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1.2 1EHEEHAlI=w F 440 ) —XDBE

440 440
440 MEMS (Micro-Electromechanical Systems) DSP
2 440

IMU440 6

VG440 6 /

AHRS440 6 3

/
NAV440 6 3
GPS
VGS440 6 GPS
GPS
440 MEMS Memsic/Crossbow 10
440 3 3 6
440
MEMS
Crossbow
6 MEMS DSP
2 GPS
Extended Kalman Filter EKF
150MHz 32bitDSP 4
440
440
440 EMI
440 RS232 BIT
440 NAV-VIEW2.0 PC
99% °
1-(Cos 1° ) = 0.00015 0
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1.31 2=y FDYH I REF

440 400 IMU400 VG400 AHRS400 NAV420
AHRS440 AHRS400 IMU420 VG420 VSG440 IMU400
VG400 AHRS400 NAV440 NAV420
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1.3.2 IROXEHHDEBEEE. EiF

440 DBI5 400 420 NAV440
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1.3.3 YIZhroz 7HEHEE
440 Crossbow 7

440 400 420

1.3.4 BIfEMHEEL G E
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2. EH

21 EH
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15 Pin "D" Connector Male Pinout

®, 0,0, 0,00, 0, 0;
® 6,0,0,0,0,0;

3

3
5

Signal

RS232 #{ET—4%
RS232 BfET—4%
BR  (+Vco)
TR GND
Chassis GND
NC—IiE{ERADH
RS—232 GPS %
RS—232 GPS #%f
Signal GND
1PPS HHh
NC—IEFERDH
NC—IHFERDH
NC—IHFERDH
NC—IHFERDH
NC—TIiE{ERADH
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>
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440 3 4 GND 3 DC9
42V 440
DB-9
GND
<EE>
24 7—X GND
DB-15 5 GND
5
GND
25 VYFLT—BAL4UE8—Tx(4R
RS-232 9600 19200 38400 57600
8 1 1
PC
DMU to USER
26 VYTFILGPSAUA—TJxA4 R (VGS440 & NAV440)
GPS NMEA-0183
DMU to GPS NMEA 1997 1 1
ver2.20 9600 8
1 GPS 4
( )
4 GPS

NMEA Record

GGA GPS

RMC

VTG
2.7 588 GPS AJ71 (VG440 & AHRS440)

VG440/AHRS440 GPS GPS
GPS GPS
GPS
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NMEA
NMEA
VG440/AHRS440 GPS
Ublox binary NAV-LLH, NAV-VELNED, 4 Hz 9600, 19200, 28800,
NAV-STATUS 37600, 57600

NovAtel OEM4 | BestPosB, BestVelB 4Hz 57600
Binary

NovAtel OEM4 | PosVelNavDopA 4Hz 57600

ASCII

NMEA* GPGGA, GPVTG 4Hz 57600

* GPS 8

28 N—Foz7BECEE (BIT) T5—HAH

BIT masterFail
hardwareError, comError, softwareError
AND BIT masterFail
1k 10kQ
LOW

29 PPS ANA 22— x4 R (IMU440, VG440 & AHRS440)
1PPS 1Hz

0.0 02V Lo 3.0 5.0V Hi 1
100mS

10mS PPS
hardwareStatus — unlocked1PPS

210 PPS A4 > % —7 2 4 A(VG440 & NAV440)

1PPS 1 10kQ 440
GPS  IPPS 100Hz 1PPS
GPS
10ms 1PPS 10 IPPS OUT
3 IPPS OUT
1PPS 23.104MHz 43ns
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1 1PPS

/- GPS 8:30:00

g

TIMEPULSE
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/- GP$ 8:30:01

100 ms

1000 ms

A

2.11 GPS 7 > 77 #&#k (VGS440 & NAV440)

\/

GPS GPS
TTFF
RF
NAV440 DB-15 SMA
<EE>
212 RiEHE >
213 FELERAE
DB-9 COM 5
5 DB-9 COM Port
COM Port Connector 440 Series Connector
Ey |E5 Ey |SIEES
# #
2 RxD 1 TxD
3 TxD 2 RxD
5 GND 9 GND
440 3 4 4 GND 3 9 42VDC
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3. NAVVIEW2X DA VA =L EFRAL—2a Yy

440 NAV-VIEW2.X

3.1 NAV-VIEW OEEIREL Y Ea1—4 &4
NAV-VIEW2.0

CPU 1.5GHz
RAM 500MB 1GB+

20MB

Windows2000 XP

3.1.1 NAV-VIEW D4 >X F—/L
NAV-VIEW
1 CD* 440 Series Inertial System” CD-ROM
2 NAV-VIEW2.X
3 NAV-VIEW 2.X .NET 2.0 framework

3.2 &
440
1 15 DMU440 440

2 9 ( DMU440 to User

3 440
A% 42V , 9V 350mA

4 440 60
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<EE>
440
3.3 NAV-VIEW DOty k7 v T
440
1 NAV-VIEW
2 NAV-VIEW COM
" Sempﬂ
“ Auto: match baud rate”
3 STATUS
440
4 “ View”

3.4 F—ADRZIZDOT

Crossbow Japan Ltd.

NAV-VIEW
440
440
STATUS
PC
440

NAV-VIEW2.X
1 e File “Log to File”
2.
Z Log to File
Log File:
" Browss ...
Log Type Logging Rate
™+ Enginerring Data {+ Fractional Rate & Ful Sample Rate
" Hex Data

(" Raw Packets (Hex)

Test Duration

Days |0 E|2

Seconds |10 El:

o " e
Hoursllo E samplesfsecond |1 3
Minutes |0 Eli " secondsssample  |q 3:

" 12 sample Rate
" 4/4 Sample Rate
" 1/10 sample Rate
14100 Sample Rate

Cancel | oK

3. “Browse”
4.

Engineering Data”

sales@xbow.jp -9-
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“ Hex Data” 16

“ Raw Packets (Hex)” 440 16
5. “Test Duration”
6. “Logging Rate”
“ Start Logging ”
| I

35 T—2DBEITONT
NAV-VIEW 2.X

40 1) —X 12— —3I=a 7

1. “Data Source” “Playback Mode”
Data Source: | LIVE Mode (Fram DMLY
LIVE Mode (From DMLY
Plavback Made (From File)
2. Playback mode
“Engineering” “Hex” “Raw” 3
/
VCR Control( )
3. VCR
4. NAV-VIEW -
36 £ETF—42Da>Y—LIZDT
NAV-VIEW 2.X
4‘View3’
440
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£ Baw Data Console

Ts¢ 5555 504b 00 Defd
5555 4750 02 4944 233d
5555 4746 07 0300010003071c 49£9
5555 4750 02 5652 4287
5555 504b 00 Defd
5555 4750 02 4944 233d
5555 4746 07 0300010003071 49£9
5555 4750 02 5652 4287

By 5555 4e30 20 ££45E££fbal00Z0000000Z0000EE21EE£5c01aa0000000000000000000000000000 9£de |
5555 4e30 20 ££45£fhal00zZ0000000Z2EEEfEFZ]1FESc0lae0000000000000000000000000000 00fa i
5555 4e30 20 ££45£fhal00z0000000lEEEfEfZ1fE5c01lae0000000000000000000000000000 afe?

