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Watson Industries prides itself on solving custopr@blems and serving their needs in a timely fashiThis manual
is intended to facilitate this goal and to prowadtten information about your product. We askttyau carefully read
this manual. Becoming familiar with the manuall\wiélp you understand the product’s capabilitied Emitations, as
well as provide you with a basic understanding®obperation. If, after reading the manual, yayures further
assistance, do not hesitate to call Watson Indisstvith your questions and comments.
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CAUTION!

Watson Sensors are rugged devices that have bedrsuscessfully in a number of harsh
environments. The components have been qualdi@dthstand a mechanical shock of 200g 's or
greater, and most enclosures provide an addeddéyebtection. However, dropping a sensor
from waist height onto a hard floor can cause &klh@vel of 600g's. At this level, damage is
likely to occur.

Introduction

The Dynamic Measurement System (DMS) is a solitesgansor that provides the user with
dynamic measurements of angular attitude and anratks, together with linear acceleration, in
three (3) mutually perpendicular planes (see FigyreA unique feature is the two sets of
acceleration measurements. One set gives sers@eration with respect to the sensor mounting
face while the other set resolves the motion imiezZontal and vertical components, irrespective of
the sensor attitude. This allows the earth's taighal field to be isolated from the measurement
of sensor motion. This System consists of a DMiBwith an internal GPS module and two GPS
antennas.

Product Description

Watson Industries DMS uses solid-state angulars&teors and silicon accelerometers. Interface
to the microprocessor is done through a 16-bit édDverter. The solid state angular rate sensors
used in this system provide high reliability, exest performance, and low cost. There are no
physical adjustments required by the user. Athefprimary transducers are locked into position
during manufacture. Adjustments are made withaideof PC-based maintenance software, which
communicates with the DMS via the RS-232 seriaheation. Calibration is achieved by using
the maintenance software to store data in non-{l@l@emory within the DMS. The DMS-SGP02
differs from a “standard” DMS with the addition @Dual Antenna GPS System. This allows the
DMS to output True North heading instead of relatieading. The GPS receiver also provides a
vehicle velocity that is used to improve accuraciigh dynamic environments. This unit outputs
Latitude & Longitude based on the position of thteaatenna.

This unit will operate in three heading modes. Tih& operates in True North heading mode (“G”
label header on output message) when in dual aat@®R$ is valid. When dual antenna GPS signal
is lost then unit will switch to Track Heading mod&” label header on output message). When
dual antenna GPS is restored, the unit revertsue North Heading. In the event of loss of the
GPS signal, the unit switches to relative headitigabel header on output message) based on the
last accurate GPS heading. When GPS signal sreestthe unit reverts to Track heading and then
to True North heading when dual antenna GPS isnext The user may select to hold the unit in
relative heading mode full time. (See Appendix&tlRg Velocity & Heading Modes)

A vehicle speed input is used to assist in theeotion of errors. It is also included in the
parameter set that is available for serial out@Although its use is not always required, it ishtyg
recommended that this signal be supplied to the DM unit ordinarily acquires this data from
the GPS system but is user configurable to acgei@city from an analog input. The analog
signal is scaled to 40 KPH per volt. Forward mothould produce a positive signal with respect
to signal ground. Many other velocity scale fastoan be handled through simple changes in the
scale factor stored in the EEPROM in the micropssoe This can be done with a PC and the
assistance of the factory.
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Installation

Orientation

The connector face of the unit must point in theverd direction. The “Fore” antenna is placed %2
meter ahead of the “Aft” Antenna on a line paraitethe axis of the vehicle. The DMS drawing,
with wire call outs, is located in Figure 2.

Mounting

Although a mounting plate is provided for a flatfagse mount, the unit may also be adhesively
mounted at any of its surfaces. If high shock $oak expected (greater than 10G or repeated
shocks greater than 5G), appropriate shock moustiogld be used to prevent damage. Vibration
isolation should be used if operation in 2.5G @ager vibration environments is expected. The
GPS antennas have magnetic mounts with two M 2@nthay holes and need an unobstructed
view of the sky to receive signals from GPS sdedli Both Antennas need a minimum 6” x 6”
ground plane. Nothing between or around the anteoaa be higher than these ground planes.
The “Fore” antenna is placed ¥2 meter ahead of Alfig Antenna on a line parallel to the axis of
the vehicle.

Caution: The GPS heading accuracy is directly edlé the accuracy of the antenna placement &
DMS alignment. Antenna placement must be withimlat the 1/2 meter spacing for accuracy.

Environment

Avoid mounting sites for the DMS unit that are ®dbjto significant temperature changes over the
duration of the test. Temperature variation widuce noticeable rate sensor bias drift, which will
result in degraded attitude accuracy.

Power / Connectors

This unit has an internal regulator to allow operabver a wide voltage input range. Best
operation is obtained at either 12 or 24 VDC, altffooperation is fully satisfactory down to 10
VDC and up to 30 VDC. Power draw of the unit ipai4.8 Watts. Internal capacitors are
provided to remove a reasonable level of powernioise, however, capacitors should be added for
long power line wiring or if noise is induced frasther loads on the circuit. The DMS power
system is isolated from the DMS signal system. mlaging connector for the Power/Analog

Output Connector is a 25 Pin female D-Sub. Botls@Rtenna connectors are on the front. The
SMA antenna connectors should be torqued to a maxiwf 5 in-Ibs. For more information on the
connectors and pinout of the DMS-SGPO02, see Figure

Note: The signal ground is connected to case.

