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About this Manual

The following annotations have been used to provide additional
information.

« NOTE

Note provides additional information about the topic.

M EXAMPLE

Examples are given throughout the manual to help the reader understand the
terminology.

R~ IMPORTANT

This symbol definesitems that have significant meaning to the user

¢ WARNING

The user should pay particular attention to this symbol. It meansthereisa
chance that physical harm could happen to either the person or the
equipment.

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

1.1.1 Heading 3
Normal
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1 Introduction

1.1 The AHRS Series Motion and Attitude Sensing Units

This manual explainsthe use of the AHRS400 Series of products, nine-axis
measurement system designed to measure stabilized pitch, roll and yaw
anglesin adynamic environment.

The AHRS is a nine-axis measurement system that combines linear
accelerometers, rotational rate sensors, and magnetometers. The AHRS
uses the 3-axis accelerometer and 3-axis rate sensor to make a complete
measurement of the dynamics of your system. The addition of a 3-axis
magnetometer also allows the AHRS to make atrue measurement of
magnetic heading.

The AHRS isthe solid-state equivalent of avertical gyro/artificial horizon
display combined with adirectional gyro.

The AHRS series units are low power, fast turn on, reliable and accurate
solutions for awide variety of stabilization and measurement applications.

All AHRS products have both an analog output and an RS-232 sexia link.
Datamay be requested viathe serial link as asingle polled measurement or
may be streamed continuously. The analog outputs are fully conditioned
and may be connected directly to an analog data acquisition device.

Crossbow Technology DMUs employ onboard digital processing to
compensate for deterministic error sources within the unit and to compute
attitude information. The DMUs accomplish these tasks with an analog to
digital converter and a high performance Digital Signal Processor.

The AHRS uses angular rate sensors and linear acceleration sensors that are
micro-machined devices. The three angular rate sensors consist of vibrating
ceramic plates that utilize the Coriolisforce to output angul ar rate
independently of acceleration. The three MEM S accelerometers are surface
micro-machined silicon devices that use differential capacitance to sense
acceleration. Solid-state MEM S sensors make the AHRS both responsive
and reliable. The magnetic sensors are state-of-the-art miniature fluxgate
sensors. Fluxgate sensors make the AHRS sensitive and responsive, with
better temperature performance than other technol ogies such as magneto-
resistive sensors.

The AHRSA00 Series of products utilize a sophisticated Kalman filter
algorithm to allow the unit to track orientation accurately through dynamic
maneuvers. The Kalman filter will automatically adjust for changing
dynamic conditions without any external user input. No user intervention
or configuration isrequired at power-up.
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The AHRS should not be exposed to large magnetic fields. Thiscould
permanently magnetize internal components of the AHRS and degrade its
magnetic heading accuracy.

1.2 Package Contents

In addition to your DMU sensor product you should have:
1 CD with GyroView Software
GyroView will alow you to immediately view the outputs of the
AHRS on a PC running Microsoft® Windows™. Y ou can also

download this software from Crossbow’ s web site at
http://www.xbow.com.

1 Digital Signal Cable.

Thislinksthe DMU directly to aserial port. Only the transmit,
receive, power, and ground channels are used. The analog outputs
are not connected.

1DMU Calibration Sheet

The Digital Calibration Sheets contains the custom offset and
sensitivity information for your AHRS. The calibration sheet is

not needed for normal operation asthe AHRS has an internal
EEPROM to store its calibration data. However, thisinformation

is useful when developing your own software to correctly scalethe
output data. Save this page!

1DMU Data Sheset

This contains valuable digital interface information including data
packet formats and conversion factors.

:5755200163.com
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2 Quick Start

2.1 GyroView Software

Crossbow includes GyroView software to allow you to use the DMU right
out of the box and the evaluation is straightforward. Install the GyroView
software, connect the DMU to your serial port, apply power to your unit and
start taking measurements.

2.1.1 GyroView Computer Requirements

The following are minimum capabilities that your computer should have to
run GyroView successfully:

CPU: Pentiumclass

RAM Memory: 32MB minimum, 64MB recommended
Hard Drive Free Memory: 15MB

Operating System: Windows 95, 98, NT4, 2000

2.1.2 Install GyroView
Toinstal GyroView inyour computer:
1. Insertthe CD “Support Tools” inthe CD-ROM drive.
2. Findthe GyroView folder. Double click on the setup file.

3. Follow the setup wizard instructions. You will install GyroView
and aLabView 6 Runtime Engine. Y ou will need both these
applications.

If you have any problems or questions, you may contact Crossbow directly.

2.2 Connections

The DMU is shipped with a cable to connect the DMU to aPC
communications port.
1. Connect the 15-pin end of the digital signal cableto the port on the
AHRS.

2. Connect the 9-pin end of the cableto the serial port of your
computer.

3. Theadditional black and red wires on the cable supply power to
the AHRS. Match red to (+) power and black to (-) ground. The
input voltage can range from 9 - 30 VDC at 275 mA for the
AHRS. For further information, see the specifications for your
unit.

SUNSTAR = : = = : 2 ©163.com
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é WARNING
Do not reversethe power leads! Applying the wrong power to the AHRS

can damage the unit; Crossbow Technology is not responsible for resulting
damageto the unit.

« NOTE

The anal og outputs from the AHRS are unconnected in this cable.

2.3 Setup GyroView

With the AHRS connected to your PC serial port and powered, open the
GyroView software.
1. GyroView should automatically detect the AHRS and display the
serial number and firmware version if it is connected.

2. If GyroView does not connect, check that you have the correct
COM port selected. You find this under the “DMU” menu.

3. Select thetype of display you want under the menu item
“Windows’. Graph displaysareal time graph of all the AHRS
data; FFT displays afast-fourier transform of the data; Navigation
shows an artificial horizon display.

