accel Only Cal @ 2D Only Cal Heading Fitch Rall
®  Accel Cal with Mag A Full Range Cal oo oooo noo.u
[ Clear Accel Calto Factory | [ ClearMag Calto Factory | [ Save |

Note: The default settings are recommended for the highest accuracy and quality of calibration.

6.4.1 Samples

Before proceeding, refer to Sectidn for the recommended calibration procedure
corresponding to the calibration method selected on the Configuration tab.

Clicking the <Start> button begsrnthe calibration processd immediatelyakes the first
sample

I f A Aut oma tignot ceckedpn therCgnliguration tabisihecessary to click
the <Take Samplebutton to take a calibration sample pointhis should be repeated
until the total number of samples, as set on the Carditipn tab, are taken while
changing the orientation of the module between samples as discussed in Bection

I f AAut omati ¢ S,ahemddulewid) aeed te be bdidesiedde fdr a short
time and thera sampleautomaticallywill be taken Once the window indicates the next
number, theanodul®® s o r i e nt adhanged anéiefd staadydfor theenext sample.
Once the preset number of samples has béaken(asset on the Configuration take
calibration is complete.
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6.4.2 Calibration Results

Onceacalibration is complete h €alilfiation Resuld wi ndow wi I | i ndica
of the calibration. This may take a minute or more to populate. phmary purpose of

these scores is to confirm the calibration was successful, as indicated by a low Mag
and/or Accel CalScore. The other scores provide information that may assist in
improving the CalScore, should it be unacceptably higreither CalSore is too high

click the <Start> button to begin a new calibratidhthe calibration isacceptableclick

the <Save> button to save the calibratioo t h e mo.dfuhe eSagesbdttbnass h

not selected then thmodulewill need to be recalibrad after a power cycle.

Note: | f a calibration is aborted, all the scoreds wi
will not be changed. (Clicking the <Save> button will not change the calibration coefficients.)

Mag CalScore

Represents the ewriding indicator of the quality of thenagnetometecalibration.
Acceptable scores will be <1 féwull-RangeCalibration,<2 for other methodsNote

it is possible to get acceptable scores for Dist Error and Tilt Error and still have a high
Mag CalScee value. The most likely reason for thisthie SeaTRAXis close to a
source of local magnetic distortion that is not fixed with respect to the module.

Dist Error

Indicates the quality of the sample point distribution, primarily looking for an even
yaw dstribution. Significant clumping or a lack of sample points in a particular
section can result in a poor scofée score should be <1 and close to 0.

Tilt Error
Indicates the contribution to thidag CalScorecaused by tilt or lack thereofind
takesinto accounthe calibration method.The score should be <1 and close to O.
Tilt Range

This reports the larger of either half the full pitch range or half the full roll range of
sample points.For example, if the module is pitched +16%20°, and rolld +25°t0

-159°, the Tilt Rage value would be 2@&sderived from[+25° - {-15°}]/2). For Full-
RangeCalibration andHard-Iron-Only Calibration this should beD 4°5 For 2D

Calibration thisideallys h o u | d b &imi@d®TAt.Calibrd&ionrthe valushould

be as | arge a possible given the useros c

Accel CalScore

Represents the oweiding indicator of the quality of thaccelerometecalibration.
Acceptable scores will be <1.
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6.4.3 Current Configuration

These indicatormimic the pertinentselections made on the Configuration tab.

6.4.4  Options

This window indicates how many samples are to be taken and provides real time heading,
pitch, and roll information i f AHPR During
on the Configuration tab.

Audible Feedback

If selected SeaTRAX Studiowill give an audible signaivhenevera calibration
samplepointis taken

6.4.5 Clear

Clear Mag Cal to Factory

This buttonclearsthe u s e caldbbstionof the magnetometers.Once selectedhe
module revertsto its factory magnetometercalibration. To savethis actionin
nonvolatilememory, click the <Save> buttorit is not necessary to clear the current
calibration in order to perform a new calibration.

Clear Accel Cal to Factory

This button cl| ear & thaacceleromster Oice selectettheb r at i o
modulereverts back to its factory accelerometer calibratidio. savethis actionin

nonvolatile memory, click the <Save> buttoit.is not necessary to clear the current
calibration in order to perform a new calibration.
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6.5 Test Tab

|W seairaxstudio Ver. d.0) J L _‘LB
File  Edit
Module SeaTRAX Cannected 0
P N I Firmware Yersion $901
" Serial Murnber Sheron
PCAVersion
Connection | Configuration | Calibration | Test Log Data | Graph | Systern Log
Current Reading 30 Maodel
Heading
2 1 3 | 8
Pitch Roll
-000.1 000.5
L] L]

[ Contrast
Acruisition Setings

Module is in POLL mode

Poll delayis 0 seconds

Acruisition delay is 0 seconds

Filters are NOT flushed

Module Outputis in Degrees

[ 8yncMode

6.5.1 Current Reading

Once the <@> button is selected thmodulewill begin outputtingheading pitch androll
information. Selecting the <Stodsutton or changing tabs will halt the output of the
module

Contrast

Selecting this box sets the ACurrent Rea:i
black background, rather than black lettering on a white background.

6.5.2 3D Model

The helicopter will folow the movement of theéSeaTRAX and give avisual
representation of the modul eds orientation
is selected on the Configuration tab.

6.5.3 Acquisition Settings

These indicators mimic the pertinent selections made ondhégQration tab.
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6.5.4 Sync Mode

Sync Mode enabsthe module tostay inSleepModeu nt i | the useros sy
triggerto report data When so triggeredhe SeaTRAXwill wake up report dataonce,

then return toSleep Mbde. One application of this is ttower power consumption.

Another use of the&Sync Modeis to trigger a reading duringan interval when local

magnetic sources are well understood. For instance, if a system has considerable
magnetic noise due to nearby motors, the Synch Mode can bé&uséd measurements

when the motors are turned off.