5555 4e30 20 ££45£fbal00z0000000lEEEfEfZ1fE5c01lae0000000000000000000000000000 afe?
5555 4e30 20 ££45£fhal00z0000000lEEEfEfZ1fE5c01lae0000000000000000000000000000 afe?
5555 4e30 20 ££45£fhal00z0000000lEEEfEfZ1fE5c01lae0000000000000000000000000000 afe?
5555 4e30 20 ££45£fhal00z0000000lEEEfEfZ2EfE£5c01lae0000000000000000000000000000 dAde?
5555 4e30 20 ££45£fhal00z00000000EEEfEfZ2fE£5c01lae0000000000000000000000000000 biec
5555 4e30 20 £L£dSLLbal00zZ00000000LLEfffZZE5c01lae0000000000000000000000000000 biec
5555 4e30 20 £LdSLLbbO00Z00000000LLLefLZZCE5c01lae0000000000000000000000000000 2dfc
5555 4e30 20 £LdSLLbbO00LO0000000LLLefLZZEE5c01lae0000000000000000000000000000 aZ58
5555 4e30 20 £LdSLLbbO0O0LO0000000LLLefCZZCE5c01lae0000000000000000000000000000 aZ5a
5555 4e30 20 £L£dSLLbal00l00000000LLEfffZZEE5c01lae0000000000000000000000000000 8746
5555 4e30 20 ££d7L£fbal00l00000000LLfeffZZEE5c0lae0000000000000000000000000000 £9c0
5555 4e30 20 ££47£fbal00l00000000ELEEfEZZEE5c01lae0000000000000000000000000000 Zc3a

=

3.7 KEHEELAVIRARK

NAV/AHRS440 NAV-VIEW
* View” Horizon View”
VG

“ “

CompassView”

HIG = 360 .0
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3.8 Ty MEETERT
“ View” “ Packet Statistics” View CRCFailure

CRCFailure

£ Packet Statistics

Packets Received: 46442
CRC Failures: 0

fwz Packet Rate [Hz): 102.30
Elapzed Time: Q0. 24:23

Reset Done

3.9 /% (Unit Configuration)

“ Unit Configuration”

“General” “Get All Values”
“Unit Configuration” General BIT  Advanced
General
Advanced BIT
Temporary 440 Permanent
Set Values
“ Success”
<EE>
” Fail“
4
<EE>
3

http://www.kasokudo.com -12- sales@xbow.jp



402 1)—X 12— —I=a7I)

5 Unit Configuration

£ Unit Configuration

General l Advanced ] EIT Configuration 1

Field Modify

Baud Rate § i

Current Value Value to Set
E7400 baud JS?éDU baud j

Packet Type ™ |Mawvo

]Nn\m j

Packet Rate L |

Orientation [

100 Hz
X i Zz X T Z
fux <y <fouz -]

‘100 Hz

El

GPS Baud Rate L |

38400 baug [puto baug |
GPS Protocal r Movatel binary j.\\uto detect L]
Get All Walues Set Walues

& Temporary (resst after reboot)

" Permanant (saved after reboot)

Status: Success

Done

3.10 B EICDOINT

NAV-VIEW2.X 440
“ Advanced”
<ESE>
“ Advanced” 440
Unit Configuration
Temporary

Permanent

“

”User Behavior Switches”

Modify”

440

“ Set Values”

sales@xbow.jp
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£ Unit Configuration

General Advanced | BIT Configuration l
Field Modify  Current Value Value to Set
User Behavior Switches [~ i
[ Freely Integrate n
O Use Mags )|
MW LUse GPS B
O Stationary Yaw Lock B
O Restart Over Range 3.
O Dynamic Motion i3
WHard lronBias | [0.00290 |0.00000 =4
YHard lronBias | [0.00128 |0.00000 —_—]
soft Iron Scale Ratio | [0.99997 |0.00000 —_—]
Heading Track Offset [~ |-0.01 |2,00 -‘_—:]
Turn Switch Threshold [~ [0.40 |2.00 =4
Filter 2 dccel [~ (2,00 |2.00 e
Fitter Y aceel [ [2.00 |2.00 e
Filter Rate Sensor [~ [2.00 |2.00 e
Get Al Walues ‘ Set Values ‘
+ Temporary (reset after reboot)
" Permanant (saved after reboot)
Status: Success Done

3.11 BIT &€
3 BIT BIT BIT

BIT
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7 BIT
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£ Unit Configuration

General | Advanced BITCDnﬁgurationl

Field Modify Current Value

Hardware Status Enable |

By enabling a given status BIT, the signal will be included in the
corresponding category BIT and in the master status BIT sent by the DML

Enable / Disable

O Unlocked 1PPS L]
O Unlacked Internal GPS [ |
O Mo DERs [
O Unlocked Espram ..
Software Staus Enable [
O algorithm Initializing L]
[ High Gain [ |
O altitude Only 4l &
O Turn Switch [
Sensor Status Enable [
M Sensor Ower Range |
Comm Status Enable [
[ Mo External GPS ™
Get Al Values Set Values

IS Temporary (reset after reboot)

" Permanant (saved after reboot)

Status: Success

Done

312 HSHIE
<EE>

3.12.1
3121 N—=FF4 72"V T 71T DEE
NAV/AHRS440
NAV/AHRS440 NAV/AHRS440
NAV/AHRS440

sales@xbow.jp -15 -

NAV/AHRS
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NAV/AHRS440

2 EEPROM

NAV/AHRS440

3.12.2 NAV-VIEW 2.X [Z & Bt IEIEE

NAV-VIEW 2.X

1. “Configuration”
2. 2 360 “  Auto-Terminate”

“Mag Alignment”

3.

(Instructions)

Z Magnetometer Alignment

—X 1—¥—3=a7I

Current Settings
¥ Hard Iron Offset Y Hard Iron Offset Soft [ron Ratio

ooz | [ oootze | [ e

120

Performn Mew Alignment

Instructions

\(ﬁ nit

T reT-axis unfil
Hit-l NAV s that t

calib ne.

The operation willfimeout in 120

¥ Feld (Gauss)

Roll: 0.1 Pitch: -0.3 Yaw : -1 erm——

seconds,
] | _ )
4. * 360
*
5.
NAV/AHRS440
XY 0.1
6. “Apply” NAV/AHRS440
3 6 2
3

http://www.kasokudo.com -16 -

“NAV-VIEW

X Y

Soft Iron Ratio  0.95

sales@xbow.jp
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£ Magnetometer Alignment

Mew Settings

# Hard [ron Offzet

Y Hard [ron Offzet

Crossbow Japan Ltd.

EEX

Soft [ran B atio

0.03580 | |

0.33397

Cancel

‘ Apply

<EE>

Ratio >0.95.