Calibration
The DMS is calibrated at the factory before ghgoped to the user. It is recommended that the
unit be returned to the factory annually for evéituraand recalibration.

Operation

Initialization

Ideally, the DMS should be stationary and level whes turned on. If not, the sensor readings
may not be accurate after initialization. The tiraquired for the initialization process is not the
same for every type of DMS, but typically take®%btseconds. During this time, a message is sent
from the unit via the RS-232 serial link. This s@&ge gives information about the DMS such as
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the full model number, serial number, and softwakgsion. The message can be read by using a
terminal program or by using the terminal mode @ft¥én Industries’ communication software.

The DMS can also be “re-initialized” after it haselm turned on. This is especially useful if the
sensor has been used in severe maneuvers thabveveanged the angular rate sensors and
caused significant errors to accumulate. Sometmaésitializing the unit will allow for a faster
recovery than waiting for the error correction roas to correct the sensor readings. There are
several ways to re-initialize the DMS. For moreoimfiation, see the Interface section of this
manual.

Normal Operation

During normal operation, the DMS will output higldgcurate inertial data for the user to interpret.
This data is transmitted in several different wayse most common way to acquire data from the
DMS is to use the RS-232 serial output. TherdwoeRS-232 output formats: decimal and binary.
The exact formatting structure is discussed latehe Interface section of this manual. The DMS
generates 15 different data items for output: B&i&yation; Heading; X, Y, and Z rates; X, Y,

and Z accelerations; Forward, Lateral, and Vertdgadelerations; latitude & longitude; velocity

and time. Any combination of these data itemslmaselected for transmission via the RS-232
serial link. The DMS also has analog outputs (sésrflace section) that can be used to send data to
the user.

In normal operation, the DMS takes data from iternimal rate sensors and integrates in a closed
loop system, with the accelerometers as a long-tefemence, to generate Bank, Elevation and
Heading data. In most cases, these algorithmsgedor very stable and accurate output signals;
However, the user should be aware that exceedengdhmal ranges of the sensors will affect
accuracy. For example, while custom DMS units imaye differing ranges, the rate sensors in a
typical DMS have a maximum rate of P08) Care should be taken not to exceed this etause
the closed loop system will receive inaccurate .dBtgs will result in errors in the angle output
signals.

When GPS heading is selected, the Heading Angkfesenced to the fore-aft alignment of the
two GPS antennas using the True North GPS Heathegs(ring start label is “G”). If for any
reason this true north GPS heading is unavailéideGPS Ground Track heading will be used (the
string start label is “T"). If GPS becomes completeavailable, relative heading will be
maintained (the string start label is “I").

While this DMS is "all attitude", the accuracy d&teates rapidly when its forward direction is
within about 5 degrees of vertical. Operation foy axtended period of time at more than 60
degrees from level is not recommended. If thegeojgerational precautions are observed, the
DMS should provide very accurate data for a wideetya of applications.

Special Operation Modes

Reference Mode

This mode is usually used for calibration or diagfies. When in reference mode, the DMS will
output data generated directly from the sensoreate signals rather than as a product of the
closed loop integration used for normal operatikinis mode provides sensor information similar
to normal operation mode with the following diffaces:

Bank and Elevation are obtained directly fromdlbeelerometers - no gyro stabilization.
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Heading is directly from the GPS reference.
Angular Rate Sensors bias corrections are nottagda

The reference mode can be selected either thranggtetminal mode, or by an analog logic
command. Note that reference mode is never a lisftting. It must be re-selected when re-
powering the unit.

Free Mode

While in Free Mode, the DMS will output data frohetsensors without correction by the
references. For example, the Bank Angle data ¢unperee Mode is calculated directly from the
X axis Rate Sensor. In this case, the angle iseztdntegration of the roll rate. Free Mode can be
used to totally reject effects from dynamic acaiens, but accuracy degrades with time. It is
intended for use over periods of up to a minui@ tane. This mode provides sensor information
similar to normal operation mode with the followiddferences:

Bank, Elevation and Heading are obtained dirdotign the rate sensors alone.
Relative Heading from last known heading is used.
Angular Rate Sensors bias corrections are nottagda

Free mode can be accessed either through termodg,nor by an analog logic command. Note
that free mode is never a default setting. It nbbgste-selected when re-powering the unit. The
user should not enter free mode until after the OMiBitialized and its readings are stable.

Hold Mode

This mode inhibits bias adjustments to the rats@en It is intended for short-term use only since
leaving biases uncorrected will allow errors touanalate over time. The accumulating bias error
will result in small attitude errors. Hold modengarovide better performance in highly dynamic
environments such as continuous circling over sgvaimutes time. The user should not enter hold
mode until after the DMS is initialized and its degys are stable.

Control Mode

In this mode, the DMS will output sensor data ndlynanless it receives a control mode
command. Once a command is received, the DMSsetiltl data in response and await the next
command. Using this mode, the user can retrieed aEPROM map, adjust baud rates, adjust
output formats, and many other operational settoidkis sensor. Having access to this
information makes the Control Mode useful in agsisthe factory to remotely troubleshoot
operational problems that may occur. For more Betsee the RS-232 Input Commands section
later in this manual.

Interface
The DMS has analog, digital logic, and digital aemterface capabilities.