Enter Sync Mode

Onthe Test tabpear the bottom of the screeaslick the ASync Modeod check boxto
enter Sync Mode

Sync Mode Output

To retrievethe firstreading click the <Sync Read> button. Headingitch androll

information will be displayed on Current Readiwgndow. If theii E n a3D Medel

Di s pl aiyselectedrxthe Configuration tglihenthe helicopter will follow the
movement as well.The module will enteGleep Modeafter outputting thdeading,
pitch, and roll information.To obtainsubsequenteading, the usershouldfirst click

on the <Sync Trigger> button to wake up thmduleand thenclick on the <Sync
Read> button to get the readingfter which the module will return to sleep.

Exit Sync Mode

Click on the<Sync Trigger> button and themcheckthe iSync Mod@® check boxto
exit Sync Mode

Note that <Sync Trigger> sendsOxFF signal as an external interrupt to wake ughe
module This is not done for the first reading as the mleds already awake.
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6.6 Log Data Tab

|T sealraxstudio Ve

File  Edit

feNI

I 1.0,

Module SeaTRAX

Firrmware Yersion s401

Serial Murnber
FCAVersion

Connection | Configuration | Calibration | Test

Diata
Heading
Pitch

Rall
Magx
Magy
MagZ
Accelx
AccelY
AccelZ
Temperature
Distartion

* Ticks is 1/60th of a second

Ticks

00006BEB2
00006B6B6
000066691
00006BEY6
000066700
000066706
000066711
000066715
000068720
000066725
000066730
000066734
000066739
000066745
000068749
0000RE753

Heading 224.8

Heading
2145
21489
2155
2138
207.4
199.0
192.2
189.2
188.4
189.5
1940
199.9
2045
2101
2175
2248

Pitch

Comecred ©

0.0

Rall

03

LogData | Graph | System Log

[] Auto Scrall

[ Clear | [[CGo 7 [ Export |

SeaTRAX Studiacan capture measurement data and then export it to a text file. To acquire
data and export it, follow the procedure below:

1 Select thgparameters you wish o

Ctrl-Click to select multiple itemsl n
A R o Weredselected.
1 Click the <Go> button to start logging. The <Go> button changes to a <Stop> button
after data logging begins.
1 Click the <Sop> button to stopoggingdata

=

og i
t he

n

t h &se®iftaClick@and wi nd o w.

screen

Click the <Export> button to save the data to a file.

9 Click the <Clear> button to clear the data from the window.

Note: The data logger use ticks for time reference. A tick is 1/60 second.
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6.7 Graph Tab

| B e E B[] | Ss=mirstrnbyersio) HE=H
File Edit File  Edit
Module SeaTRAX Connected 6 Module SeaTRAX Connested &
P IN | Firmware Version s901 e — P N | Fimware versian sant e
Serial Number 1031797 [covernon Serial Number 1031797 miocenon)
PCA Version RO113179 PCAVersion RO1I3178
Connection | Configuration | Calibration | Test | Log Data| Graph | System Log Connection | Configuration | Calibration | Test | Log Data| Graph | System Lag
GraphData  @iwiolserCal O with User Cal M GraphData  Qw/oUserCal @ iith User Caf M
276 20.81 —
M Filt MY Fit M Cal MY Cal M Filt MY Filt WX Cal MY Cal L ‘\\
1065 2035 43| 2430 j— ,_,J(\\,\ 24652 10.65 2035 4.3¢| 17.63 ,/ \\
2451 1066 2034 4.3, e 2451 10.66 2034 4.3,
2451 1068 2033 43 080 L1 L 2451 1060 a3 43 145 / ™
2451 1088 03 436 AN 2451 1058 an: 1%
2451 1067 2034 437 / 2451 10.67 2034 437 / \
2452 1065 2035 43t 1751 Wi \ 2452 1065 20,35 43 nz
2452 1065 2035 4% N 2452 1065 035 43 N
2451 1066 03 43 1412 N 2451 10856 na 13 oo \
2452 1066 2035 437 2482 10.66 2035 437
2452 1067 2035 437 / \ 2452 10.67 2035 437 / \
2452 1063 2034 43 107z 2452 1063 2034 43 49
2451 1068 2034 43t 2451 1088 20,34 4.3 /
2451 1067 2034 43 738 2451 1057 n a3 1
2451 1068 2033 43 ( \ 2451 10.68 2033 43t
2450 1069 2033 43¢ 2450 1069 2033 43 |
2450 1088 2033 43 €& 1 24,50 1088 2033 43 5
2443 1068 03 43 2443 1058 ann 1% \ /
2451 1067 2034 43 05 l 2451 1067 034 437 153
2451 1067 2034 437 2451 10.67 2034 437
2443 1070 2032 4.4C 24439 1070 2032 440 781
2451 1088 2033 43 # 2451 1068 033 4% 7
2452 1066 203 4% \ / 2452 1086 n3s 43
2453 1064 2036 434 624 2453 10.64 2036 43 -10.98 /
2452 1064 2035 434 N, 2452 1064 2035 43
2452 1064 2035 434 6D S 2452 1064 2035 43 S0 \
2453 1084 235 434 < - 2453 1054 a3 430 < -
2450 1068 2033 43 / 2450 10.68 2033 43t \ /
2450 1088 233 4% = SN = 2450 1088 23 4% A3 < ]
| P~ 1
1842 — ] g 208 ~_ | |+ g
D Auto Seral 645 866 28 EEL 1069 17.48 2427 Dt Sorol 00 A3 728 052 544 1180 1816
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The Graph Tab provides a zaxis (X,Y) plot of the measured field strength. fw/ofJser
Cab graph data is selected, the pl ot
after the FIR taps are applied, but
Us er (ph Haba isgeleated, the plot and data provide data after applyiRrdRHgter
and theuser calibration coefficients. Theo sample plad shown above are for the same
360 rotation in the horizontal plangf a SeaTRAX with a battery mounted next to kor
thed w/U s e r plGtahk data is slightly ellipsoid with an offset of aboutmidin both the
MX and MY direction. Thei wi t h U pla is m&@edearly a circle and is properly
centered The plots can be used to visually see hard and safh ieffects withinthe
environment measured by tB®aTRAX as well as corrected output after a usaibcation
has been performedNot e t hat i f the calibration
Cal 06 plot may not be a circle.