4. Youcanlogdatato afile by entering adatafile name. You can
select the rate at which datais saved to disk.

5. If the statusindicator says, “ Connected”, you're ready to go. If
the status indicator doesn’t say connected, check the connections
between the AHRS and the computer; check the power; check the
serial COM port assignment on your computer.

2.4 Take Measurements

Once you have configured GyroView to work with your AHRS, pick what
kind of measurement you wish to see. “Graph” will show you the output
you choose as a strip-chart type graph of valuevs. time. “FFT” will show
you areal-time fast Fourier transform of the output you choose.
“Navigation” will show an artificial horizon and the stabilized pitch and roll
output of the AHRS.

Let the AHRS warm up for 30 - 60 seconds when first turned on. This
allows the Kalman filter to estimate the rate sensor biases. Now you're
ready to usethe AHRS!

SUNSTAR —http://www sensar-ic.com/ TEL: 0755-83376489 FAX:-(0755-83376182 E-MAIl :s75s20@163.com
Page 4 Doc# 7430-0004-01 Rev. A



AHRS400 Series User’'s Manual
UNSTAR http- /7w, sensor-1c.con/ TEL :0755-83376549 FAX:0755—8337695‘%%%%520@163.co

3 AHRS Details

3.1 AHRS Coordinate System

The AHRS will have alabel on one faceillustrating the DMU coordinate
system. With the connector facing you, and the mounting plate down, the
axes are defined as:

X-axis — from face with connector through the DMU
Y-axis — along the face with connector from left to right
Z-axis — along the face with the connector from top to bottom

The axes form an orthogonal right-handed coordinate system. An
acceleration is positive when it is oriented towards the positive side of the
coordinate axis. For example, with the AHRS sitting on alevel table, it will
measure zero g along the x- and y-axes and +1 g along the z-axis.
Gravitational acceleration is directed downward, and thisis defined as
positive for the DMU z-axis.

The angular rate sensors are aligned with these same axes. The rate sensors
measure angular rotation rate around a given axis. The rate measurements
arelabeled by the appropriate axis. The direction of apositiverotationis
defined by the right-hand rule. With the thumb of your right hand pointing
along the axisin apositive direction, your fingers curl around in the
positive rotation direction. For example, if the AHRS is sitting on alevel
surface and you rotate it clockwise on that surface, thiswill be a positive
rotation around the z-axis. The x- and y-axis rate sensors would measure
zero angular rates, and the z-axis sensor would measure a positive angular
rate.

The magnetic sensors are aligned with the same axes definitions and sign as
the linear accelerometers.

Pitch is defined positive for a positive rotation around the y-axis (pitch up).
Roll isdefined as positive for apositive rotation around the x-axis (roll

right). Yaw isdefined as positive for apositive rotation around the z-axis
(turn right).

The angles are defined as standard Euler angles using a 3-2-1 system. To

rotate from the body frame to an earth-level frame, roll first, then pitch, and
then yaw.

3.2 Connections

The AHRSA00CA has afemale DB-15 connector, whereas AHRS400CB
and AHRS400CC have amale DB-15 connector. The signals are as shown
inTable 1.
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Table 1. AHRS Connector Pin Out

Pin Signal

RS-232 Transmit Data
RS-232 Receive Data
Positive Power Input (+Vcc)

Ground

X-axis accelerometer Analog voltage®

Y-axis accelerometer Analog voltage®

Z-axis accelerometer Analog voltage®

Roll rate analog voltage?

Ol ol N[Ol A W] N

Pitch rate analog voltage®

10 Yaw rate analog voltage®

11 NC — factory use only

12 Roll angle/X-axis magnetometer scaled analog voltage®
13 Pitch angle/Y -axis magnetometer scaled analog voltage®
14 Yaw angle/Z-axis magnetometer scaled analog voltage®

15 NC — factory use only

Notes:

1. The accelerometer anal og voltage outputs are the raw sensor output.
These outputs are taken from the output of the accelerometers.

2. Therate sensor analog voltage outputs are scaled to represent °/s. These
outputs are created by aD/A converter.

3. Actual output depends on DM U measurement mode. These outputs are
created by aD/A converter.

All analog outputs are fully buffered and are designed to interface directly
to data acquisition equipment.

:5755200163.com
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The serial interface connection is standard RS-232. On astandard DB-25
COM port connector, make the connections per Table 2.

Table2. DB-25 COM Port Connections

COM Port Connector DMU Connector
Pin# | Signal Pin# | Signal
2 TxD 2 RxD
3 RxD 1 TxD
7 GND* 4 GND*

*Note: Pin 4 on the DMU is data ground as well as power ground.

On astandard DB-9 COM port connector, make the connections per Table
3.

Table3. DB-9 COM Port Connections

COM Port Connector DMU Connector
Pin# | Signal Pin# | Signal
2 RxD 1 TxD
3 TxD 2 RxD
5 GND* 4 GND*

*Note: Pin 4 on the DMU is dataground aswell as power ground.

Power is applied to the DMU on pins 3 and 4. Pin 4 isground; Pin 3 should
have 9-30 VDC unregulated at 275 mA. If you are using the cable supplied
with the DMU, the power supply wires are broken out of the cable at the
DB-9 connector. The red wire is connected to VCC; the black wireis
connected to the power supply ground. DO NOT REVERSE THE POWER
LEADS.

The anal og outputs are unconnected in the cable Crossbow supplies. The
analog outputs are fully buffered and conditioned and can be connected
directly into an A/D. The analog outputs require a data acquisition device
with an input impedance of 10kW or greater for DAC outputs and relatively
higher input impedance for raw analog outputs.