RS-232 Output Format

The standard RS-232 output consists of a strirdgoimal ASCII characters sent asynchronously
at regular intervals. Nominally, the string is s@nh9600 baud with eight data bits, one stop it a
no parity. The mating connector for the RS-232 $sRin Male D-Sub. The RS-232 signal is
referenced to signal ground. The number of streggg per second depends on the baud rate and
the output format. The maximum rate is 71.11 griper second. See Appendix A for information
on how to change the data string. The contengstgpical string are formed as follows:
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1. A single letter and a space used to indicatestdu of the data string. The letter “G”
indicates the start of an inertial data string veititcessful GPS data input. The letter “T”
indicates the start of an inertial data string veititccessful Track Heading data input. The
letter “I” indicates the start of an inertial dataing with GPS disabled or absence of valid
GPS data. The letter “R” indicates the start Biederence data string. If the letter is in
lower case (“g”, “t”, “i”, or “r"), an error overange condition is indicated (see below).

2. A nine character string representing the Unadefsme (UTC) starting with six digits, a
decimal point, one digit and a space for up to 335% Hours minutes seconds tenth
seconds (HHMMSS.S). Note: The field is filled wéhkterisks when the data is invalid.

(“****** *”)

3. A seven character string representing the Bagleastarting with a “+” or a “-“, followed
by three digits, a decimal point, one digit angbace for up to £179.9 degrees.

4. A six character string representing the Elevatingle starting with a “+” or a “-“, followed
by two digits, a decimal point, one digit and acsptor up to +89.9 degrees.

5. A six character string representing the Headimgje by three digits, a decimal point, one
digit and a space for zero to 359.9 degrees.

6. A seven character string representing the GRBrtr Track/Forward Velocity starting
with a “+” or a “-“, followed by three digits, aedimal point, one digit and a space for up to
+399.9 Km/Hr. Note: The field is filled with astekis when the data is invalid. (“****.*")

7. A ten character string representing the Latitstdeting with a “+” or a “-“, followed by
two digits, a decimal point, five digits and a spé&ar up to £89.99999 degrees. Note: The
field is filled with asterisks when the data isatid. (“+** *****")

8. A eleven character string representing the Liodgi starting with a “+” or a “-“, followed
by three digits, a decimal point, five digits andgpace for up to £179.99999 degrees. The
field is filled with asterisks when the data isaid. (“+*** *****”)

9. A six character string representing the Altitlgefive digits and a space for up to 21500
feet. The field is filled with asterisks when thetalis invalid. (“*****”),

10.  The string is terminated by a carriage returhere will then be a short interval with no
data transmission before the next string begins.

Example:
G 1614099 -000.8 +00.1 273.4 +028.9 +44.86405 -(3BRE 00894 <CR>
Bank Elev. Head.
uTC angle angle angle | Velocity Latitude Longitude | Altitude
o @ ©)) 4) ©®) (6) ) ®) © (10)
space space space  space space  space space space ce spa

The string transmission rate can be improved byaieg the amount of information (data items)
transmitted. The data items transmitted can bagdthby using special commands to modify the
EEPROM of the unit (see Appendix A). In additiompm@ channels are available for output (see
Appendix A).
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The system is protected from inadvertent write-aafdhe EEPROM by requiring two spacebar
commands during the initialization interval to axs¢he EEPROM or related functions.

The baud rate may be changed from the nominal \&l@€600 baud by modifying the default
value in the EEPROM of the unit to 38.4K, 19.2K4800 baud. Please note that the Baud Rate
must be 9600 when using the GPS module.

A text header is sent by the DMS during initialiaast that identifies the unit by part number and
by serial number and gives the date of last cdldmaThis whole message can be temporarily (or
as a default) suppressed or restored by a “*” conthrieom the interfacing computer.

Data transmission sent by the DMS can also be ssped or restored by a “+” command from the
interfacing computer. This is used when only agalata is used as a noise reduction measure.

The error over-range condition is indicated byuke of a lower case “i”, “t”, “g” or “r" when the
calculated attitude or heading error exceeds thgeslisted above. Internal functions that require
these error values are disabled while the conddiasts. The system will continue to operate in an
extended time constant mode with a low level odreaccumulation until the condition is cleared.
While maneuvering the vehicle, occasional blipghed condition are expected with no detectable
effect on the resulting data.

The other output format available is a binary formla this mode, the unit provides generally the
same information as the decimal ASCII format, louh icompact binary message. In this format,
there are nominally 13 words sent that represdotiGeen-bit output channels followed by a
carriage return. Again, the channels may be raetit@w@énprove the update rate by using special
commands to modify the EEPROM of the unit. Thisrfat is for highly experienced users only.
Consult the factory for further details.

RS-232 I nput Commands

The RS-232 input commands are provided for theqgaef unit test and installation set-up.
Please note these commands are only available thkeBPS Disable Command Line is tied to
signal ground. There are eight commands intendedsi®e by the user (others are used at the
factory for alignment and calibration). A doubfmsebar keyed in during the initialization interval
is required for access to most of these commanusiritialization interval is the period of time
that the unit takes to send the startup messagstartutputting data. The two consecutive
spacebar commands must be received during thalindtiion interval; any more or less will
invalidate the command. Any other characters &etite unit during this time will also invalidate
the command.