DOC#1018154 r03.1
Page 33

and
withr i or

dat

t

scor e



6.8 System Log Tab

& SRR ST T 0] M=
Fle Edit
Module SeaTRix Connected €
’F N I Firrrware Yersion 5901
Serial Number 1031797 SR
PCA Version ROTI3179
Connection | Configuration | Calibration | Test Log Data | Graph | System Log

Time Stamp Event

2012-11-26813:40:14 Checking preference file

2012-11-26 13:40:14 Preferences file notfound, using defaults

2012-11-2813:40:14 Enabled audible feedback.

2012-11-268 13:40:14 Disabled high contrast

2012-11-2813:40:14 Enabled auto scrall

2012-11-2813:40:14 Enabled 3D Model

2012-11-26 13:40:22 Changed computer serial portto COM1

2012-11-28 13:40:22 Opened serial port COM1

2012-11-268 13:40:26 Changed computer baud rate ta 38400

2012-11-26 13:40:27 Opened serial port COM1

2012-11-26 13:40:27 Extracted module configuration

2012-11-28 13:40:27 Changed endianess to big endian.

2012-11-28 13:40:27 Extracted module information

2012-11-26 13:40:27 Changedtaps to B

2012-11-26 13:40:27 Changed acquisition mode to poll mode

2012-11-28 13:40:27 Disabled filter flushing

2012-11-2813:40:27 Changed rmounting to Standard D |

2012-11-26 13:40:27 Changed north reference to magnetic north

2012-11-26 13:40:27 Disabled stability checking

2012-11-28 13:40:27 Enabled autornatic sampling.

2012-11-2813:40:27 Changed calibration points to 12

2012-11-26 13:40:27 Changed outputto be in Degrees

2012-11-26 13:40:27 Changed HPR during Calibration

2012-11-28 13:41:54 Calibration started

2012-11-28 13:42:41 Calibration completed

2012-11-2813:4312 Calibration started

The System Log tab shows all communication betwi&esml RAX Studicand theSeaTRAX
module sincdaunchingSeaTRAX Studio ClosingSeaTRAX Studiowill erase the system
log. Select the <Export> buttomt the bottom right of the screda,save the systefog to a
textfile.
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7 Operation with PNI Binary Protocol

The SeaTRAX utilizes a binary communication protocol, where the communigagiameters
should beconfiguredas follows:

Table 7-1: Port Configuration

Parameter Value
Number of Data Bits 8
Start Bits 1

Stop Bits 1
Parity none

7.1

The data structurs shown below

Datagram Structure

ByteCount Packet Frame CRC-16
(UInt16) (1 - 4092 UInt8) (UInt16)
Frlalgn € Payload
(uints) (1 - 4091 UInt8)

Figure 7-1: Datagram Structure

The ByteCount is the total number of bytes in the packet including the X6BR€hecksum).
CRGC-16 is calculated starting from the ByteCount to the last byte of the Packet. Fiaime
ByteCount and CR&6 are always transmitted in big Endiahwo examplegollow.

Example: The complete packet foné kGetModInfo command, which has no payload is:

00 05 01 EF D4

ByteCount

Frame ID Checksum

Example: Below is a complete samppacket to start 4D Calibration(kStartCal)

00 09 0A 00 00 00 14 5C F9

ByteCount Frame ID CalOption CalOption

(2D Calibration)

Checksum

PNI Sensor Corporation
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7.2 Parameter Formats

Note: Floating-point based parameters conform to ANSI/IEEE Std 754-1985. Please refer to the
Standard for more information. PNI also recommends the user refer to the compil er 6 s i nstructi o
understand how the compiler implements floating-point format.

64 Bit Floating Point (Float64)

Below is the 64bit float format in big Endian. nl little Endian the bytes are in
reverseorderin 4 byte groups (eg. big Endian: ABCD EFGH little Endian:

DCBA HGFE).
63 62 5251 0
S Exponent Mantissa

The value (v) is determined as (if and only if 0 < Exponent < 2047): \L)S (*
2(Exponentl023) * 1.Mantissa

32 Bit Floating Point (Float32)

Shown below is the 3RBit float format in bigEndian In little Endianformat, the 4
bytes are in reverse order (LSB first).

3130 2322 0

S Exponent Mantissa

The value (v) is determined as (if and only if 0 < Exponent < 255): yv1)S (*
2(Exponentl27) * 1.Mantissa
Signed 32 Bit Integer (SInt32)

SInt32based parameters are signed 32 bit n
represents the sign of the value (O=positive, 1=negative)

31 2423 1615 87 0
msh Isb
Big Endian
7 0 15 8 23 1631 24
Isb msb
Little Endian
PNI Sensor Corporation DOC#1018154 r03.1
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Signed 16 Bit Integer (SInt16)

Sintléb a s e d par ameters are signed

represents the sign of the value (O=positive, 1=negative)

15 87 0 7 015

msb Isb Isb msb

Big Endian Little Endian

Signed 8 Bit Integer (SInt8)

185 bi

Ulnt8-based parameters are unsigneoitShumbers. Bit 7 represents the sign of the

value (O=positivel=negative)

7 0

byte

Unsigned 32 Bit Integer (UInt32)
UInt32-based parameters are unsigned 32 bit numbers.

31 2423 16 15 87 0
msb Isb
Big Endian
7 015 8 23 1631 24
Isb msb
Little Endian

Unsigned 16 Bit Integer (UInt16)
UIntl6-based parameters are unsigned 16 bit numbers.

15 87 0 7 015

msb Isb Isb msb

Big Endian Little Endian
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Unsigned 8 Bit Integer (UInt8)

Uint8-based parameters are unsigndatgumbers.

7

0

byte

Boolean
Boolean is a byte parameter that MUST have the valu€&ALSE) or 1 (TRUE).