I3 EN—%

“Configuration”

“ Read”

sales@xbow.jp

“ Print”

£ Read Unit Configuration

Read I Print... |

“ Print

“Read Configuration’

Preview”

]

8 Read Configuration

Print Preview. .. |

EBX

Unit: 1D

[ Product Configuration

Packet Type
Packet Rate
Baud Rate

—

~ External GPS
GPS Baud

hodel Wersion Firmuware O Contains Mags
| [ O wigorithm Enabled
Serial Mumber Architecture
[ Unit Default Settings Magnetometers

Parameters | value
¥ hard iran offset
¥ hard iron offset

Soft iron ratio

Axes Orientation

GPS Protocal |

User Behawior Switch
O Freely Integrate
O Use ags
O Use GPS
O stationary vaw Lock
[ Restart Over Range
[ Dynamic Mation

Filter Clock Rate
FilterClocks
Filterclock 1
Filterclock2
FilterClocks

| LP CutoffiHz)

Cuskomer Axes | Unit Reference Axes
X
Y
z

O Internal GPS

O External Aiding,

Heading Track Offset
Turn Switch Threshald

Hatduware Status Enable Fislds
O Unlocked 1PPS
[ Unlocked Internal GPS
O Mo DGRS
O Unlocked Eeprom

Software Status Enable Fields
O Algorithm Initializing
O High Gain
O Altitude Only g
[ Turn Switch

“Sensar Status Enable Fields -
O Zensor Over Range

omm Status Enable Fields
O Mo External GRS

-17 -

<0.1

Soft Iron

Crossbow

http://www.kasokudo.com
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4. EHERE
440 IMU440
VG AHRS NAV VGS 6
6 440
IMU440 6 4.1
6 4.1, 4.2
VG440
6 4.1,42,43
AHRS440
6 4.1,42,43,44
3
NAV440
GPS
6 4.1,4.2,4.4,4.5
VGS440 GPS
*
GPS
9 440 440 6
MEMS 440
3 MEMS 3 MEMS
6
- DSP
RS232 NAV440
AHRS440 3 NAV440 VGS440 GPS

http://www.kasokudo.com -18 - sales@xbow.jp
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10

9

440

Cluster

]
XIYIlZ - XY/Z
]
Gyros . Progr bl >
(MEMS) : Low-Pass Filters
]
X/lYlz | XYz
u i .
Accelerometers - Progr >
(MEMS) : Low-Pass Filter
]
Sensor i
]
Temperatures n
]
[ |-
6-DOF Sensor . i
]
u
[

XIYlzZ

Magnetometers
NAV/AHRS only

10

AHRS VGS VG

sales@xbow.jp

16-BIT
AD

High-Speed

Sampling &
DSP

+
Sensor
Compensation
+

Navigation &
Attitude

Kalman Filter

—p| RS-232

A

Power

Conditioning

GPS Receiver

Crossbow Japan Ltd.

Digital Outputs

X 1Y | Z Acceleration

Roll / Pitch / Yaw Rate

X 1Y | Z Magnetic Fields (NAV/AHRS only)
Roll / Pitch / Yaw Angle

Position / Velocity (NAV/VGS only)
Built-In-Test

<« Power Input

»”
(WAAS) <
NAV/VGS only

(Built-In-Test, BIT)

440

-19 -

+9TO +42VDC

GPS Antenna
NAV/VGS only

100Hz

NAV
(EKF)

440

http://www.kasokudo.com
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10 440

40 1) —X 12— —3I=a 7

[]
| ]
Measurement IMU - Scaled Packets VG/AHRS - Angli =
u " gle .
m DataAvailable to (50,51,52) Packets VGS/NA(\:‘ON;‘;)PGCKEQS ]
m User (Fixed Rate All Units (A0,A1,A2) NAVIVGS Onl =
m ©orPolled) NAV/AHRS/VGS/VG/IMU NAV/AHRS/VGSIVG y :
EEEEEEEEEEEEEE g
u " EFEEEEEEEEEEEEER EEEEEEEEER EEEEEEEEER EEEEEEEEEEE"
B 6-DOF Sensor Cluster u /. /. /.
u 5 o EEEEEEEEEE EEEEEEEEEEN EEEEEEEEEEN EEEE
u X 1Y /ZBody u ™ u
u Rates u g 100Hz |
[ ] ] Signal " u
l Sensor " Integration to 100
] ]
. P e Calibration ~ [—P>| Inegrationto i — | Tygiociy, Gps -
- XY Z Body a ¥ ain Axes Rotation rientation Position Output
Accelerometers u
] = ]
] = ]
LI R R RN NN EREE L IIIIIIIIIIIIIIlllfllllllllllllflllll.
EEEEEEEEEEEEENR pgEEEEEEEEEEEEEENEEESEEEEEEEEENEEEEER pi¥EEEEEE
u [] []
L Unit Settings & Profile* u Extended Kalman Filter (EKF) L] = BuiltIn Test ®
] | ]
L] m Drift Correction Module u m &Status u
L] - u m Data u
L] - u m Availabe to u
L] - u m User(Polled =
] ] - ] m  Only) ]
u [ ] Kalman Filter and Dynamic State Model [ ] [ ]
] | ]
] ] - ] - ]
. — ~— -
] ] - ] = ]
] ] - ] - ]
] ] - ] - ]
u [ ] . Hard/Soft Iron Free Integrate UseGPS [ ] . [ ]
u [ ] . Calibration TurnSwitch Stationary Yaw [ ] . [ ]
u [ ] . UseMags Threshold Lock [ ] . ® [ ]
] ] - ] - 5 ]
] | = | = g u
LSRR RN RERRREL) IlllllflllllIllllflllllllllllfllll. - 3 u
]
1 Q
EEEEEEEEENEEEEEEEEEENEEEEEEEEEEEFEEEER 8 u
[ ] [} = =1 u
: Aiding Sensors [ ] : e [ ]
- ] - ]
i ] ]
. vz S et - .
] ]
n NAV/AHRS only c (Interniil NAV/VGS Only a n -
n omputation) a n -
| ] | ]
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE® n u
P -
[R R R RN NEL

10
440

VG

GPS

http://www.kasokudo.com

NAV AHRS VGS VG

VGS GPS

NAV

AHRS

220 -

11
(EKF)

GPS
EKF
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11

, mags= , attitude=

, tilt=

accels=
heading=

, rates=
, correction=

accels, rates, mags,
attitude, velocity, GPS position

(a) NAV Mode

accels, rates,
attitude, velocity, GPS position

track=heading

(¢) VGS Mode

41 440 ) —X BEEEIATA

440 12
(Advanced Settings)
12
12 440
X -
Y -
7 -

sales@xbow.jp -21-

Crossbow Japan Ltd.

, velocity= , position= , track= ,
accels, rates, mags,
attitude

(b) AHRS Mode

accels, rates,
attitude

(d) VG Mode
PC NAV-VIEW2
x
/KC Y
il yaw
z

http://www.kasokudo.com



Crossbow Japan Ltd.