3.3 Interface
The serial interface is standard RS-232, 38400 baud, 8 data bits, 1 start bit,
1 stop bit, no parity, and no flow control.

Crossbow will supply DMU communication software examples written in
LabView. Source codefor the AHRS serial interface can be obtained via

Doc# 7430-0004-01 Rev. A Page
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the web at http://www.xbow.com. The source code hasa.vi file format and
requires aNational Instruments LabView 5.0 or newer license to use.

The DMU baud rate can be changed per the following procedure:

1. Start with the DMU connected to the serial interface, with
your software set to the default baud rate of 38,400.

2. Sendthe ASCII character “b” (0x62 hex) tothe DMU. Ina
terminal program like Windows HyperTerminal or ProComm,
this means simply typetheletter “b”. The DMU is case
sensitive. The DMU will respond “B” (0x42 hex).

3. Now change the baud rate of your terminal software.

4.  Sendthe ASCII character “a’ (61 hex). The DMU will detect
the character and automatically match the baud rate your
softwareisusing. Upon successful operation, the DMU will
return the character “A” (0x41 hex) at the new baud rate.

5. You can now use the DMU at the new baud rate.

The new baud rate setting is not permanent; therefore, this process must be
repeated after any power reset.

3.4 Measurement Modes

The AHRS400 Seriesis designed to operate as a compl ete attitude and
heading reference system. Y ou can also use the DMU as a nine-axis sensor
module. The AHRS can be set to operate in one of three modes: voltage
mode, scaled sensor mode, or angle (VG) mode. The measurement mode
selectsthe information that is sent in the data packet over the RS-232
interface. Seethe“Data Packet Format” section for the actual structure of
the data packet in each mode.

3.4.1 Voltage Mode

In voltage mode, the analog sensors are sampled and converted to digital
datawith 1 mV resolution. The digital datarepresentsthe direct voltage
output of the sensors. The datais 12-bit, unsigned. The value for each
sensor issent as 2 bytes in the data packet over the serial interface. A single
data packet can be requested using a serial poll command or the DMU can
be set to continuously output data packetsto the host.

The voltage datais scaled as:
voltage = data* (5 V)/2'2
where voltageis the voltage measured at the sensor, and dataisthe value

of the unsigned 16-bit integer in the data packet. Note that although the
datais sent as 16-bit integers, the data has a resolution of only 12 hits.
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Page 8 Doc# 7430-0004-01 Rev. A



AHRS400 Series User’'s Manual
UNSTAR http- /7w, sensor-1c.con/ TEL :0755-83376549 FAx:0755-8337&5‘%50?1\';{%‘9&20@163.co

The DMU rate sensor, magnetometer, and angle anal og outputs are not
enabled in thismode. Only the linear accelerometer analog outputs on pins
5- 7 are enabled because these signals are taken directly from the
accelerometers. Seethe “Analog Output” section for a complete description
of the anal og outputs.

3.4.2 Scaled Sensor Mode

In scaled sensor mode, the anal og sensors are sampled, converted to digital
data, temperature compensated, corrected for misalignment, and scaled to
engineering units. Thedigital datarepresents the actual value of the
quantities measured. A calibration table for each sensor is stored in the
DMU non-volatile memory. A single data packet can be requested using a
serial poll command or the DMU can be set to continuously output data
packetsto the host. The datais sent as signed 16-hit 2's complement
integers. Inthis mode, the DMU operates as a nine-axis measurement
system.
The scaled sensor anal og outputs are enabled in this mode. Note that
stabilized pitch, roll, and yaw angles are not available in scaled sensor
mode. Seethe“Analog Output” section for a complete description of the
analog outputs.
To convert the acceleration datainto G’s, use the following conversion:
accdl = data* (GR * 1.5)/2°°
where accel isthe actual measured accelerationin G's, datais the digital
data sent by the DMU, and GR isthe G Range for your DMU. (The datais
scaled sothat 1 G = 9.80 ms2.) The G range of your DMU isthe range of

accelerations your DMU will measure. For example, if your DMU usesa+
2 G accelerometer, then the G rangeis 2.

To convert the angular rate datainto degrees per second, use the following
conversion:

rate= data* (AR* 1.5)/2'°

whererate is the actual measured angular rate in °/sec, dataisthe digital
data sent by the DMU, and AR isthe Angular rate Range of the DMU. The
angular rate range of your DMU isthe range of angular rates your DMU
will measure. For example, if your DMU uses + 150 °/s rate sensors, then
the AR rangeis 150.

To convert the accel eration data into Gauss, use the following conversion:
mag = data* (MR* 1.5)/2"°
where mag is the actual measured magnetic field in Gauss, dataiis the

digital data sent by the DMU, and MR isthe Magnetic field Range of the
DMU. MR is1.25 for the AHRS.

SUNSTAR = : = = : 4 ©163.com
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The AHRS Kalman filter is not enabled in scaled sensor mode. Therefore,
the rate sensor bias will change slightly due to large changes in temperature
and time. If the unit is changed from angle to scaled mode, the last
estimated rate sensor bias values are used upon entering scaled mode.

3.4.3 Angle Mode

In angle mode, the DM U acts as a compl ete attitude and heading reference
system and outputs the stabilized pitch, roll, and yaw angles along with the
angular rate, acceleration, and magnetic field information. The angular rate,
acceleration, and magnetic field values are calculated as described in the
scaled sensor mode.

The DMU analog outputs are enabled in this mode, including stabilized
pitch, roll, and yaw angles.

The Kalman filter operates in angle mode to track the rate sensor biasand
calculate the stabilized roll, pitch, and yaw angles.