7

0

byte

7.3
Table7-2,

Frame
IDg

Commands & Communication Frames

bel ow,

Table 7-2: SeaTRAX Command Set

Command

provi des

Description

t he

SeaTRAX6s command

1 kGetModInfo Queries the d e v is type &nd firmware revision.
2 kGetModInfoResp Response to kGetModInfo
3 kSetDataComponents Sets the data components to be output.
4 kGetData Queries the SeaTRAX for data
5 kGetDataResp Response to kGetData
6 kSetConfig Sets internal configurations in SeaTRAX
7 kGetConfig Que_ries S_eaTRAX for the current internal
configuration
8 kGetConfigResp Response to kGetConfig
Saves the current internal configuration and any
9 kSave new user calibration coefficients to non-volatile
memory.
10 kStartCal Commands SeaTRAX to start user calibration
11 kStopCal Commands SeaTRAX to stop user calibration
. Sets the FIR filter settings for the magnetometer
12 IR A & accelerometer sensors.
. Queries for the FIR filter settings for the
13 kGetFIRFilters magnetometer & accelerometer sensors.
. Contains the FIR filter settings for the
14 SERIAIRAS RS magnetometer & accelerometer sensors.
15 kPowerDown Powers down the module
16 kSaveDone Response to kSave
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17 kUserCalSampleCount Sent frqm the SeaTRAX after taking a
calibration sample point

18 kCalScore Contains the calibration score

19 kSetConfigDone Response to kSetConfig

20 kSetFIRFiltersDone Response to kSetFIRFilters

21 KStartContinuousMode C_:omr_nands the SeaTRAX to output data at a
fixed interval

22 kStopContinuousMode Stops data output when in Continuous Mode

23 kPowerUpDone Confirms the SeaTRAX has received a signal to
power up

24 kSetAcgParams Sets the sensor acquisition parameters

25 kGetAcgParams Queries for the sensor acquisition parameters

26 kSetAcgParamsDone Response to kSetAcqParams

27 kGetAcgParamsResp Response to kGetAcqParams

28 kPowerDownDone Response to kPowerDown

29 KFactoryMagCoeff R(_es_ets magnetometer calibration coefficients to
original factory-established values

30 kFactoryMagCoeffDone Response to kFactoryMagCoeff

31 KTakeUserCalSample Cor_nmands the_ Sea_lTRAX to take a sample
during user calibration

36 KFactorylAccelCoeff Rgs_ets accelerometef calibration coefficients to
original factory-established values

37 kFactoryAccelCoeffDone | Respond to kFactoryAccelCoeff

46 kSetSyncMode a%tgewhether the SeaTRAX is in normal or Sync

47 kSetSyncModeResp Response to kSetSyncMode

49 kSyncRead Queries the module for data in Sync Mode

7.3.1 kGetModInfo (frame ID 14)

This frame queries thdevices type and firmware revision number. The frame has no
payload.

7.3.2

kGetModInfoResp (frame ID 24)

The response to kGetModInfo is given below. The payload containdethee type
identifier followed by the firmware revision number.

Payload

Type Revision

Uint32 Uint32

Note the model type and firmware revision can be decoded using the ASCII standard.

For exampl e,
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S 901 e is thehSeaTRAXA T CT A (

revi

decoded to read ATCTA
and As9010 indicates the firmware
7.3.3 kSetDataComponents (frame ID 3y )

This framedefines whatatais outputwhen kGetData is senfTable7-3 summarizes the
various data components and more detail follows this table. Noténthad hot a query
for the devicés model type and software revisigeee kGetModInfo). The first bytef

the payload indicates the number of data components followed by the data component

IDs. Note that he sequence of the data components defined by kSetDataComponents

will match the output sequence of kGetDataResp

Payload
ID Count ID1 ID 2 ID 3
Uint8 Uint8 Uint8 Uint8

Example: To queryfor heading angbitch, the payload should contain

Payload
2 5 79
ID Count Heading ID Pitch ID

S i

When querying for data (kGetData frame), the sequence of the data component output
follows the sequence of the data component IDs as set in this frame.

Table 7-3: Component Identifiers

Component Coml%(;nent Format
kHeading 5 Float32 degrees
kPitch 24 Float32 degrees
kRoll 25 Float32 degrees
kTemperature 7 Float32 e Cel si
. . True or False
kDistortion 8 Boolean (Default)
True or False
kCalStatus 9 Boolean (Default)
kAccelX 21 Float32 G
kAccelY 22 Float32 G
kAccelZ 23 Float32 G
kMagX 27 Float32 T
kMagyY 28 Float32 mr
kMagZ 29 Float32 ml
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Component types are listed below. All are reatly values.

kHeading, kPitch, kRoll (Component IDs 5y, 244, 254)

Provides compass headjngitch and rolloutputs The heading range i® . 0 e t o
+3599¢ thepitchrangeis9 0. 0e t o +90. 0e,-180d0théeoraehlBC

kTemperature (Component ID 74)

This value is provided by thdeviced s | n t e atar@densdr m degrees Celsius
and has an accuracy£3° C.

kDistortion (Component ID 8)
This flag indicates at least one magnetometer axis reading is bey28quT.

kCalStatus (Component ID 9¢)

This flag indicates the user calibration status. Faleans it isnot usercalibrated
and this is the default value

kAccelX, kAccelY & kAccelZ (Component IDs 214, 224, 234)

These values represetite accelerometer sensor data for the x, y, and z axis,
respectivel y. The val uaeitatiormlfoece)n or mal i z ed

kMagX, kMagY & kMagZ (Component IDs 274, 284, 29q)

These values represethe magnetic sensor data for the X, y, and z axis, respectively.
The values are given paT.

7.3.4 kGetData (frame ID 4y)

If the SeaTRAX is configured to operate in Poll Acquisition Mode, as defined by
kSetAcqgParamshenthis frame requests a single measurement dataTet frame has
no payload.The response is kGetDataResp.

7.3.5 kGetDataResp (frame ID 5y)

The response to kA@2atg kStartContinuousMode, and kSyncRedadkGetDataResp
The specific data fields that will be output (ID 1, Value ID 1, etc.) should have been
previously established by the kSetDataComponents command frame.