Y

http://www.ngdc.noaa.gov/seg/ WMM/DoDWMM.shtml

40 1) —X 12— —3I=a 7

XY 0G

zZ -1G

http://vldb.gsi.go.jp/sokuchi/magnet/declination.html

-6° -8°
Y X
V4
GPS WGS84 (LLA)
GPS
ECEF ( ) URL
http://www.xbow.com/Support/Support_pdf filessNAV420AppNote.pdf
4.1.1 FHR
440
3
NAV-VIEW2 6-8
4.2 IMU440 Bh{ERE
IMU440 Inertial Measurement Unit
6 IMU440 6
DSP 440 IMU440 RS232
DSP
FIR 100Hz
EEPROM
RS232
(100 50 25 20 10 5 2Hz)
(GP) 1 MU Scaled Sensor Data (Sl
) Delta-Theta, Delta-V ( S2 ) S1
S2 ()
(meter/sec) 6 7
<EE>
S2 SHz

http://www.kasokudo.com

-2
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4.2.1 IMU440 F#Z T

IMUA440 NAV-VIEW2
Configuration > Unit Configuration setting

7 IMU440
Baud Rate | 33,400 9600, 19200, 57600 Packet Rate
baud Packet Rate  100Hz 38400
Packet S1 S1,S2
Type
Packet 100Hz
Rate Quiet GP
Orientation 12 NAV-VIEW2
IMU440
Fail 8.4
Analog 25Hz
Filter 25Hz 3 1
2 XY Z
Z
Z
BIT 422
<3ZF>
440
NAV-VIEW
1Hz
(clock settings) IMU440
4.2.2 IMU440 52 ZEr#sE (BIT)
IMU440  BIT IMU440
BIT BIT 2
TO GP TO
7 TO
BIT LSB (Least Significant Bit)
MSB(Most Significant Bit) Status
masterFail
masterStatus
8 BIT 8

sales@xbow.jp -23- http://www.kasokudo.com
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8 IMU440 BIT
BITstatus Bits Category
masterFail 0 0= ,1= BIT
HardwareError 1 0= , 1= BIT
comError 2 0= ,1= BIT
softwareError 3 0= ,1= BIT
Reserved 4:7
masterStatus 8 0= ,1= , Status
hardwareStatus 9 Disabled Status
comStatus 10 Disabled Status
softwareStatus 11 Disabled Status
sensorStatus 12 0= ,1= , Status
Reserved 13:15
Status BIT BIT
Unit Configuration BIT Configuration
(hardware, software, sensor, comm) 440
IMU440 sensorStatus
440 sensorStatus

4.3 VG440 Eh{EmE

VG440 IMU440 DSP
VG  Vertical Gyro

IMUA440
VG400 VG440
VG440
GPS Integration to Orientation
100Hz IMU440
440
Integration to Orientation
EKF Drift Correction Module
G
EKF
Integration to Orientation VG440
EKF XY
EKF 4
VG440
EKF

http://www.kasokudo.com -24 - sales@xbow.jp
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VG440
turnSwitch turnSwitch
VG440 initialization
60
EKF X
Y
softwareStatus BIT EKF
XY
AR
VG440 RS232 (100 50 25 20 10 5
2Hz) (GP) 1 IMU440 Scaled
Sensor Packet VG440 A2 Angle Packet
MU A0 Al
A0 Al
VG440
B1 B2
7
4.3.1 VG440 #HRE
VG440
9 VG440
Baud Rate | 38,400 | 9600, 19200, 57600 Packet Rate
baud Packet Rate  100Hz 38400
Packet A2 S1,S2,NO,N1
Type
Packet 25Hz
Rate Quiet GP
Orientation 12 NAV-VIEW2
VG440
Fail 8.4
Analog 1
Filter SHz 2 XY z
Z
20Hz Z
421
Freely OFF
Integrate
1 60 VG
2 60
sales@xbow.jp -25- http://www.kasokudo.com



Crossbow Japan Ltd.

40 1) —X 12— —3I=a 7

Restart On | OFF
Over
Range
1
OFF
Dynamic ON OFF
Motion
Turn 10.0 4.3 turnSwitch
Switch deg/sec
threshold
BIT 432
4.3.2 VG440 52 ZHEr##58 (BIT)
VG440 BIT VG440
BIT BIT 2
TO GP TO
7 TO
BIT LSB (Least Significant Bit)
MSB(Most Significant Bit) Status
masterFail
masterStatus
10 BIT 8
10 VG440 BIT
BITstatus Bits Category
masterFail 0 0= , 1= BIT
HardwareError 1 0= , 1= BIT
comError 2 = , 1= BIT
softwareError 3 = ,1= BIT
Reserved 4:7
masterStatus 8 0= , 1= Status
hardwareStatus 9 Disabled Status
comStatus 10 Disabled Status
softwareStatus 11 Disabled Status
sensorStatus 12 0= , 1= Status
Reserved 13:15
Status BIT BIT
Unit Configuration BIT Configuration
(hardware, software, sensor, comm) 440
Status VG440 Z
EFK softwareStatus bit
High turnSwtich ~ softwareStatus bit ~ High
VG440 Z turnSwitch 0.4 deg/sec
http://www.kasokudo.com -26 - sales@xbow.jp
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4.4 AHRS440 EpfF/RE

AHRS440  IMU440 VG440 3 DSP
AHRS  Attitude Heading Reference System
AHRS400 AHRS440

Integration to Orientation
100Hz IMU440 440

Integration to Orientation

EKF Drift Correction Module
G
EKF
Integration to Orientation AHRS440
EKF
XY Z
AHRS440
EKF
AHRS440
turnSwitch turnSwitch
AHRS440
initialization 60
EKF
XY Z
softwareStatus BIT
EKF
XY Z
AR
AHRS440 RS232 (100 50 25 20 10 5
2Hz) (GP) 1 IMU440 VG440
Al Angle Packet
IMU A0 Al
6 7

sales@xbow.jp -27 - http://www.kasokudo.com
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<EE>
AHRS440
3
441 AHRS440 imt>vF+ 1) T L—> 3 2 LHFIEBERE
AHRS440
AHRS
AHRS440
AHRS440 360
NAV-VIEW2 Configuration > Misalignment
AHRS440 EEPROM
AHRS440 BIT masterFail
softwareError AHRS440
softwareError fail(high)
AHRS440 AHRS440
AHRS440 AHRS440
AHRS440 NAV-VIEW2
WwC AHRS440 360
wC 2 360
CC wC
2 1
CcC
XY
7.2 wC CC

4.4.2 AHRS440 ##RE
AHRS440

http://www.kasokudo.com -28 - sales@xbow.jp
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11 AHRS440
Baud Rate | 38,400 | 9600, 19200, 57600 Packet Rate
baud Packet Rate  100Hz 38400
Packet Al S1,S2,A0,A2
Type
Packet 25Hz
Rate Quiet GP
Orientation 12 NAV-VIEW2
AHRS440
Fail 8.4
Analog 3 1
Filter 5Hz 2 XY Z
V4
V4
20z 421