1. An “R” or “r” will set the outputs (analog anérsal) to their Reference Command modes,
replacing the Inertial mode. This will also disalthe logic input Reference Command and
Free Mode Command until the next time the unitow@red up. This mode is used in
installation to physically align the unit. Douldpacebar at initialization is required for
access to this command.

2. An “I” or “i” sets the unit to Inertial mode. Stwhing to this mode clears the Reference
Command mode. This will also disable the logiaithReference Command and Free
Mode Command until the next time the unit is powlenp. Double spacebar at
initialization is required for access to this conmaa
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3. An “F” or “f” will disconnect the references frothe attitude system and is the Free Mode
Command. Free mode is used to make the systemeigime references during high
maneuvers and brief disturbances. This mode istenided for use except in brief
intervals, since errors will grow geometricallyhi will also disable the logic input
Reference Command and Free Mode Command untilekietime the unit is powered up.
This command does not require a double space laitiatization to be in effect.

4, An “H” or “h” will remove bias correction frorthe system and is the Hold Mode
Command. This mode is useful is highly dynamicagitans that may last for a few minutes.
Hold mode should not be used for more than a femutes, because errors can accumulate.
This command does not require a double space latialization to be in effect.

5. A “K” or “k” will clear the Free Mode Command drthe Hold Mode Command.

6. An “I" will reinitialize the unit. Further, #access to initialization is inhibited such that a
spacebar command must be sent within 2.5 secortie 6’ command for initialization to
be engaged. This command does not require a dephtee bar at initialization to be in
effect.

There are two output format commands: “_” for desdioutput and “*” for binary. See second part
of Appendix A for more information on changing outtiormats. There are several interface
commands as well: “” will toggle the output tanslea frame of data upon receiving any non-
command character and “+” will toggle the outputrio output data. These and other changes
can be made permanent by keying in the quote @jaxter. Double spacebar at initialization is
required for access to all of these commands.

The “&” command calls a menu which allows any ofesal parameters to be set. From this menu,
the user can change system time constants, dataelsdor serial output, heading source, velocity
source and baud rate. Double spacebar at indtadiz is required for access to this command.

The commands “~", “@", “#”, “$", ‘(“, )", “{*, “}", 1", “<”, “>",*?" and “S” are used by the
Watson factory to calibrate the unit and shouldi®ed only with the assistance of the factory. If
an undesired function is called, a “Q”, and somesirkscape or a Delete will interrupt the
command and return to operation with the leastidisince to the system. All other unspecified
characters such as carriage return, line feed axcesare ignored by the system.

If there are problems with the system “hanging dpting the binary output mode, check for cross-
talk between the serial transmit and receive lingour installation. In addition, check to seatth
the communications program used is not sendingho. & his will not happen in the decimal or
hexadecimal modes because command characters iz @y the system are not produced in
those modes. Please note that the signal and myesend are isolated from one another.

Analog Outputs

Analog signals are output from a 12 bit digitabtwalog converter with a series resistor to protect
the analog buffer amplifier. The output rangedtbiof the analog output channelstit0 Volts

with respect to the common signal ground. The wistmpclude:

Data Pin Range
Bank 14 +180C° / +10V
Elevation 15 +90° / +5V
Heading 16 0-360C / £10V
Roll Rate (X Axis) 23 +100°/s /£10V
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Pitch Rate (Y Axis) 24 +100°/s /+10V

Yaw Rate (Z Axis) 25 +100°/s /+10V
X Acceleration 17 +10G /+10V
Y Acceleration 18 +10G /+10V
Z Acceleration 19 +10G /+10V
Forward Acceleration 20 +10G /+10V
Lateral Acceleration 21 +10G /+10V
Vertical Acceleration 22 +10G /+10V

Analog I nputs

In an effort to make this system more versatile,DMS allows the user to input analog data that
can then be added to the serial data output. dllows the system to act as a data acquisition unit
for other vehicle information such as engine RPMjiee temperature, fuel remaining,
altitude/depth or any other important data. The Bmalog user inputs as well as the velocity input
have one megohm input impedance, 16 bit A/D comwmengsolution, £10 volt input range and
have a bandwidth of DC to 25 Hertz.

Speed I nputs

A vehicle speed input is used to assist in theeotion of errors. It is also included in the
parameter set that is available for serial out@Although its use is not always required, it ishtyg
recommended that this signal be supplied to the DM unit can receive speed information in
two formats, an analog or digital signal. Theiinéd GPS receiving unit provides the digital
signal.

The optional analog speed input signal is a voltageis scaled to 40 KPH per volt. Forward
motion should produce a positive signal with respesignal ground. Many other velocity scale
factors can be handled through simple change<isdhle factor stored in the EEPROM in the
microprocessor. This can be done with a PC anddbistance of the factory.

I nput Logic Commands

The DMS also has several digital inputs that dradivated by connecting to signal ground. The
user should only apply a ground because all thetinpave a internal pull-up resistor to +5VDC.
The pins are as follows:

a) Initialization - Resets all angle integrator§he unit should be in a non-accelerated
condition if this command is given. Leave pin offamot in use. Ground to command.

b) Reference - An alternate set of sensor informngprimarily intended as an
instrumentation mode. Leave pin open if not in. uSeound to command.

c) Free Inertial Mode — In this mode, the attitisleomputed from gyro data only. Free
mode is used when extreme accelerations are expecéave pin open if not in use.
Ground to command.