Payload

ID Count ID1 Value ID 1 ID 2 Value ID 2 ID3 Value ID 3

Uint8 Uint8 ID Specific Uint8 ID Specific Uint8 ID Specific
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Example: If heading andpitch are set to be output per the kSetDataComponents
commandthe payload would look like:

Payload
2 5 359.9 24 10.5
ID Count Heading ID Heading Pitch ID Pitch Output
(Float32) (Float32)

7.3.6 kSetConfig (frame ID 64)

This frame sets internal configurations in B@aTRAX The first byte of the payload is
the configuration ID followed by a formapecific value. These configurations canly

be set one atre. To save these in neolatile memory, the kSave command must be
issued.

Payload

Config ID Value

Uint8 ID Specific

Example: To configure the declination, the payload would look like:

Payload

1 10.0

Declination ID Declination
Angle (Float32)
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Settings

kDeclination

Config. IDy

1

Format
Float32

Table 7-4: Configuration Identifiers

Values / Range
-180etl180e

Default
0

kTrueNorth

2

Boolean

True or False

False

kBigEndian

6

Boolean

True or False

True

kMountingRef*

10

UiInt8

1=STD0°
2=XUPO°
3=YUPO°

4 = STD 90°
5=STD 180°

6 = STD 270°
7=72DOWN 0°

8 =X UP 90°

9 =X UP 180°

10 = X UP 270°

11 =Y UP 90°

12 =Y UP 180°

13 =Y UP 270°

14 = Z DOWN 90°
15 =Z DOWN 180°
16 = Z DOWN 270°

kUserCalNumPoints

12

UlInt32

4171 32

12

kUserCalAutoSampling

13

Boolean

True or False

True

kBaudRate

14

Uint8

07 300

17 600

21 1200
37 1800
471 2400
571 3600
61 4800
71 7200
81 9600
91 14400
1071 19200
117 28800
127 38400
1371 57600
14 - 115200

12

kMilOutput

15

Boolean

True or False

False

kHPRDuringCal

16

Boolean

True or False

True

kMagCoeffSet

18

Uint32

0-7

kAccelCoeffSet

19

UInt32

0-2

Note:

1. Refer to Figure 4-2 for additional information on mounting orientations.
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kDeclination (Config. ID 1d)
This sets the declination angle to determine True Nordldihg. Positive declination
is easterly declination and negative is westerly declination. This is not applied unless
kTrueNorth is set to TRUE.

kTrueNorth (Config. ID 24)
Flag to set compass heading output to true north heading by adding the declination
angle to the magnetic north heading.

kBigEndian (Config. ID 64)
Setsthe Endianness of packet$RUE is Big Endian. FALSE is Little Endian.

kMountingRef (Config. ID 104)

This sets the refence orientation for the module. Please refer toFagdre4-2 for
additional information

kUserCalNumPoints (Config. ID 124)

The user must select the number of points to take during a calibraliaole 7-5
provides the AMini mum Recommendedo number
AAll owabl e Rangeo. The AMIi ni mum Recommer
sufficient to malmdacdurhcy sp&ciicatibik whiedless tihae this

may make it difficult to meet specification. See Sechidor additional information.

Table 7-5: Sample Points

Number of Samples

Calibration Mode Allowable Minimum
Range Recommended
Full-Range 10to 32 12
2D Calibration 10 to 32 12
Limited-Tilt 10 to 32 12
Hard-lron-Only 410 32 6
Accelerometer-Only 12to 32 18
Mag-and-Accel 12 to 32 18

kUserCalAutoSampling (Config. ID 134)

This flag is used during user calibration. If set to TRUE, the maalutiematically
takes calibration sample pointsace the minimum change requirement is.miétset
to FALSE, the module waits for kTakeUserCalSample to take a sample with the
condition that a magnetic field vector component delta is greater tpanfrom the
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last sample point. If the user wants to havemaximum control over when the
calibraton samplegointaretaken therthis flag should be set to FALSE.

kBaudRate (Config. ID 144)

Baud rate index value. A powdobwn powefup cycle is required when changing the
baud rate.

kMilOutput (Config. ID 154)

This flag sets the heading, pitch and mltput tomils. By default, kMilOutput is set
to FALSE and the heading, pitch and roll output are in degrééste that 360
degrees = 6400 mils, such that 1 degree = 17.778 mils or 1 mil = 0.05625 degree.

kDataCal (Config. ID 16g)

This flag sets whethesr not heading, pitch, and roll data are output simultaneously
while the SeaTRAX is being calibrated. The default is TRUE, such that heading,
pitch, and roll are output during calibration. FALSE disables simultaneous output

kMagCoeffSet (Config. ID 18y)

This setting provides the flexibility to store up to eight (8) sets of magnetometer
calibration coefficients in the module. These different coefficient sets can be used for
storing coefficients for varying conditions, such as when a door is open ol deae

the sensor, or when the temperature varies, since the magnetic signature of the host
system may change over temperature. Also, if the existing coefficients are acceptable
but not great and you want to recalibrate, you should recalibrate to aewliffest
number so you can retrieve the old set
need to reboot the SeaTRAX to retrieve the old set.

The initial default is set 0. To store a new set of coefficients, first establish the set
number (0 to 7using kMagCoeffSet, then perform the magnetometer calibration.
The new coefficient values and coefficient set number will be stored in volatile
memory and will be applied immediately. Save the coefficient set tevolatile
memory by sending kSave. Whthe SeaTRAX is powered down and back up again,

it will load the last saved coefficient set and apply its coefficient values.

For example, assume:

the kSetConfig frame is sent with kMagCoeffSet = 2

a calibration is performed

the kSave frame is sent

thekSetConfig frame is sent again, but with kMagCoeffSet = 3, and
a calibration is performed.