Freely OFF
Integrate

1 60 VG

2 60
Use Mags ON ON
Restart On | OFF
Over
Range

1

OFF
Dynamic ON OFF
Motion
Turn 0.5 43
Switch deg/sec
threshold
BIT 443

sales@xbow.jp -29 - http://www.kasokudo.com
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4.4.3 AHRS440 B2 Z K14 (BIT)

AHRS440 BIT AHRS440
BIT BIT 2
TO GP TO
7 TO
BIT LSB (Least Significant Bit)
MSB(Most Significant Bit) Status
masterFail
masterStatus
12 BIT 8
12 BIT
BITstatus Bits Category
masterFail 0 0= , 1= BIT
HardwareError 1 0= , 1= BIT
comError 2 0= ,1= BIT
softwareError 3 0= ,1= BIT
Reserved 4:7
masterStatus 8 0= , 1= , Status
hardwareStatus 9 Disabled Status
comStatus 10 Disabled Status
softwareStatus 11 Disabled Status
sensorStatus 12 0= ,1= , Status
Reserved 13:15
Status BIT BIT
Unit Configuration BIT Configuration
(hardware, software, sensor, comm) 440
Status AHRS440 Z
EFK softwareStatus bit
High turnSwtich softwareStatus bit
High AHRS440 Z turnSwitch 0.4 deg/sec

http://www.kasokudo.com -30- sales@xbow.jp
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4.5 NAV440 EhfE[RE

Crossbow Japan Ltd.

NAV440 IMU440 VG440 AHRS440 GPS
GPS GPS
3
NAV440 100Hz IMU GPS
GPS 4Hz
IMU Integration to Orientation
NED GPS
GPS
10 Integration to Orientation Integration to Velocity
EKF

DSP 100Hz GPS DSP

GPS UTC

NAV440
initialization 60
EKF
XY Z
softwareStatus BIT
EKF
GPS XY Z
NAV440 RS232 (100 50 25 20 10 5
2Hz) (GP) 1 IMU440 VG440
NAV440 N1 NAV Packet
XYZ IMU
NO

6 7

<EE>
NAV440
3

44.1

<EE>
NAV440 GPS GPS
sales@xbow.jp -31- http://www.kasokudo.com
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451 NAVAO stV F++ 1 TL—2 32 L HFIEBERE
NAV440  AHRS440 44.1

452 NAV440 ##%

NAV440
13 NAV440
Baud Rate | 38,400 | 9600, 19200, 57600 Packet Rate
baud Packet Rate  100Hz 57600
Packet N1 S0,S1,S2,A0,A1,A2,N0O
Type
Packet 25Hz
Rate Quiet GP
Orientation 12 NAV-VIEW2
NAV440
Fail 8.4
Analog 3 1
Filter 5Hz 2 XY z
4
20Hz Z
4.2.1

Freely OFF
Integrate

1 60 VG

2 60
Use GPS ON GPS ON OFF

AHRS440
Stationary | OFF ON
Yaw Lock

UseGPS  ON UseMags  OFF
VGS440
Use Mags ON ON
GPS OFF
GPS GPS
GPS
OFF VGS440

http://www.kasokudo.com -32- sales@xbow.jp
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Restart On | OFF
Over
Range

OFF

Dynamic ON
Motion

OFF

Turn 0.5 43 turnSwitch

Switch deg/sec
threshold

BIT 4.53

4.5.3 NAV440 £ EZK#5E (BIT)

NAV440 BIT NAV440
BIT BIT 2
TO GP TO
7 TO
BIT LSB (Least Significant Bit)
MSB(Most Significant Bit) Status

masterFail

masterStatus
14 BIT 8

14 BIT

BITstatus Bits Category
masterFail 0 0= , 1= BIT
HardwareError 1 0= , 1= BIT
comError 2 = , 1= BIT
softwareError 3 = , 1= BIT
Reserved 4:7
masterStatus 8 0= , 1= Status
hardwareStatus 9 Disabled Status
comStatus 10 Disabled Status
softwareStatus 11 Disabled Status
sensorStatus 12 0= , 1= Status
Reserved 13:15

Status BIT BIT

Unit Configuration BIT Configuration
(hardware, software, sensor, comm) 440
Status GPS
softwareStatus  hardwareStatus
9
sales@xbow.jp -33- http://www.kasokudo.com
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4.6 VGS440 EnfERE

440 V) —X 1—H—7 =27

VGS440 6 MEMS GPS
GPS
VGS GPS
3 3 IMU440
VGS440 100Hz IMU GPS
GPS GPS
4Hz
IMU Integration to Orientation
NED
GPS GPS
10 Integration to Orientation Integration to Velocity
EKF
GPS EKF
GPS
VG UTC
GPS hartwareStatus BIT GPS
40
DSP  100Hz GPS DSP
GPS UTC
VGS440 2 1 initialization
60
EKF X
Y AHRS/NAV440
0.75 2.7 0.0
VGS440
<EE>
GPS headingTrackOffset 8.7
OO
180°  Offset
<EE>
VGS440 GPS
VGS440
VGS440 RS232 (100 50 25 20 10 5
2Hz) (GP) 1 IMU440 VG440
VGS440 N1 NAV Packet
XYZ IMU
NO
6 7
http://www.kasokudo.com -34- sales@xbow.jp
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<EE>
VGS440 GPS VGS440  Yaw
GPS 0.0°
<EE>
VGS440 GPS GPS
4.6.1 VGS440 F#MRTE
VGS440
15 VGS440
Baud Rate | 38,400 | 9600, 19200, 57600 Packet Rate
baud Packet Rate  100Hz 57600
Packet N1 NO, N1,S1,S2,A2
Type
Packet 25Hz
Rate Quiet GP
Orientation 12 NAV-VIEW2
NAV440
Fail 8.4
Analog 1
Filter 5Hz 2 XY Z
4
4
20Hz 42.1

Freely OFF
Integrate

1 60 VG

2 60
Use GPS ON GPS ON OFF

VG440
Stationary | OFF ON
Yaw Lock

UseGPS  ON UseMags  OFF
VGS440

sales@xbow.jp
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Restart On | OFF
Over
Range
1
OFF
Dynamic ON OFF
Motion
Turn 10.0 43 turnSwitch
Switch deg/sec
threshold
BIT 432
4.6.2 VGS440 ECZErt¥EE (BIT)
VGS440  BIT VGS440
BIT 2
TO GP TO
7 TO
BIT LSB (Least Significant Bit)
MSB(Most Significant Bit) Status
masterFail
masterStatus
16 BIT 8
http://www.kasokudo.com -36 - sales@xbow.jp
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16 BIT
BlITstatus Bits Category
masterFail 0 = ,1= BIT
HardwareError 1 = , 1= BIT
comError 2 = ,1= BIT
softwareError 3 = , 1= BIT
Reserved 4:7
masterStatus 8 0= ,1= Status
hardwareStatus 9 Disabled Status
comStatus 10 Disabled Status
softwareStatus 11 Disabled Status
sensorStatus 12 0= ,1= Status
Reserved 13:15
Status BIT
Unit Configuration BIT Configuration
(hardware, software, sensor, comm) 440
Status GPS
softwareStatus  hardwareStatus
9
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40 1) —X 12— —3I=a 7