NOTE: The digital logic inputs are all disablécmny one equivalent serial command is sent via
RS-232. This is to prevent hardware/softwarrglats.
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Specifications
Attitude

*

Range: Bank
Range: Elevation
Resolution:

Analog Scale Factor:
Accuracy: Static
Accuracy: Dynamic

Heading

*

Range:

Resolution:

Analog Scale Factor:
Accuracy: Static
Accuracy: Dynamic

Angular Rate

Range: Roll, Pitch, Yaw
Resolution:

Analog Scale Factor:
Scale Factor Accuracy:
Bias: Roll, Pitch, Yaw
Non-Linearity
Bandwidth

Acceleration

Range: X, Y, Z

Range: Forward, Lateral, Vertical

Resolution:

Analog Scale Factor:
Scale Factor Accuracy:
Bias: X, Y, Z
Non-Linearity:
Bandwidth:

GPS Positioning

Range: Latitude

Range: Longitude

Range: Altitude

Resolution: Latitude, Longitude
Resolution: Altitude

Accuracy: Latitude, Longitude

Environmental

Temperature: Operating
Temperature: Storage
Vibration: Operating
Vibration: Survival
Shock: Survival

Electrical

Frame Rate

Startup Time: Data

Startup Time: Fully operational
Input Power:

Input Current:

Input Velocity: (Optional)
Digital Output:

Analog Output:

Output Impedance:

Physical

Axis Alignment:

Size: Including Mounting Flanges

Weight:
Connection: RS-232

Connection: Power / Analog Outputs
Connection: GPS Antenna (Qty 2)
Using velocity data with GPS mode on.

+180°
+75°
0.02°
18°/V
+0.5°
+2%

0° - 360°
0.02°
18°/V
0.5° RMS
+2%

+100°/sec
0.01°/sec
10°/sec/V
2%
< +0.3°/sec
< 0.05%
20 Hz

+10g
+10g
4mg
1g/vV
1%
<+5mg
<1%
20 Hz

+90°
+180°
Oft to 21500ft
0.0000013°
2ft

+0.6m (with DGPS)

-40°C to +85°C
-55°C to +85°C
2.5g rms
10g rms
5009

71.1 Hz

5 sec

< 60 sec
10 to 30vDC
400mA @ 12vDC
+10VvDC
RS-232
+10VDC

300 Ohm

<0.25°

3.24"W x 5.78"13:60"H

3loz (1.91b)

9 pin female “D” subminiature
25 pin male $Dbminiature

SMA

Binary mode (14 bit)
+10V Output

Binary mode (14 bit)
+10V Output

Using GPS

+0.1°/sec (without GPS)

Binary mode (14 bit)
+10V Output

Full scale range

+10V Output

Full scale range

Binargde (28 bit)

.8 (without DGPS)

20 Hz to 2 kHz
20 Hz to 2 kHz
10ms Y2 sine wave

Maximum
Typical
4.8 W

200mA @ 24VDC
Full scale (+4Roh)

Per line

8.2 x14.7 x 8.9 (cm)

870 (0.99)

Antenna Céalelegth: 3.0m

Actual accuracy can be calculated as the listedepénge multiplied by the change in value overtire dynamic maneuver.
Specifications are subject to change without notice

This product may be subject to export restrictidtisase consult the factory.

DMS-SGP02 Rev E 11/160201

Watson Industries, Inc.
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Serial Connector — | GPS AfT
Antenna Connector
GPS Fore |

Antenna Connector

Power and Analog

Output Connector ik ® \ ] ©

Figure 1
Watson Industries, Inc. DMS-SGP02 Rev E 11/160201
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Connections / Dimensions

25 Pin Male D-Sub Power/Analog Output Connector

Pin Description
1 Power Ground *
2 +12 or +24 VDC
3-6 User Inputs 1 - 4
7 GPS Disable Command
8 Coast Command
9 No Connection
10 Initialization Command
11 Velocity Input (option)
12 Signal Ground
13 Reference Command
14 Bank Angle Analog Output

Pin Description
15 Elevation Angle Analog Output
16 Heading Angle Analog Output
17 X Axis Acceleration Aot Output
18 Y Axis Acceleration Agalutput
14 Z Axis Acceleration Analog @Qtitg
20| Forward Acceleration Analog it
21 Lateral Acceleratidmalog Output
22| Vertical Acceleratidnalog Output
23 X Axis Rate Analog Output
24 Y Axis Rate Analog Output
25 Z Axis Rate Analogtput

* Power Ground & Signal Ground are electrically isata
* The signal ground is connected to case.

\_‘

L.

|
1)

25 Pin Connector o

Male DfSub\EJ
@

Elevation

2.28"

3.50"

?60.15” 4 places

Aft GPS Antenna

z O/ X
i FORWARD T
Y Y H
2 o |
] ™
Bank Heading
O x1
% N o
| | 4,74
‘ 5.25”
5.78”

Watson Industries, Inc.

Figure 2 DMS-SGP02

Fore GPS AntennaJ

9 —Pin Female D-Sub
RS-232 Serial
Communication Connector

in P Description

1 No Connection
2 TXD**
3 RXD
4 Shorted to pin 6
5

6

Signal Ground

Shorted to pin

1 hofed to pin 8

Shorted to pin 7

9 No Connection
** The user receives
on this line.

=+

25 Pin Connector
Male D-Sub
Connectorj 03@/4«—‘

.