= =4 =4 4 2
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After this second calibration, the coefficients values from the second calibration are
immediately applied, even thought kSave has not been sent. If the SeaTR&X is
powered down and powered back up again, kMagCoeffSet = 2 would be recalled and
its coefficient values would be applied, since kMagCoeffSet = 3 was not saved and
kMagCoeffSet = 2 was the last saved calibration set.

kAccelCoeffSet (Config. ID 19y)

This <tting provides flexibility to store up to three (3) sets of accelerometer
calibration coefficients in the module. As with kMagCoeffSet, this can be useful for
storing coefficients under a variety of conditions, such as different temperature
settings, oif you want to finetune the coefficient values but not lose the current set.
The initial default is set 0. To store a new set of coefficients, first establish the set
number (0 to 2) using kAccelCoeffSet, then perform an accelerometer calibration.
The new coefficient values will be stored in volatiie memory in the defined set
number and will be implemented immediately. Save the coefficient set to non
volatile memory by sending kSave. When the SeaTRAX is powered down and back
up again, it will load théast saved coefficient set.

7.3.7 kGetConfig (frame ID 74)

This frame queries th&eaTRAX for the current internal configuration value. The
payload contains the configuration ID requested.

Payload

Config ID

Uint8

7.3.8 kGetConfigResp (frame ID 8y)
The response to kGetConfig is given belamdcontains the configuration ID and value.

Payload

Config ID Value

Uint8 ID Specific

Example: If a request to get the set declination angle, the payload would look like:

Payload

1 10.0

Declination ID Declination
Angle (Float32)
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7.3.9 kSave (frame ID 9y)

This frame commands tif&eaTRAXto save internal configurations and user calibration
coefficients to nonvolatile memory. Internal configurations and user calibration
coefficients areestored on poer up. The frame has no payload. This is the ONLY
command that causes tteviceto save informatiomo non-volatile memory.

7.3.10 KkStartCal (frame ID 10y)

Before proceeding with this section, ensure you are familiar 3gittion5. Also, note
the following:

1 Multiple sets of calibration coefficients can be saved using kMagCoeffSet and
kAccelCoeffSet. These different coefiait sets can be used for storing coefficients
for varying conditions, such as when a door is open or closed, or when the
temperature varies, since the magnetic signature of the host system may change over
temperature.

1 Immediately after performing a succkdsalibration the new calibration coefficients
will be will be stored in volatile memory and immediately applied. Save this
coefficient set to nowolatile memory by sending kSave. If you do not want to use
this new coefficient set, either reboot trea$RAX (which will restore the prior
coefficients), switch to a different coefficient set, or reload the factory coefficients.

1 On powering up, the last saved calibration coefficients will be loaded.

This frame commands the module to staruser calibration. After sending this
commandthe module ensures a Piktablished stability condition is meédakesthe first
calibration point and then resposdwith kUserCalSampCount. kUserCalSampCount
will continue to be sent after each sample is tak&ubsequdnsamples will be taken
when autosampling when the minimum change and stability conditions are met, or
manually after th&kTakeUserCalSamplis sent and the stability condition is meSee
Section5 for more information on the various calibration procedures.

Note: The payload needs to be 4 bytes. If no payload is entered, or if less than 4 bytes are
entered, the unit will default to the previous calibration method.

%— Payload —ﬁ

Cal Option

<« U2 >
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The CalOption values are given below, along with basic descriptions of the options.
Full-Range Calibration - magnetic only (104 = 0A})
Recommended calibration method whetb>of tilt is possible.
2D Calibration - magnetic only (204 = 14})
Recommended when the available tilt range is limitedsfo
Hard-lIron-Only Calibration - magnetic only (304 = 1E})

Recalibrates théard ironoffset fora prior calibration. If thdocal field hard iron
distortion has changed, this calibration can bringrleule back into specification.

Limited Tilt Range Calibration i magnetic only (404 = 28;)

Recommended calibration method when >5° of tilt calibration is available, but tilt is
restrictedto <45°. (i.e.Full-Range Calibration is not possible.)

Accelerometer-Only Calibration (1004 = 644)

Select this when only accelerometer calibration will be performed.
Accelerometer and Magnetic Calibration (1104 = 6E;)

Selected when magnetic and acceleromeaébration will be done simultaneously.

Below is a complete samppacket to start aD Calibration(kStartCal)

00 09 OA 00 00 00 14 5C F9
ByteCount Frame ID CalOption CalOption Checksum
(MSBs) (2D Calibration)

Heading, pitch and roll informatiors output via the GetDataResp frame during the
calibration process. This feature provides guidance during the calibration regarding
calibration sample pot coverage. During calibration, in th&&iDataResp frame, the
number of data components is set to be 3 and then followed by the data compenent ID
value pairs. The sequence of the component IDs are kHeadita)) &Rd kRoll.

The steps below provide axample of the steps to perform a user calibration.

1 Using the kSetConfig command, set kUserCalAutoSampling. FALSE allows for
more direct control, but TRUE may be more convenient.

1 Using the kSetConfig command, establish the coefficient set number fawhe n
calibration coefficient by setting the value for kMagCoeffSet (vald¢ &nd/or
kAccelCoeffSet (value-Q).

1 Using the kSetConfig command again, set kUserCalNumPoints to the appropriate
number of calibration points.
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1 Initiate a calibration using the k$t@al command. Note that this command
requires indentifying the type of calibration procedure, for exampleRarpe
Calibration or 2D Calibration.

1 Follow the appropriate calibration procedure, as discussed in SBctibn
kUserCalAutoSampling was set to FALSE, send kTakeUserCalSample when
ready to take a calibration point. If kUserCalAutoSampling was set to TRUE,
then look for kUserCalSampCount to confirm wizecalibration point has been
taken. During the calibration process, heading, pitch, and roll information will be
output from the SeaTRAX, and this can be monitored using kGetDataResp.

1 When the final calibration point is taken, the device will presentdhbration
score using kCalScore and save the calibration coefficient set and coefficient
values to volatile memory, assuming the calibration was not aborted.

1 If the calibration was not good, either perform another calibration procedure,
reboot to restar the prior coefficients, recall another coefficient set
(kMagCoeffSet), or recall the factory coefficients (kFactoryMagCoeff).

1 If the calibration was good and you want to save the calibration coefficients to
nonvolatile memory, send the kSave command.