51 [ZLBHIS
440
52 EERH
17
17
AHRS440 or NAV440
(4 )

UseMags ON ON ON ON
UseGPS ON ON (< 4g) ON ON (<4g)
Freelylntegrate OFF OFF§ OFF OFF (< 2g)
Stationary Yaw OFF OFF OFF OFF

Lock

Restart Over Range ON OFF OFF OFF
Dynamic Motion OFF ON ON ON

Turn Switch

Threshold 0.5 deg/s 0.5 deg/s 0.5 deg/s 0.5 deg/s
XY Filter Accel 5Hz 5Hz 5 Hz* 15 Hz

Z Filter Accel 5 Hz 5Hz 5 Hz* 15 Hz
Filter Rate Sensor 20 Hz 20 Hz 20 Hz* 20 Hz
*

6~8 radian/sec or (about 2 Hz)
§ ON OFF
5.3 EIEREH
18
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18
AHRS440 or NAV440
(
)
UseMags ON ON
UseGPS ON ON (< 4g)
FreelyIntegrate OFF OFF (<2g)
Stationary Yaw Lock OFF OFF
Restart Over Range OFF ON
Dynamic Motion ON ON
Turn Switch Threshold 1.0 deg/s § 30.0 deg/s §
XY Filter Accel 5 Hz* 5Hz
Z Filter Accel 5 Hz* 5Hz
Filter Rate Sensor 20 Hz* 20 Hz
§ Turn Switch
Threshold Turn Switch  Activate
54 EEE—I )L
19
19
VGS440 or NAV440
UseMags ON* ON?®
UseGPS ON ON (<4g)
FreelylIntegrate OFF OFF
Stationary Yaw Lock ON* OFF
Restart Over Range ON OFF
Dynamic Motion ON ON
Turn Switch Threshold 5.0 deg/s 10.0 deg/s
XY Filter Accel 5Hz 5Hz
Z Filter Accel 5Hz 5Hz
Filter Rate Sensor 20 Hz 20 Hz
§
*VGS440

sales@xbow.jp -39 - http://www.kasokudo.com
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55 @EE—I L

20
20
VGS440 or NAV440
UseMags ON? ON*
UseGPS ON OFF
Freelntegrate OFF OFF
Stationary Yaw Lock OFF OFF
Restart Over Range OFF OFF
Dynamic Motion ON ON
Turn Switch Threshold 10 deg/s 5 deg/s
XY Filter Accel 5Hz 2 Hz
Z Filter Accel 5Hz 2 Hz
Filter Rate Sensor 15 Hz 10 Hz
§
<>
13

1. Prelaunch
ii. Takeoff

iii. Climb

iv. Straight and level flight

v. Maneuver

vi. Descent

vii. Landing

http://www.kasokudo.com -40 - sales@xbow.jp
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13
Pre-faunch or
known straight and
fevel un-accelerated
flight
Straight
and level
Normal =
Dynamics / @
Pre-launch or Climb Maneuver
known straight and -
level un-accelerated High
Fiight Launch Lynamics
Prelaunch Takeoff
[] Recommended Advanced Settings
sales@xbow.jp -41 -
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Normal
Dynamics

Descent

Landing
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6. JOUSIVIUHAF

440
NAV-VIEW2.0
ANSI C
D
6.1 —MEERE
RS232 1 8 1
29600 19200 38400 57600

o (word) 2 16

o 0x5555 ASCII “UuU”

[ ]

o CRC 2 CRC

CRC
o 4
62 FonN—2J7+x—3vh

e 0Ox 16

° (‘ 3)

e 10

21 Number Formats
Unsigned= Int=integer Floating Point=
Descriptor Description Size (bytes) Comment Range
Ul Unsigned Char 1 0 to 255
U2 Unsigned Short 2 0 to 65535
U4 Unsigned Int 4 0 to 2732-1
12 Signed Short 2 2’s Complement -2715 to 2"15-1
2% Signed Short 2 Shifted 2’s Shifted to specified
Complement range
14 Signed Int 2’s Complement -2731 to 2"31-1
F4 Floating Point IEEE754 Single -1#27127 to 27127
Precision

SN String N ASCII
http://www.kasokudo.com -42 - sales@xbow.jp
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63 NyybIxr—Tv b
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Ping
<2-byte packet <payload byte- <variable length <2-byte CRC
0x5555 type (U2)> length (U1)> payload> (U2)>
Ping Command CRC
Ping ASCII  UUPK PK
2 CRC { 0 CRC Ping
: 0x5555504B009¢ef4 }.
6.31 /Wy hlAvs
0x5555
6.3.2 Wy RrELT
2
ASCIT 2
P = packet
F = fields
E = EEPROM
EEPROM
R =read
Read
G = get
Get
W = write
Writes
S =set
Set
RAM
6.33 ~NsrOo—FR
0-255 1 <variable
length payload> CRC
6.34 ~NsOo—F
6.3.5 16-bit CRC-CCITT
16-bit CRC-CCITT 0x5555 CRC
16-bit CRC-CCITT
sales@xbow.jp -43 - http://www.kasokudo.com
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Width = 16 bits
Polynomial 0x1021
Initial value = OxFFFF

No XOR performed on the final value.

C

6.3.6 Xytr—HIE

440
ASCII Mnemonics
440
440 Reply NAK
<2-byte packet type (U2)>
Message Table
ASCII <2-byte <payload Description Type Models
Mnemonic packet byte-length
type U2)> | (U1)>
Link Test
PK 0x504B 0 PingCommandand Input/Reply ALL
Response Message
CH 0x4348 N EchoCommand and | Input/Reply CH
Response Message
Interactive
Commands
GP 0x4750 2 Get Packet Request Input Message ALL
AR 0x4152 0 Algorithm Reset Input/Reply VG,VGS,AHRS, NAV
Message
SR 0x5352 0 Software Reset Input/Reply ALL
Message
NAK 0x1515 2 Error Response Reply Message ALL
Calibrate Input/Repl
wC 0x5743 2 Commandand PUvRCPYY AHRS,NAV
Message
Response
cc 0x4343 8 Calibration Reply Message | AHRS,NAV
Completed Py £ i
Output
Messages:
Status & other,
(Polled Only)
1D 0x4944 5+N Identification Data Output Message | ALL
VR 0x5652 5 Version Data Output Message | ALL
TO 0x5430 28 Test 0 (Detailed BIT | Output Message | ALL
and Status)
Output
Messages:
Measurement
Data
(Continuous or
Polled)
S0 0x5330 30 Scaled Sensor 0 Data | Output Message | AHRS, NAV
S1 0x5331 24 Scaled Sensor 1 Data | Output Message | ALL
S2 0x5332 28 Scaled Sensor 2 Data | Output Message | ALL
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A0 0x4130 30 Angle 0 Data Output Message | VG,VGS,AHRS, NAV
Al 0x4131 32 Angle 1 Data Output Message | VG,VGS,AHRS, NAV
A2 0x4132 30 Angle 2 Data Output Message | VG,VGS,AHRS, NAV
NO 0x4E30 32 Nav 0 Data Output Message | VGS,NAV
N1 0x4E31 42 Nav 1 Data Output Message | VGS,NAV
B1 0x4231 18 Short Packet Angle Output Message | VG,VGS,AHRS, NAV
B1 Data
B2 0x4232 10 Short Packed Angle Output Message | VG,VGS,AHRS, NAV
B2 Data
Advanced
Commands
WF 0x5746 numFields*4+ | Write Fields Request | Input Message ALL
1
WF 0x5746 numFields*2+ | Write Fields Reply Message ALL
1 Response
SF 0x5346 numFields*4+ | Set Fields Request Input Message ALL
1
SF 0x5346 numFields*2+ | Set Fields Response Reply ALL
1 Message
RF 0x5246 numFields*2+ | Read Fields Request | Input Message ALL
1
RF 0x5246 numFields*4+ | Read Fields Reply Message ALL
1 Response
GF 0x4746 numFields*2+ | Get Fields Request Input Message ALL
1
GF 0x4746 numFields*4+ | Get Fields Response | Reply Message ALL
1
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7. 440 > )—X L DEELH