©
©

CAUTION

DELICATE INSTRUMENT

w
3
T
E
2
wu
o}
a
4
<
I

o

-

9 Pin Connector

Connector Female D-Sub

DMS-SGP02 Rev E 11/160201
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l ) X Axis Acceleration
Z Axis Acceleration

v Vertical Acceleration Forward Acceleration

mensions

1.447 029"

)
A

X M2.6x0.45 ¥V 3mm

Watson Industries, Inc. DMS-SGP02 Rev E 11/160201
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Warning

Rough handling, dropping, or miswiring this unitiiely to cause
damage.

DISCLAIMER

The information contained in this manual is belett® be accurate and reliable; however, it is the
user’s responsibility to test and to determine Whaet Watson Industries’ product is suitable for a
particular use.

Suggestion of uses should not be taken as induderteeimfringe upon any patents.
WARRANTY

Watson Industries, Inc. warrants, to the originaichaser, this product to be free from defective
material or workmanship for a period of one fulayérom the date of purchase. Watson
Industries’ liability under this warranty is limdeo repairing or replacing, at Watson Industries’
sole discretion, the defective product when retdiioethe factory, shipping charges prepaid, within
one full year from the date of purchase. The wayrdescribed in this paragraph shall be in lieu of
any other warranty, express or implied, including ot limited to any implied warranty of
merchantability or fitness for a particular purpose

Excluded from any warranty given by Watson Indestare products that have been subject to
abuse, misuse, damage or accident; that have beeected, installed or adjusted contrary to the
instructions furnished by seller; or that have begraired by persons not authorized by Watson
Industries.

Watson Industries reserves the right to discontmodels, to change specifications, price or
design of this product at any time without noticel avithout incurring any obligation whatsoever.

The purchaser agrees to assume all liabilitiesuigrdamages and/or bodily injury which may
result from the use, or misuse, of this producthgypurchaser, his employees or agents. The
purchaser further agrees that seller shall notaidel in any way for consequential damages
resulting from the use of this product.

No agent or representative of Watson Industriesitiorized to assume, and Watson Industries
will not be bound by any other obligation or remsition made in connection with the sale and/or
purchase of this product.

PRODUCT LIFE

The maximum expected life of this product is 20rgdeom the date of purchase. Watson
Industries, Inc. recommends the replacement opaoguct that has exceeded the product life
expectation.

Watson Industries, Inc. DMS-SGP02 Rev E 11/160201
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SERVICE

Watson Industries, Inc. has no service outletd.sédvice is performed at the factory. In order to
insure prompt service, prior to returning units rigpair please call, write or fax:

Watson Industries, Inc.

3041 Melby Road

Eau Claire, WI 54703

ATTN: Service Department
Telephone: (715) 839-0628

Fax: (715) 839-8248

Email: support@watson-gyro.com

All sensors returned under warranty will be repdif@ replaced at the sole option of Watson
Industries) at no cost to the customer other thgmpsng charge from customer to Watson
Industries (plus any export and transportation gésoutside the United States).

In the case of units not under warranty, a flaanefee will be charged. This fee can be
determined by contacting Watson Industries. Medifinits or those subjected to extreme abuse
may be returned to the customer unrepaired.

Watson Industries, Inc. DMS-SGP02 Rev E 11/160201
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Appendix A

The following outputs are available via the RS-288al link. Their full scale ranges are listed both decimal and
binary format.

Inertial Qutput Full Scale Decimal Full Scale Binary
Time utct Seconds Since Reset
HHMMSS 16,383 seconds
Bank Angle +179.9° +180°
Elevation Angle +89.9° +180°
Heading Angle 0.0 to 359.9° +180°
X Accelerometer +9.99 G +10 G
Y Accelerometer +9.99 G +10 G
Z Accelerometer +9.99 G +10 G
Forward Acceleration +9.99 G +10G
Lateral Acceleration +9.99 G +10 G
Vertical Acceleration +9.99 G +10G
X Angular Rate +99.9 9/s +200 °/s
Y Angular Rate +99.9 9/s +200 /s
Z Angular Rate +99.9 %/s +200 °/s
Heading Rate +99.9 9/s +200 /s
User Channel 1 +9.99 VDC +10 VDC
User Channel 2 +9.99 VDC +10 VDC
User Channel 3 +9.99 VDC +10 VDC
User Channel 4 +9.99 VDC +10 VDC
Ground TracK / Forward Velocity +399.9 Km/hr +400 Km/hr
Latitude® +89.99999 +90° (4 bytes)
Longitude® +179.99999 +180° (4 bytes)
Altitude 21500 Feet 21500 Feet (2 Feet/count)
Temperature -40° to 88°C -40° to 88°C (7 bit)
Status Bits 3 ASCII chars representing 1 byte
Octal digits
Flag Bits 3 ASCII chars representing 1 byte
Octal digits

! Note: The GPS universal time (UTC) field is filladth asterisks when the data is invalid.

(“******")

% Note: The Ground Track Velocity field is filled thiasterisks when the data is invalid.

(**** . *)

% Note: The Latitude & Longitude fields are filledttvasterisks when the data is invalid.