In angle mode, the DM U uses the angular rate sensorsto integrate over your
rotational motion and find the actual pitch, roll, and yaw angles. The DMU
uses the accelerometersto correct for rate sensor drift in the vertical angles
(pitch and roll); the DMU uses the magnetometersto correct for rate sensor
drift in theyaw angle. Thisisthe modern equivalent of an analog vertical
gyro that used a plumb bob in afeedback |oop to keep the gyro axis
stabilized to vertical. The DMU takes advantage of the rate gyros’
sensitivity to quick motions to maintain an accurate orientation when
accelerations would otherwise throw off the accel erometers measurement of
the DMU orientation relative to gravity; the DMU then uses the
accelerometers to provide long term stability to keep the rate gyro drift in
check.

The AHRS400CA and AHRSA400CB use a sophisticated Kalman filter
algorithm to track the biasin the rate sensors. Thisalowsthe DMU to use
avery low effective weighting on the accelerometers when the DMU is
moved. This makesthe DMU very accurate in dynamic maneuvers. Unlike
other Crossbow DM U systems, the user does not need to set an erection
rate.

The AHRS outputs the stabilized pitch, roll and yaw anglesin the digital
data packet in angle mode. To convert the digital datato angle, use the
following relation:

angle = data* (SCALE)/2"®
where angle isthe actual anglein degrees (pitch, roll or yaw), datais the
signed integer data output in the data packet, and SCALE is a constant.
SCALE =180° for roll, pitch and yaw.
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3.5 Commands

The AHRS has a simple command structure. Y ou send a command
consisting of one byte to the DMU over the RS-232 interface and the DMU
will execute the command.

« NOTE

The DMU commands are case sensitive!

GyroView isavery good tool to use when debugging your own software.
GyroView formulates the proper command structures and sends them over
the RS-232 interface. Y ou can use GyroView to verify that the DMU is
functioning correctly. GyroView does not use any commands that are not
listed here.

«NOTE

Certain combinations of characters not listed here can cause the unit to enter
afactory diagnostic mode. While this mode is designed to be very difficult
to enter accidentally, itisrecommended that the following command set be

adhered to for proper operation.

3.5.1 Command List

Command Reset

Character(s) Sent R

Response H

Description Resets DMU to default state

Command Voltage Mode

Character(s) Sent r

Response R

Description Changes measurement type to Voltage Mode.
DMU outputs raw sensor voltage in the data
packet.

Command Scaled Mode

Character (s) Sent c

Response C

Doc# 7430-0004-01 Rev. A
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Description Changes measurement type to Scaled Mode.

DMU outputs measurementsin scaled
engineering units.

Command Angle Mode

Character (s) Sent a

Response A

Description Changes measurement typeto Angle (VG) Mode.

DMU calculates stabilized pitch and roll. Also
outputs sensor measurements in scaled
engineering units.

Command Polled Mode

Char acter (s) Sent P

Response none

Description Changes data output mode to Polled Mode.

DMU will output a single data packet when it
receivesa"G" command.

Command Continuous Mode

Character(s) Sent C

Response Data Packets

Description Changes data output mode to Continuous Mode.

DMU will immediately start to output data
packets in continuous mode. Datarate will
depend on the measurement type the DMU is
implementing (Raw, Scaled or Angle). Sending
a"G" will return DMU to Polled Mode.

Command Request Data

Character (s) Sent G

Response Data Packet

Description "G" requests asingle data packet. DMU will

respond with a data packet. The format of the
data packet will change with the measurement
mode (Raw, Scaled or Angle). Sending the

SUNSTAR : =1 - = : = = :575520@163. com
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Description

Command
Character(s) Sent
Response
Description

Command
Character(s) Sent
Response
Description
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DMU a"G" whileit isin Continuous Mode will
place the DMU in Polled Mode.

Query DMU Version
%
ASCII string

This queriesthe DMU firmware and will tell you
the DMU type and firmware version. The
response isan ASCII string that describes the
DMU type and firmware version.

Query Serial Number
S
Serial Number Packet

This queriesthe DMU for its serial number. The
DMU will respond with a serial number data
packet that consists of a header byte (FF), the
serial number in 4 bytes, and a checksum byte.
The serial number bytes should be interpreted as
a32-bit unsigned integer. For example, the seria
number 9911750 would be sent as the four bytes
0097 3D C6.

Request Auto Baud Rate
b

This starts the auto baud rate detection process.
Thiswill allow you to change the DMU baud rate
fromitsdefault. Thischangewill not affect the
default settings.

1. Start with communications program and
DMU at same baud rate.

2. Send"b"tothe DMU. The DMU will
respond with “B”.

3. Change the baud rate of your
communications program.

4. Send"a'totheDMU. The DMU will

Page 13
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respond with "A" at the new baud rate
when a successful detection of the new
baud rate is completed.

3.6 Data Packet Format

In general, the digital data representing each measurement is sent as a 16-bit
number (two bytes). The datais sent MSB first then LSB.

In voltage mode, the datais sent as unsigned integers to represent the range
0-5V.
In scaled and angle mode, the data generally represents a quantity that can

be positive or negative. These numbers are sent as a 16-bit signed integer in
2'scomplement format. The datais sent astwo bytes, MSB first then LSB.

In scaled and angle mode, the timer information and temperature sensor
voltage are sent as unsigned integers.

The order of data sent will depend on the selected operating mode of the
AHRS.

Each data packet will begin with a header byte (255) and end with a
checksum. The checksum is calculated in the following manner:

1. Sumall packet contentsexcept header and checksum.
2. Dividethe sum by 256.
3.  Theremainder should equal the checksum.

« NOTE

The header byte FF will likely not be the only FF bytein the data packet.

Y ou must count the bytes received at your serial port and use the checksum
to ensure you are in sync with the data sent by the DMU. Thisisespecially
critical when using the continuous data packet output mode.