71 EERR

7.1.1  Ping Command
Ping (‘PK’ = 0x504B)

0x5555 0x504B - -
Ping Ping
Ping CRC
: 0x5555504B009ef4 0x5555504B)

7.1.2 Ping Response
Ping (‘PK’ = 0x504B)

0x5555 0x504B 0x00 <CRC (U2)>
Ping

7.1.3 Echo Command
Echo (‘CH’ = 0x4348)

0x5555 0x4348 N <echo payload> <CRC (U2)>

Echo Echo
Echo N

7.1.4 Echo Response

EchoPayload
0 echoData0 U1 - - Echo
echoData1 U1 - - Echo 2
U1 - - Echo
N-2 echoData... U1 - - Echo 2
N-1 echoData... U1 - - Echo
7.2 avwvF

440

7.2.1 Get Packet Request
Get Packet (‘GP’ = 0x4750)

0x5555 0x4750 0x02 <GP payload> <CRC (U2)>
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’TO’,’VR’ ’ID’

Crossbow Japan Ltd.

GP Payload

0 requestedPacketType U2

‘GP,

7.2.2 Algorithm Reset Command

Algorithm Reset (‘AR’ = 0x4152)

0x5555 0x4152 0x00

<CRC (U2)>

EEPROM

7.2.3 Algorithm Reset Response

Algorithm Reset (‘AR’ = 0x4152)

0x5555 0x4152 0x00

<CRC (U2)>

7.2.4 Software Reset Command

Software Reset (‘SR’ = 0x5352)

0x5555 0x5352 0x00

<CRC (U2)>

ON/OFF

7.2.5 Software Reset Response

CPU

Software Reset (‘SR’ = 0x5352)

0x5555 0x5352 0x00

<CRC (U2)>

7.2.6 Calibrate Command

Calibrate (‘WC’ = 0x5743)

0x5555 0x5743 0x02

<WC payload>

<CRC (U2)>

DMU

calibrationRequest

wWC

0 calibrationRequest | U2
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0x0009 360 0x000B
0x000B CcC
380
0x000C CcC
OXO00E EEPROM

7.2.7 Calibrate Acknowledgement Response
Calibrate (‘WC’ = 0x5743)

0x5555 0x5743 0x02 <WC payload> <CRC (U2)>
wC
0 calibrationRequest | U2 - -

7.2.8 Calibration Completed Parameters Response
Calibrate Completed (‘CC’ = 0x4343)

0x5555 0x4343 0x08 <CC payload> <CRC (U2)>

calibrationRequest 0x000B

0x000C
cC
0 calibrationRequest | U2 - -
2 xHardlron 12 2/2"° |G X
4 yHardlron 12 2/2"° |G Y
6 softlronScaleRatio U2 2/2'° - XY
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7.2.9 Error Response
Error Response (ASCII NAK, NAK = 0x1515)

0x5555 0x1515 0x02 <NAK payload> <CRC (U2)>
failedInputPacketType

NAK

0 failedIinputPacketType u2 - -

7.3 WA/ v b (Polled)
’GP’

7.3.1 Identification Data Packet
Identification Data (‘ID’ = 0x4944)

0x5555 0x4944 5+N <ID payload> <CRC (U2)>
0x00 8
ASCII
ID
0 serialNumber U4 - -
4 modelString SN - -
4+N 0x00 U1 - - 0

7.3.2 Version Data Packet
Version Data (‘VR’ = 0x5652)

0x5555 0Xx5652 5 <VR payload> <CRC (U2)>

majorVersion

minorVersion
patch level

build
stage 0= 1= 2=a 3=B
buildNumber
buildNumber  stage 0
B “ vwx3y” “ vwx.0.1" v.w.x.0.z
“ v.w.x.0.0”
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VR

0 majorVersion u1 - -

1 minorVersion u1 - -

2 patch U1 - -

3 stage - - - (0= 1=
2=a 3=p )

4 buildNumber U1 - -

7.3.3 Test 0 (Detailed BIT and Status) Packet
Test (‘TO’ = 0x5430)

03.3x5555 0x5430 0x1C <T0 payload> <CRC (U2)>
9

TO

0 BlTstatus uz2 - -

2 hardwareBIT uz2 - -

4 hardwarePowerBIT uz2 - -

6 hardwareEnvironment | U2 - -

alBIT

8 comBIT uz2 - -

10 comSerialABIT uz2 - - A

12 comSerialBBIT uz2 - - B

14 softwareBIT uz2 - -

16 softwareAlgorithmBIT | U2 - -

18 softwareDataBIT u2 - -

20 hardwareStatus uz2 - -

22 comStatus uz2 - -

24 softwareStatus u2 - -

26 sensorStatus u2 - -

7.4 HA/84 v b (Polled or Continuous)

7.4.1 Scaled Sensor Data Packet 0

Scaled Sensor Data (‘S0’ = 0x5330)

0x5555 0x5330 Ox1E <S0 payload> <CRC (U2)>
scaled sensor scaled sensor
1 2 13 MSB
(XaYaZ); (XaYsZ); (XaYsZ); ( XaYaZ)
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630 630 deg/sec[3.5% = 1U]

Crossbow Japan Ltd.