7.3.11 kStopCal (frame ID 11)

This command aborts the calibration process. Assuming the minimum number of sample
points for the cdbration, as defined inTable 7-5, is not acquired prior to sending
kStopCal, the prior calibration results are retained. If the acquired nhumber of sample
points prior to sending kStopCal is within the allowable range of kUserCalNumPoints,
then new calibration coefficients andnaw score will be generated. For instance, if
kUserCalNumPoints is set to 32 fofFall-Range Calibrationand kStopCal is sent after
taking the 1% sample point, then a new set of coefficients will be generated based on the
12 sample points that werekém. They will not be saved, however, unless the kSave
command is sent.

7.3.12 kSetFIRFilters (frame ID 124)

The SeaTRAXincorporates a finite impulse response (FIR) filter to provide a more stable
headig reading. The number of tajes,sampls, represents thamountof filtering to be
performed, and directly affectse time for the initial sample readings all the taps must

be populated before data is output.

The SeaTRAX can be configured to clear, or flush, the filters after each measurement.
Flushing thefilter clears all tap values, thus purging old data. This can be useful if a
significant change in heading has occurred since the last reading, as the old heading data
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would be in the filter. Once the taps are cleared, it is necessary to fully repoiaat
filter before data is output. For example, if 32 FIR taps is set, 32 new samples must be
taken before a reading will be outputhe length of the delay before outputting data is

directly correlated to the number of FIR taps.

The payload for kSetFIRlters is given below.

Payload
Byte 1 Byte 2 Count N Value 1 Value 2 Value 3 Value N
uint8 Uint8 Uint8 ID Specific ID Specific ID Specific ID Specific

Byte 1should be set to 3 ari@yte 2should be set to 1. The third payload byte indicates
the number of FIR taps to use, which can be 0 (no filtering), 4, 8, 16, or 32.isThis

followed by the tap values, wheéeto 32total Values can be in the paylqaahd with
each Value being a Float64ith suggested values givenTiable7-6.

Table 7-6: Recommended FIR Filter Tap Values

4-Tap Filter

8-Tap Filter

16-Tap Filter

32-Tap Filter

1 04.6708657655334e-2 | 01.9875512449729e-2 | 07.9724971069144e-3 | 01.4823725958818e-3
2 04.5329134234467e-1 | 06.4500864832660e-2 | 01.2710056429342e-2 | 02.0737124095482¢e-3
3 04.5329134234467e-1 | 01.6637325898141e-1 | 02.5971390034516e-2 | 03.2757326624196e-3
4 04.6708657655334e-2 | 02.4925036373620e-1 | 04.6451949792704e-2 | 05.3097803863757¢e-3
5 02.4925036373620e-1 | 07.1024151197772e-2 | 08.3414139286254e-3
6 01.6637325898141e-1 | 09.5354386848804e-2 | 01.2456836057785e-2
7 06.4500864832660e-2 | 01.1484431942626e-1 | 01.7646051430536e-2
8 01.9875512449729%¢e-2 | 01.2567124916369e-1 | 02.3794805168613e-2
9 01.2567124916369e-1 | 03.0686505921968e-2
10 01.1484431942626e-1 | 03.8014333463472e-2
11 09.5354386848804e-2 | 04.5402682509802e-2
12 07.1024151197772e-2 | 05.2436112653103e-2
13 04.6451949792704e-2 | 05.8693165018301e-2
14 02.5971390034516e-2 | 06.3781858267530e-2
15 01.2710056429342e-2 | 06.7373451424187e-2
16 07.9724971069144e-3 | 06.9231186101853e-2
17 06.9231186101853e-2
18 06.7373451424187e-2
19 06.3781858267530e-2
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20 05.8693165018301e-2
21 05.2436112653103e-2
22 04.5402682509802e-2
23 03.8014333463472e-2
24 03.0686505921968e-2
25 02.3794805168613e-2
26 01.7646051430536€e-2
27 01.2456836057785e-2
28 08.3414139286254¢e-3
29 05.3097803863757¢e-3
30 03.2757326624196e-3
31 02.0737124095482¢e-3
32 01.4823725958818e-3

7.3.13 KkGetFIRFilters (frame ID 13y)

This frame queries the FIR filter settings for the sens@&we 1should be set to 3 and
Byte 2should be set to 1.

Payload

Byte 1 Byte 2

Uint8 uint8

7.3.14 kGetFIRFiltersResp (frame ID 14y)

This is the response to kGetFIRFilterand it has the same payload definition as
kSetFIRFilters

7.3.15 kPowerDown (frame ID 15y)

This frame is used to poweown the module, which puts the nubel in Sleep Mode.
The frame has no payload. The command pswleivn all peripherals including the
sensors, microprocessor, and-B® driver. However, the driver chip has a feature to
keep the Rx line enabled. TeaTRAXwiIll power up when it receives any signal on
the native UART Rx line.
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7.3.16 kSaveDone (frame ID 16)

This frame is the response to kSave frame. The pdytontains a UInt16 error cod®é:
indicates no errot indicatesanerror when attempting to save dé&danemory.

Payload

Error Code

Uintl6

7.3.17 kUserCalSampleCount (frame ID 17)

This frame is sent from th8eaTRAX after taking a calibration sample point. The
payload contains the sampleunt with the range of 1 82

Payload

SampleCount#

Uint32

7.3.18 kCalScore (frame ID 18)

The calibration score is automaticatlgiculated andentaftertaking the final calibration
point, although it may take >1 minute for the score to be calculafEuke payloadis
definedbelow, and the payload components are discussed after this

Payload
MagCalScore Reserved AccelCalScore DistError TiltError | TiltRange
Float32 Float32 Float32 Float32 Float32 Float32
MagCalScore:
MagCalScore provides an owveding quality indicator of the magnetometer
cal i bration. Accept alRhaegsce&nées bwatiome

methods. Note that it is possible to geteptable scores for DistError and TiltError
and still have a rather high MagCalScore value. The most likely réaistiis is the
SeaTRAXis close to a source of local magnetic distortion that is not fixed with
respect to the device. In the event ofadborted calibration the score will be 179.8d,
or in the event of an aceehly calibration the score will be 99.99d.