“+**. *kkkk +*** '*****”)

4 Note: The Altitude field is filled with asteriskghen the data is invalid.

(*****)

The Status Bits contain the following information:

Watson Industries, Inc. DMS-SGP02 Rev E 11/160201
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—

ounbrwnroW®

Description (If Set)
Bank Error Flag
Elevation Error Flag
Heading Error Flag
System Error Flag
Velocity Error Flag
Ready Flag
Checksum Error Flag

e.g. Status = 040(octal) = 0 100000 (binary
bit 6 is reset - No Checksum Error
bit 5 is set - Ready
bit 4 is reset — No Velocity Error
bit 3 is reset — No System Error
bit 2 is reset — No Heading Error
bit 1 is reset — No Elevation Error
bit O is reset — No Bank Error

The Flag Bits contains the following information:

Bit

O, WNEO

Description (If Set)

GPS ground track heading data loss
GPS ground track velocity data loss
GPS true heading data loss
Reference Command selected

GPS enabled

Free Mode selected

Logic Input Switches disabled

e.g. Flags =120(octal) = 1010000 (binary)

bit 6 is set - Logic Input disabled

bit 5 is reset - not in Free Mode

bit 4 is set - GPS enabled

bit 3 is reset — not in Reference Mode

bit 2 is reset - valid GPS true heading data

bit 1 is reset - valid GPS ground track velocity
bit 0 is reset - valid GPS ground track heading

Watson Industries, Inc.
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Determining and Setting Output Channels

To determine which channels are present.

Hook the unit up to your computer’s serial port.

Use a terminal program to interface with the unit.

Make sure the GPS Disable Command Line is tiedgiwas ground so that unit can receive computer cands.

Turn on unit. Wait for the startup message to appe display.
Hit the space bar twice within the first 5 secoafiturn on.
Sometimes it takes a few tries to get the hangisf t

Wait for the data string to start transmitting.

Now the unit will take in keyboard commands.
To determine which channel present, first type '&'.
This will bring up the menu:

TYPE IN THE NUMBER OF YOUR SELECTION (OR'Q' TOQUI  T):
1 = ADJUST TIME CONSTANTS
2 = SET OUTPUT CHANNELS
3 = LIST CURRENT OUTPUT CHANNEL SELECTION
4 = SELECT HEADING SOURCE
5 = SELECT VELOCITY SOURCE
6 = SET NEW BAUD RATE

Typing in '3" will show which channels are currgrattive.

To change which channels are output type '&'(thisbsing up the menu again)

Now type '2' to set up channels
The following message will appear:

TO SET FOR OUTPUT FOR ANY OF THE FOLLOWING DATA EMS, PRESS Y
TO AVOID ANY OF THE FOLLOWING DATA ITEMS, PRESS N
TO QUIT AND DISREGARD ANY OTHER DATA, PRESS Q

*** DO YOU WANT TO PROCEED? (Y/N/Q)

To proceed type 'Y' or “y”
Now each channel will come up one at a time
For example:

DO YOU WANT OUTPUT OF TIME?

Type 'Y' or “y"to output channel, type 'N' or “nd remove channel
When you get to bottom of list, this message vplear:

Y = GOBACK, N = INSTALL DATA & QUIT, Q = QUIT
DO YOU WANT TO TRY TO SET DATA AGAIN?

To accept channels type 'N' or “n”, then hit spaeoutput data to resume.

To make this channel selection the default the tige you power the unit on type in " (a quote mark

Watson Industries, Inc. DMS-SGP02 Rev E 11/160201
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Setting Output Format

There are two output formats:
Decimal output — “_" Command.
Binary output — “" Command.

To change the output format:
Hook the unit up to your computer’s serial port.
Use a terminal program to interface with the unit.
Make sure the GPS Disable Command Line is tiedgtwas ground so that unit can receive computer
commands.

Turn on unit. Wait for the startup message to appaalisplay.
Hit the space bar twice within the first 5 secoafiturn on.
Sometimes it takes a few tries to get the hangisf t

Wait for the data string to start transmitting.

Now the unit will take in keyboard commands.
Press the key Command corresponding to the formatwant to switch into.

To make this channel selection the default the tige you power the unit on type in " (a quote mjgrk

Setting Heading Mode

Hook the unit up to your computer’s serial port.
Use a terminal program to interface with the unit.
Make sure the GPS Disable Command Line is tiedgimas ground so that unit can receive computer cands.

Turn on unit. Wait for the startup message to appe display.
Hit the space bar twice within the first 5 secootiturn on.
Sometimes it takes a few tries to get the hangisf t

Wait for the data string to start transmitting.

Now the unit will take in keyboard commands.
To set the heading mode, type in &.
This will bring up the menu:

TYPE IN THE NUMBER OF YOUR SELECTION (OR'Q' TOQUI  T):
1 = ADJUST TIME CONSTANTS
2 = SET OUTPUT CHANNELS
3 = LIST CURRENT OUTPUT CHANNEL SELECTION
4 = SELECT HEADING SOURCE
5 = SELECT VELOCITY SOURCE
6 = SET NEW BAUD RATE

Typing in 4' will bring up this menu:

SELECTION HEADING SOURCE (OR 'Q' TO QUIT):
1 = GPS TRUE NORTH HEADING(GPHDT GPS Message Re quired)
2 = RELATIVE HEADING

To set the heading mode to GPS True North Heagjpegy‘fl’. To use this mode, the GPS antennas neusbhnected
to the DMS.

To set the heading mode to Relative Heading typeTais is the normal DMS mode (non-GPS). Irstitiode, the
GPS antennas do not need to be connected.
To make any of these modes the default the next yimu power the unit on type in " (a quote mark.)