Table 4 shows the data packet format for each mode.

SUNSTAR : =1 - = : = = :575520@163. com
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Table4. AHRSA00 Series Data Packet Format
Byte | VG Mode Scaled Sensor Mode Voltage Mode
0 Header (255) Header (255) Header (255)
1 Roll Angle (MSB) Roll Angular Rate (MSB) Roll Gyro Voltage (MSB)
2 Roll Angle (LSB) Roll Angular Rate (LSB) Roll Gyro Voltage (LSB)
3 Pitch Angle (MSB) Pitch Angular Rate (MSB) Pitch Gyro Voltage (MSB)
4 Pitch Angle (LSB) Pitch Angular Rate (LSB) Pitch Gyro Voltage (LSB)
5 Heading Angle (MSB) Yaw Angular Rate (MSB) Yaw Gyro Voltage (MSB)
6 Heading Angle (LSB) Yaw Angular Rate (LSB) Yaw Gyro Voltage (LSB)
7 Roll Angular Rate (MSB) X-Axis Acceleration (MSB) | X-Axis Accel Voltage (MSB)
8 Roll Angular Rate (LSB) X-Axis Acceleration (LSB) | X-Axis Accel Voltage (LSB)
9 Pitch Angular Rate (MSB) Y-Axis Acceleration (MSB) | Y-Axis Accel Voltage (MSB)
10 Pitch Angular Rate (LSB) Y-Axis Acceleration (LSB) | Y-Axis Accel Voltage (LSB)
11 | Yaw Angular Rate (MSB) Z-Axis Acceleration (MSB) | Z-Axis Accel Voltage (MSB)
12 Yaw Angular Rate (LSB) Z-Axis Acceleration (LSB) | Z-Axis Accel Voltage (LSB)
13 X-Axis Acceleration (MSB) | X-Axis Magnetic Field (MSB) | X-Axis Mag Voltage (MSB)
14 X-Axis Acceleration (LSB) X-Axis Magnetic Field (LSB) | X-Axis Mag Voltage (LSB)
15 | Y-Axis Acceleration (MSB) | Y-Axis Magnetic Field (MSB) | Y-Axis Mag Voltage (MSB)
16 Y-Axis Acceleration (LSB) Y-Axis Magnetic Field (LSB) | Y-Axis Mag Voltage (LSB)
17 | Z-Axis Acceleration (MSB) | Z-Axis Magnetic Field (MSB) | Z-Axis Mag Voltage (MSB)
18 | Z-Axis Acceleration (LSB) Z-Axis Magnetic Field (LSB) | Z-Axis Mag Voltage (LSB)
19 | X-Axis Magnetic Field (MSB) | Temp Sensor Voltage (MSB) | Temp Sensor Voltage (MSB)
20 | X-Axis Magnetic Field (LSB) | Temp Sensor Voltage (LSB) | Temp Sensor Voltage (LSB)
21 | Y-Axis Magnetic Field (MSB) | Time (MSB) Time (MSB)
22 | Y-Axis Magnetic Field (LSB) [ Time (LSB) Time (LSB)
23 | Z-Axis Magnetic Field (MSB) | Checksum Checksum
24 | Z-Axis Magnetic Field (LSB)
25 | Temp Sensor Voltage (MSB)
26 | Temp Sensor Voltage (LSB)
27 | Time (MSB)
28 | Time (LSB)
29 Checksum
SUNSTAR = = =
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3.7 Timing
The maximum AHRS data update rate is 70 sampl es per second.

In some applications, using the DM U’ s digital output requires a precise
understanding of the internal timing of the device. The processor internal to
the DMU runsin aloop - collecting data from the sensors, processing the
data, and then collecting more data. The datais reported to the user through
aparallel process. In continuous mode, the system processor activity is
repeatable and accurate timing information can be derived based purely on
the overall loop rate.

The unit goes through three processesin one data cycle. First, the sensors
are sampled. Second, the unit processes the data for output. After
processing the data, the DMU will make another measurement while
presenting the current measurement for output. Third, the unit actually
transfers the data out; either over the RS-232 port, or onto the analog
outputs.

In the case of the anal og output, the datais presented immediately on the
analog output pins after the data processing step isover. Inthe case of the
digital data, the dataistransferred only if the previous data packet is
cleared. The DMU continues to take data, so that in practice, roughly every
third measurement will be available over the RS-232 interface.

A timetag is attached to each data packet. Thetimetagissimply the value
of afreerunning counter at the time the A/D channels are sampled. The
clock counts down from 65535 to 0, and asingle tick correspondsto 0.79
microseconds. Thetimer rolls over approximately every 50 milliseconds.

Y ou can use this value to track relative sampling time between data packets,
and correlate thiswith external timing.

3.8 Temperature Sensor

The DMU has an onboard temperature sensor. The temperature sensor is
used to monitor the internal temperature of the DMU to allow for
temperature calibration of the sensors. The temperature sensor is specified
to be within + 2% accurate over the DM U operating temperature range.
The DMU reads and outputs the temperature sensor voltage with 12-bit
precision.

The DMU will output the temperature sensor voltage in the digital data
packet scaled asfollows:

Viemp (V) = data * 5/4096

where datais the 16-bit unsigned integer sent as the temperature
information in the data packet. (The DMU usestwo full bytesto express
the data, but itisreally scaled to 12 hits.)

SUNSTAR —_http://www sensar-ic.com/ TEL: 0755-83376489 FAX:-(0755-83376182 E-MAIl :s75s20@163.com
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Calculate the temperature with the following calibration:
T(°C)=444(°CN) * (Viemp (V) — L37BYV)
The DMU temperature sensor isinternal to the DMU, and is not intended to

measure the ambient temperature. Theinternal temperature of the DMU
may be as much as 15°C higher than the ambient temperature.