AccelCalScore:

This score epresents the oweiding quality of the accelerometer calibration. An
accept abl elntheceventd an ialorte® dalibration the score will be 179.8
or in the event of a magnly calibration the score will be 9989
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DistError:

For a magnetic calibration, this scorglicatesf the distribution of sample points is
sufficient, with an emphasis on the heading distribution. The score should be 0.
Significant clumping or a lackf samplepoints in a particular section can result in a
poor score In the event of an aborted daiation the score will be 179,80r in the
event of an accednly calibration the score will be 99 99

TiltError:

This score ndicatesif the SeaTRAX experienced sufficient tilt during a magnetic
calibration, taking into account the calibration methdtie score should b& In the
event of an aborted calibration the score will be 1¥%Bin the event of an aceel
only calibration the score will be 99,99

TiltRange:

For a magnetic calibrationhis reports théarger of either half the fulbitch rarge or

half the fultroll range of sample points. For example, if tleiceis pitched +10° to

-20°, a rolled +25° to-15°, the TiltRange value would be 20°, which represents half

the roll range For Full-Range Calibratiorand Hard-Iron-Only Calibratian, this
should be O045A. F othis sioilld b€ a2°.Fob lrinaitedi Tdtn , i de
Range Calibration the value should.be as
In the event of an aborted calibration the score will be 378r8n the gent of an

accetonly calibration the score will be 99,99

7.3.19 kSetConfigDone (frame ID 19)

This frame is the response to kSetConfig frame. The frame has no payload.

7.3.20 kSetFIRFiltersDone (frame ID 20y)
This frame is the response to kSetFIRFilters. The fiaaseno payload.

7.3.21 kStartContinuousMode (frame ID 21,)

If the SeaTRAX is configured to operate in Continuous Acquisition Mode, as defined by
kSetAcqgParamshenthis frameinitiatesthe outputing of data at aelatively fixed data

rate, where the data rageestablished by the SampleDelay paramefdre frame has no
payload. The response is kGetDataResp.

7.3.22 kStopContinuousMode (frame ID 22)

This frame commands ti&eaTRAXto stop data output when @ontinuousAcquisition
Mode. The frame has no payload.
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7.3.23 kPowerUpDone (frame ID 23y)

This frame confirms th&eaTRAXreceived a command to power up. TheaTRAX
will power up when it receives any signal on the native UART Rx line. The frame has no
payload. Since the module was previously powered down whiclesdtive RS32
driver TX line low (break signal), it is recommended to disregard the first byte.

7.3.24 kSetAcqParams (frame ID 24)

This frame sets the sensor acquisition parameters iSea€@RAX The payload should

contain the following:

Payload

AcquisitionMode

FlushFilter

AquireDelay

SampleDelay

Uint8

AcquisitionMode

Uint8

Float32

Float32

This flag sets whether output will be presentedPalled or ContinuousAcquisition

Mode. fiPoll Moded TRBE and is the default. Patiode should be selected when

the host system will poll the SeaTRAX for each data set. Continuous Mode should be
selected if the user will have the SeaTRAX output data to the host system at a

relatively fixed rate. Ore SeaTRAX is set to Continuous mode, data sets will output

automatically after power cycle. In this case, the very first set of data will take longer

t han the
FlushFilter

AAcquireDel ayo

specified to

Setting this flag to TRUEesults in the FIR filtebeing flushed ¢leared after every
measurementThedefault is FALSE.

out p

Flushing the filter clears all tap values, thus purging old data. This can be useful if a

significant change in heading has occdrsince the last reading, as the old heading

data would be in the filter.

samples must be taken before a readiiligos output The length of the delay before

Once the taps are cleared, it is necessary to fully
repopulate the filter before data is output. For example, if 32 FIR taps is set, 32 new

outputting data is directly correlated to the number of FIR taps.

AcquireDelay

When operating in Continuous Acquisition Modbae tAcquireDelaysets the time

between samples taken by time@dule, in secondsThe default is 0.0 seconds, which

means the module will reacquire data immediately after the last acquisitios.is
an internal setting that is NOT tied to the time with whichrttegluletransmits data
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to the host systemGenerally speaking, the Acquidelayis either set to 0, in which

case the SeaTRAX is constantly sampling, or set to equal the SampleDelay value.
The advantage of running with an AcquireDetd\0 is the FIR filter can run with a
relatively high FIR Tap value to provide stable and hnaata. The advantage of
using a greater AcquireDelag power consumption can be reduced, assuming the
SampleDelay is no less than the AcquireDelay.

SampleDelay

The SampleDelays relevant whethe Continuoug\cquisition Mode is selected. Itis

the time delay, in seconds, between completionhef SeaTRAXsending one set of

data and the start of sending the n#atiaset. The default is O seconds, which means
the SeaTRAXwill sendnew data as soon as the previous data set has been sent. Note
that theinverse of théSampleDelays somewhat greater than thetualsample rate,

since theSampleDelayloes not include actual acquisition time

7.3.25 KkGetAcgParams (frame ID 25y)

This frame queries the unit fdreacquisition parameters. The frame has no payload.

7.3.26 kSetAcqgParamsDone (frame ID 26y)

This frame is the response to kSetAcqgParams frame. The frame has no payload.

7.3.27 kGetAcqParamsResp (frame ID 274)

This frame is the response to kGetAcqgParams frame. The pddsatie same structure
as kSetAcgParams.

7.3.28 kPowerDownDone (frame ID 28)

This frameconfirms the SeaTRAX received a command to power down. The frame has
no payload.

7.3.29 kFactoryMagCoeff (frame ID 29 )

For the current designated kMagCoeffSkis frame clears the magnetometer calibration
coefficients andoads the original factory-generatedcoefficients. The frame has no
payload. This frame must be followed by the kSave frammat@the change in nen
volatile memory.

7.3.30 kFactoryMagCoeffDone (frame ID 30 )

This frame is the response to kFactdagCoeffframe. The frame has no payload.
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