Watson Industries, Inc. DMS-SGP02 Rev E 11/160201
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Setting Velocity Mode:

Hook the unit up to your computer’s serial port.
Use a terminal program to interface with the unit.
Make sure the GPS Disable Command Line is tiedgiwas ground so that unit can receive computer cands.

Turn on unit. Wait for the startup message to appe display.
Hit the space bar twice within the first 5 secootiturn on.
Sometimes it takes a few tries to get the hangisf t

Wait for the data string to start transmitting.

Now the unit will take in keyboard commands.
To set the velocity mode, type &.
This will bring up the menu:

TYPE IN THE NUMBER OF YOUR SELECTION (OR'Q' TOQUI  T):
1 = ADJUST TIME CONSTANTS
2 = SET OUTPUT CHANNELS
3 = LIST CURRENT OUTPUT CHANNEL SELECTION
4 = SELECT HEADING SOURCE
5 = SELECT VELOCITY SOURCE
6 = SET NEW BAUD RATE

Typing in 5' will bring up this menu:

SELECTION HEADING SOURCE (OR 'Q' TO QUIT):
1 = GPS GROUND TRACK VELOCITY (GPRMC GPS Messag e Required)
2 = ANALOG VELOCITY

To set to GPS Ground Velocity type ‘1'. This ig tnode when using the GPS module.

To set to Analog Velocity type ‘2’. This is themeal DMS mode (non-GPS). Make sure that the prapatog
velocity signal is applied.

To make this selection the default the next time gower the unit on type in " (a quote mark.)

Watson Industries, Inc. DMS-SGP02 Rev E 11/160201
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Appendix B
Sensor Test Instructions

Tests within this section have been designed twalhe user to verify the correct operation of the
sensor without the use of elaborate test equipoi®etr than a means of accurately observing the
outputs. The “Hyperterminal” program provides dafle means of observing the outputs.

B.1 Parameter Exercise Test

After successful initialization, move the sensoaliithree axes using both linear and angular
motion, making certain each of the measuremennpatexrs responds to the motion.

B.2 Angular Displacement Scale Factor Tests

After successful initialization, place the sensoradevel surface and observe the pitch and roll
displacement signals. Place the sensor on a aiincline the sensor by a small angle of 6 to 10
degrees in the pitch. A suitable pivot is a 10nguese bar attached to the sensor base plate with
adhesive tape. Give the "Reference" command. sigmals from the simulated pendulums will be
output instead of the normal angular displacemigmiads. Careful note should be taken of the
angles indicated in the reference mode. The sesgaid then be tipped on the pivot into the
other stable position and the angle again noted.

The procedure of tipping the sensor should be tedaa “Inertial Mode”. The angles obtained
should agree with those noted in “Reference Mode”.

Repeat this procedure for the Roll axis. The spiv@ may be used, but some care will be needed
to avoid exceeding the 100 °/second limit. A maperopriate size of bar would be 5mm square.

B.3 Accelerometer Scale Test

After successful initialization, place the sensoradevel surface and monitor the acceleration
outputs. Observe that the X and Y outputs read zexa@ while the Z axis will read -1G within the
accuracy of the sensor.

Set the sensor at a 45° angle to the horizontaiteh only. The value of X and Z acceleration
should read 0.71G, within the accuracy of the sengaile the Y acceleration should remain at the
level value. The values of Forward, Lateral andti¢al Acceleration should remain at the values
when level.

Repeat the test for the roll axis of the sensandey this test, Y and Z acceleration will read G71
and the X acceleration will retain its value atdev

B.4 Leveled Accelerometer Test

Watson Industries, Inc. DMS-SGP02 Rev E 11/160201
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After successful initialization, place the sensoradevel surface, and observe the pitch and roll
displacement signals as well as acceleration ositput

The Forward, Lateral and Vertical outputs shouldegpond to the X, Y and Z outputs to within
the accuracy of the sensor.

Set the sensor at a 45° angle to the horizongaitah only, taking care not to move the sensomnat a
angular rate of more than 100 °/sec.

The Forward, Lateral and Vertical Acceleration auigpshould not change from the values at level
by more than the accuracy of the sensor.

Move the sensor through a further 45 degrees ain @itich that the baseplate is now vertical, again
taking care not to exceed the 100 °/sec limit. 3d&esor should then be rotated about the vertical
and the Yaw output will respond accordingly.

The test should then be repeated for the Roll axis.

Watson Industries, Inc. DMS-SGP02 Rev E 11/160201
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Appendix C

Data Word
MSB

LSB

716 514 |3 1|2 |1 |O 716

5

4

3 12 |1

0

As the data words are received, the LSB is shiiéido shift out the sign bit. The MSB is themoected to the LSB
as a 16 bit word. This word is then shifted lefshift out the sign bit. What remains is a sigfradtional word with a

resolution of 13 bits plus a sign bit.

DATA STREAM

WORD1| WORD?2| WORD 3 WORDIl ..........

All of the data words have a high sign bit, but dedimiter byte is an ASCII carriage return chaeactvhich has a low

sign bit. The nominal interface settings are:

9600 Baud

8 Bit Data

1 Start Bit

1 Stop Bit

No Parity
No Handshake

Watson Industries, Inc.
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Return

WORD N| 0x0D
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