3.9 Analog Output

The AHRS400 Series of products provide nine fully conditioned analog
outputs; of these, six are output voltages created by aDAC inthe DMU.
The analog signals can be connected directly to an ADC or other data
acquisition device without further buffering. Theinput impedance of any
data acquisition device should be greater than 10 kW for the DA C outputs
and relatively higher impedance for raw analog outputs. The circuit diagram
for the raw accelerometer outputs (Pin 5, 6 and 7) is shown below:

Al 1RO Pin 5, 6,7
Chutpat _M_T__.

_I_||||

The DMU must be set to scaled sensor measurement mode or angle
measurement mode to enable the analog signals.

The analog outputs from the accelerometers are taken directly from the
sensor through abuffer. They are “raw” in the sense that they do not
represent a calculated or calibrated value. Y ou will need the zero bias point
and scale factor given on the DMU calibration sheet to turn the analog
voltage into an acceleration measurement.

Tofind the acceleration in G’s, use the following conversion:

accel (G) = (Vout (V) — bias (V))* sensitivity (GV)
where accel isthe actual acceleration measured, V. isthe voltage at the
analog output, bias isthe zero-G hias voltage, and sensitivity isthe scale
factor in units G/volts. Thisappliesonly to the signalson pins5, 6, and 7.

For example, if the x-axis of your accelerometer has a zero-G bias of 2.512
V, asensitivity of 1.01 G/V, and you measure 2.632 V at the analog outpuit,
the actual accelerationis (2.632V —2512V)*1.01G/V =0121G.

The analog outputs for the angul ar rate signals are not taken directly from
the rate sensors; they are created by a D/A converter internal to the DMU.
The output range is + 4.096V with 12-bit resolution. The analog data will
represent the actual measured quantities, in engineering units, not the actual

SUNSTAR ©163.com
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voltage at the sensor output. To convert the analog output to a sensor value
use the following relation:

rate = AR *1.5* Voy (V) / 4096 V

whererate is the actual measured rate in units®/s, AR isthe angular rate
range of the sensor and V,; is the measured voltage at the anal og output.

For example, if your DMU has a+100 °/s rate sensor, and the anal og output
for that sensor is—1.50 V, the value of the measurement is 100 (°/s)* 1.5* (-
1.50)/4.096 = -54.9 °/s.

In scaled measurement mode, pins 12 — 14 represent the magnetic vector
measured by the DMU. To convert the voltage to magnetic field in Gauss,
use the following relation:

mag = MR *1.5* Vg (V) /4096 V
where mag is the magnetic field measured along that axis, MR is the

magnetometer range, and Vo isthe voltage measured at the analog output.
MR is1.25 for the AHRS.

In angle mode, the AHRS outputs the pitch, roll, and yaw angles on pins 12
- 14. The analog outputs are created by the D/A. The voltage output will
beintherange+ 4.096 V. The output is scaled so that full scaleis 180° for
both roll and yaw. Pitch is scaled so that full scaleis90°. To convert the
voltage to an actual angle, use the following conversion:

angle=FA * Vou (V) / 4006 V

where angle isthe actual pitch, roll or yaw angle in degrees, FA isthefull-
scale angle, and V,; isthe analog voltage measured. FA is180° for roll
and yaw; FA is90 for pitch.

3.10 Magnetic Heading

Magnetic north is the direction toward the magnetic north pole; true north is
the direction towards the true North Pole.

The AHRS yaw angle output is referenced to magnetic north. The direction
of true north will vary from magnetic north depending on your position on
the earth. The difference between true and magnetic north is called
declination or magnetic variance. Y ou will need to know your declination
to translate the AHRS magnetic heading into a heading referenced to true
north.
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4 AHRS Operating Tips

4.1 Mounting the AHRS

The AHRS should be mounted as close to the center of gravity (CG) of your
system aspossible. Thiswill minimize any “lever effect.” If itisnot
mounted at the center of gravity, then rotations around the center of gravity
will cause the DMU accel erometers to measure an acceleration proportional
to the product of the angular rate squared and the distance between the
DMU and the CG.

The DMU will measure rotations around the axes of its sensors. The DMU
sensors are aligned with the DMU case. The sides of the DMU case are
used as reference surfaces for aligning the DMU sensor axes with your
system. Y ou should align the DMU caseas closely as possible with the
axes you definein your system. Errorsin alignment will contribute directly
to errorsin measured accel eration and rotation relative to your system axes.

The DMU should beisolated from vibration if possible. Vibration will

make the accelerometer readings noisy and can, therefore, affect the angle
calculations. Inaddition, if the magnitude of the vibration exceeds the
range of the accelerometer, the accelerometer output can saturate. This can
cause errorsin the accelerometer output.

The AHRS$400 Series should be isolated from magnetic material as much as
possible. Magnetic material will distort the magnetic field near the AHRS,
which will greatly affect its accuracy as a heading sensor. Because the
DMU isusing Earth's weak magnetic field to measure heading, even small
amounts of magnetic material near the sensor can have large effects on the
heading measurement.

"Bad" materials include anything that will stick to a magnet: iron, carbon
steel, some stainless steels, nickel and cobalt. Use a magnet to test
materialsthat will be near the AHRS. If you discover something near the
DMU that is magnetic, attempt to replace it with something made from a
non-magnetic material. If you cannot change the material, moveit asfar as
possible from the DMU. Even small things, such as screws and washers,
can have a negative effect on the AHRS performance if they are close.
AHRS can correct for the effect of these magnetic fields by using hard and
soft iron calibration routine asexplained in Appendix C.

"Good" materialsinclude brass, plastic, titanium, wood, and some stainless
steels. Again, if in doubt, try to stick amagnet on the material. If the
magnet doesn't stick, you are using agood material.

DO NOT try to stick amagnet to the AHRS. We have removed as much
magnetic material as possible from the unit, but we could not make the unit

SUNSTAR ©163.com

Doc# 7430-0004-01 Rev. A Page 19



Cmssl;mw . AHRS400 Series User’s Manual
UNSTAR -//www.sensor-ic.com/ TEL:0755-83376549 FAX:0755-83376182 E-MAIL:szss200163.c0

completely non-magnetic. Y ou can permanently magnetize ("perm up")
componentsin the AHRS if you expose the unit to alarge magnetic field.

Y ou can use a demagnetizer (tape eraser) to demagnetize the DMU if it gets
“permed.” Follow theinstructions for your demagnetizer.

The DMU caseis not weatherproof. Y ou should protect the DMU from
moisture and dust.

M EXAMPLE

4.2 AHRS Start Up Procedure
As an example, look at how the DMU might be used on an airplane.
Assume AHRS is mounted on asmall twin-prop plane and will be used to
record the plane's attitude during flight. Flightswill be 2 — 6 hourslong.
The AHRS is mounted near the CG of the plane, and is connected to a
laptop serial port during flight.
1. Turnon power tothe DMU and let it warm up 5— 10 minutes.
Power can be on to all electronics, but the engines should be
off.
2. Start the engines.
3. Perform hard iron and soft iron calibration routines (Appendix
0.
4. Start datacollection.
5. Proceed with flight.

SUNSTAR : =1 - = : = = :575520@163. com
Page 20 Doc# 7430-0004-01 Rev. A



AHRS400 Series User’'s Manual
UNSTAR http- /7w, sensor-1c.con/ TEL :0755-83376549 FAX:0755—8337695‘%%%%520@163.co

5 Appendix A. Mechanical Specifications

5.1 AHRS400CA Outline Drawing
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5.2  AHRS400CB Outline Drawing
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5.3 AHRS400CC Outline Drawing

L 300 in N
7.82 om |

&
roll AHRS
Gormectar-ske View

pétch z

410 m
1041 cm
yaw |
oY ——
Z 1.2Z in
310 em
oigin X M Il |
D28 cm T
AT n
9.53om
n2sin At
BB em —— ',-Q- @q\'
AHAS
Tap View
X
200 in
762 cm
-
¥
i
.15 in
0.48 cim
Kd B
019 in | I
0.48 em -"I

SUNSTAR

: =1 u = ' = = ' 0163.com
Doc# 7430-0004-01 Rev. A Page 23



Cmssl;mw . AHRS400 Series User’s Manual
UNSTAR -//www.sensor-ic.com/ TEL:0755-83376549 FAX:0755-83376182 E-MAIL:szss200163.c0

6 Appendix B. AHRS Output Quick Reference

GR isthe G-range of the accelerometers. For example, if your DMU has =
2 G accelerometers, GR = 2.

RR istherate range of the rate sensors. For example, if your DMU has +
100°/s rate sensors, RR = 100.

6.1 Analog Output Conversion
Accelerometer

Use sensitivity, offset from Rate Sensor
calibration sheet. Output israw Rate (°/s) =

sensor voltage. Vout (V) * RR * 1.5/4.096

Pin5 X axisaccelerometer, raw Pin8  Roll rate sensor
Pin6 Y axisaccelerometer, raw Pin9 Pitch rate sensor
Pin7  Z axisaccelerometer, raw Pin10 Yaw rate sensor

Magnetometer (Scaled Mode)

SUNSTAR

Mag (Gauss) =

Vout (V) * 1.25* 1.5/4.096
Pin12 X axis magnetometer
Pin13 Y axsmagnetometer
Pin14 Z axis magnetometer

6.2

Digital Output Conversion

Roll, Pitch, Yaw (Angle Mode)
Angle (°) =Vout (V) * FA/4.096
Pin12 Roll Angle FA =180
Pin13 PitchAngle FA=90

Pin14 Yawangle FA =180

Datais sent as 16-bit signed integer for all but Temperature. Temperature

sensor datais sent as unsigned integer.

Acceleration
Accel (G) = data* GR * 1.5/2*°

Rate
Rate (°/s) = data* RR * 1.5/2'°

Temperature

Temperature (°C) =
[(data* 5/4096)— 1.375]*44.44

Page 24

Roll, Pitch, Yaw (Angle Mode)
Angle (°) = data* 180/2°

Magnetic Field

Mag (Gauss) = data* 1.25* 1.5/2"°
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7 Appendix C. Hard and Soft Iron Calibration

7.1 Description

The AHRSA400 Series of products use magnetic sensors to compute heading.
Ideally, the magnetic sensors would be measuring only earth's magnetic
field to compute the heading angle. Inthereal world, however, residual
magnetism in the AHRS itself and in your system will add to the magnetic
field measured by the AHRS. This extramagnetic field will create errorsin
the heading measurement if they are not accounted for. These extra
magnetic fields are called hard iron magnetic fields. In addition, magnetic
material can change the direction of the magnetic field as afunction of the
input magnetic field. This dependence of the local magnetic field on input
direction is called the soft iron effect. The AHRS can actually measure any
extra constant magnetic field that is associated with the AHRS or your
system and correct for it. The AHRS can aso make a correction for some
soft iron effects. The process of measuring these non-ideal effects and
correcting for them is called hard iron and soft iron calibration. Calibration
will help correct for magnetic fields that are fixed with respect to the
AHRS. It cannot help for time varying fields, or fields created by parts that
move with respect to the AHRS.

The AHRS accounts for the extra magnetic field by making a series of
measurements. The AHRS uses these measurements to model the hard iron
and soft iron environment in your system. The correction algorithm is two-
dimensional. Y ou start the magnetic calibration by sending the "s"
command. The AHRSwill use all subsequent measurementsto model the
magnetic environment. Y ou should make at |east one complete turn, with
your system basically level. For example, in an airplane, do acircle onthe
taxiway. Multiple turnswill slightly improve the estimates, but more than 3
turnsisusually not helpful. At the end of thistime, send the"u" command
to end the magnetic calibration process. The AHRS will calculate the hard
iron magnetic fields and soft iron corrections and store these as calibration
constants in the EEPROM.

To clear the hard iron calibration constants, send the “h” command. The
AHRS will set the hard iron offset correctionsto zero. To clear the soft iron
calibration constants, send the "t" command. The AHRS will set the soft
iron correction parametersto zero. Thisis useful to see the performance of
the bare AHRS in your system.

For best accuracy, you should do the calibration process with the AHRS
installed in your system. If you do the calibration process with the AHRS
by itself, you will only correct for the magnetism in the AHRS itself. If you
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then install the AHRS in avehicle (for instance), and the vehicleis
magnetic, you will still see errors arising from the magnetism of the vehicle.

7.2 Command List

Command Start Soft Iron Calibration

Character(s) Sent S

Response S

Description This command starts the soft iron calibration.

The AHRS will remain in calibration mode until
it receivesthe"u" command. Whilein
calibration mode, the AHRS should be rotated
through at least one complete turn (360° of
rotation) with the system basically level.

Command End Soft Iron Calibration

Character(s) Sent u

Response U

Description This command ends the soft iron calibration

process. The AHRS will store the soft iron
calibration constantsin its EEPROM. The
calibration constants will be applied to all
subsequent magnetic measurements.

Command Clear Hard Iron Calibration

Character (s) Sent h

Response H

Description This command clears the hard iron calibration

constants stored in the AHRS EEPROM. The
calibration constants will be set to zero.

Command Clear Soft Iron Calibration

Character(s) Sent t

Response T

Description This command clears the soft iron calibration

constants stored in the AHRS EEPROM. The
calibration constants will be set to zero.
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8 Appendix D. AHRS Command Quick Reference

Command -
(ASCII) Response | Description
R H Reset: Resets the DMU firmware to default operating
mode of Voltage Mode and Polled operation.
r R Change to Voltage Mode.
c C Change to Scaled Sensor Mode.
a A Change to Angle Mode (VG Mode).
P None Change to polled mode. Data packets sent when a G
is received by the DMU.
C None Change to continuous data transmit mode. Data
packets streamed continuously. Packet rate is
dependent on operating mode. Sending "G" stops
data transmission.
G Data Get Data. Requests a packet of data from the DMU.
Packet Data format depends on operating mode.

S ASCII Query DMU serial number. Returns serial number as
String 32-bit binary number.

\Y ASCII Query DMU version ID string. Returns ASCII string.
String

b Change Autobaud detection. Send "b"; DMU will respond “B”;
baud rate change baud rate; send "a"; DMU will send "A" when

new baud rate is detected.

S S Start Soft iron calibration. DMU should be rotated
through at least one complete turn (360° of rotation)
with the system basically level.

u U End Soft iron calibration. Calibration is saved in
EEPROM.

h H Clear hard iron calibration.

t T Clear Soft Iron Calibration
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9 Appendix E. Warranty and Support
Information

9.1 Customer Service

As aCrossbow Technology customer you have access to product support
services which include:

Single-point return service

Web-based support service

Same day troubleshooting assistance
Worldwide Crosshow representation

Onsite and factory training available
Preventative maintenance and repair programs
Installation assistance available

9.2 Contact Directory
United States:  Phone: 1-408-965-3300 (7 AM to 7 PM PST)
Fax: 1-408-324-4840 (24 hours)
Email:  techsupport@xbow.com
Non-U.S.:  refertowebsite www.xbow.com

9.3 Return Procedure

9.3.1 Authorization

Before returning any equipment, please contact Crossbow to obtain a
Returned Material Authorization number (RMA).

Be ready to provide the following information when requesting aRMA:
Name
Address
Telephone, Fax, Email
Equipment Model Number
Equipment Serial Number
Installation Date
Failure Date
Fault Description
Will it connect to GyroView?
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9.3.2 Identification and Protection

If the equipment isto be shipped to Crossbow for service or repair, please
attach atag TO THE EQUIPMENT, aswell as the shipping container(s),
identifying the owner. Also indicate the service or repair required, the
problems encountered, and other information considered valuable to the
service facility such asthelist of information provided to request the RMA
number.

Place the equipment in the original shipping container(s), making sure there
is adequate packing around all sides of the equipment. If the original
shipping containers were discarded, use heavy boxes with adequate padding
and protection.

9.3.3 Sealing the Container

Seal the shipping container(s) with heavy tape or metal bands strong enough
to handle the weight of the equipment and the container.

9.3.4 Marking

Please writethewords, “FRAGILE, DELICATE INSTRUMENT” in
several places on the outside of the shipping container(s). Inall
correspondence, please refer to the equipment by the model number, the
serial number, and the RMA number.

9.3.5 Return Shipping Address
Use the following address for all returned products:

Crossbow Technology, Inc.
41 E. Daggett Drive
San Jose, CA 95134
Attn; RMA Number (XXXXXX)

9.4 Warranty
The Crossbow product warranty is one year from date of shipment.
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Crossbﬁw

Crossbow Technology, Inc.
41 E. Daggett Drive

San Jose, CA 95134
Phone: 408.965.3300

Fax: 408.324.4840

Email: info@xbow.com
Website: www.xbow.com
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