10 10G
1 1 Gauss
100 100
SO
0 xAccel 12 20/2% G X
2 yAccel 12 20/2%" G Y
4 zAccel 12 20/2%" G Z
6 xRate 12 7x 1t /2'° [1260°/2"] | rad/s [’/sec] | X
8 yRate 12 7x 1 /2" [1260°/2'°] | rad/s[°/sec] |Y
10 zRate 12 7x 1 /2" [1260°/2"° | rad/s [*/sec] |z
12 xMag 12 272" Gauss X
14 yMag 12 272" Gauss Y
16 zMag 12 2/2% Gauss z
18 xRateTemp 12 200/2® deg. C X
20 yRateTemp 12 200/2® deg. C Y
22 zRateTemp 12 200/2'"° deg. C Z
24 boardTemp 12 200/2® deg. C CPU
26 GPSITOW U2 Truncated Ms GPSITOW( 2 )
28 BlTstatus U2 - -
7.4.2 Scaled Sensor Data Packet 1 (Default IMU Data )
Scaled Sensor Data (‘S1’ = 0x5331)
0x5555 0x5331 0x18 <S1 payload> <CRC (U2)>
scaled sensor
630 630deg/sec [ 3.5x + 1T ]
10 10G
100 100
S1

0 xAccel 12 20/2' g X
2 yAccel 12 20/2'° g \%
4 zAccel 12 20/2'° g Z
6 xRate 12 7x 1 /2" [1260°/2"°] rad/s [*/sec] X
8 yRate 12 7x 1 /2" [1260°/2'% rad/s [*/sec] Y
10 zRate 12 7x 1 /2" [1260°/2"°] rad/s [*/sec] Z
12 xRateTemp 12 200/ 2 deg. C X
14 yRateTemp 12 200/ 2 deg. C Y
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16 zRateTemp 12 200/2® deg. C z
18 boardTemp 12 200/2® deg. C CPU
20 Counter u2 - packets
22 BlTstatus u2 - -
7.4.3 Scaled Sensor Data Packet 2 (Delta-Theta, Delta-V )
Scaled Sensor Data (‘S2’ = 0x5332)
0x5555 0x5332 0x1C <82 payload> <CRC (U2)>
Poll Poll
630 630deg/sec [ 3.5x + 11 ]
100 100 m/s
S2
0 xDeltaVel 14 200 /2% Amls X A
4 yDeltaVel 14 200 /2% Am/s Y A
8 zDeltaVel 14 200 /2% Am/s Z A
12 | xDeltaAngle 14 7x 10 /2% [1260°/2% Arad [A ] X A
16 | yDeltaAngle 14 7x T /2% [1260°/2% Arad [A°] Y A
20 | zDeltaAngle 14 7x T /2% [1260°/2% Arad [A°] Z A
24 Counter uz2 - packets
26 BlTstatus U2 - -
7.4.4 Angle Data Packet 0
Angle Data (‘A0’ = 0x4130)
0x5555 0x4130 Ox1E <AO0 payload> <CRC (U2)>
216
180 180° T T
630 630deg/sec [ 3.5% £ 1T ]
10 10G
100 100
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A0
0 rollAngle 12 2x 1 /2" [360°/2"9 Radians [°]
2 pitchAngle 12 2x 1t /2" [360°/2" Radians [°]
4 yawAngleMag 12 2x 1t /2" [360°/2" Radians [°]
6 | xRateCorrecte 12 7x 1 /2" [1260°/2"%] rad/s [*/sec] X ( )
d
8 yRateCorrecte 12 7x 0 /2'® [1260°/216] rad/s [°/sec] Y ( )
d
10 | zRateCorrecte 12 7x 1 /2" [1260°/2"%] rad/s [*/sec] z ( )
d
12 | xAccelCorrect 12 20/2" G X ( )
ed
14 | yAccelCorrect 12 20/2" G Y ( )
ed
16 | zAccelCorrect 12 2072 G z ( )
ed
18 | xMag 12 272" Gauss X
20 yMag 12 2/2"° Gauss Y
22 zMag 12 2/2"° Gauss VA
24 | xRateTemp 12 200/2® deg C X
26 | GPSITOW U2 Truncated Ms GPSITOW ( 2
)
28 BlTstatus U2 - -
7.4.5 Angle Data Packet 1 (Default AHRS Data)
Angle Data (‘A1’ = 0x4131)
0x5555 0x4131 0x20 <A1 payload> <CRC (U2)>
216
180 180° T T
630 630deg/sec [ 3.5% + 11 ]
10G
1Gauss
100 100
A1
0 rollAngle 12 2x 1 /2" [360°/2"9 Radians [°]
2 pitchAngle 12 2x 1 /2" [360°/2"9 Radians [°]
4 yawAngleMag 12 2x 1 /2'° [360°/2" Radians [°]
6 | xRateCorrecte 12 7x 1 /2" [1260°/2"%] rad/s [*/sec] X (

sales@xbow.jp

-53-

http://www.kasokudo.com




Crossbow Japan Ltd.

40 1) —X 12— —3I=a 7

d

8 yRateCorrecte 12 7x 1 /2 [1260°/216] rad/s [°/sec] Y ( )
d

10 | zRateCorrecte 12 | 7x m /2" [1260°/2" rad/s [*/sec] | Z ( )
d

12 | xAccel 12 20/ 2" G X

14 | yAccel 12 20/ 2" G Y

16 | zAccel 12 20/2' G z

18 xMag 12 2/2% Gauss X

20 | yMag 12 2/2'° Gauss Y

22 | zMag 12 2/2'° Gauss Z

24 | xRateTemp 12 200/ 2 Deg C X

26 timelTOW U4 1 ms DMU ITOW (sync to GPS)

30 BlTstatus u2 - -

7.4.6 Angle Data Packet 2 (Default VG Data)

Angle Data (‘A2’ = 0x4132)

0x5555 0x4132 Ox1E <A2 payload> <CRC (U2)>

216

180 180° m T
630 630deg/sec [ 3.5x + 1T ]

10 10G
1 1Gauss
100 100
A2
0 | rollAngle 12 | 2xm /2" [360°/2"% Radians [*]
2 | pitchAngle 12 | 2xm /2" [360°/2"% Radians [*]
4 | yawAngleTrue 12 2x 1 /2'° [360°2"%) Radians [] (free)
6 | xRateCorrecte 12 7x 1 /2" [1260°2") rad/s [*/sec] X ( )
d
8 yRateCorrecte 12 7x 1 /2% [1260"/216] rad/s [°/sec] Y ( )
d
10 | zRateCorrecte 12| 7x m 2" [1260°/2"% rad/s [*/sec] | Z ( )
d
12 | xAccel 12 20/ 2" g X
14 | yAccel 12 20/ 2" g Y
16 | zAccel 12 20/2' g Z
18 xRateTemp 12 200/ 2 deg. C X
20 | yRateTemp 12 200/2" deg. C Y
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22 | zRateTemp 12 200/2® deg. C z
24 | timelTOW U4 1 ms DMU ITOW (GPS
)
28 BlTstatus U2 - -
7.4.7 Nav Data Packet 0
Nav Data (‘NO’ = 0x4E30)
0x5555 0x4E30 0x20 <NO payload> <CRC (U2)>
216
180 180° T T
630 630deg/sec [ 3.5% £ 1 |
10 10G
1 1Gauss
100 100
256 256 m/s
100  16284m
180 180° T T
NO
0 rollAngle 12 2x 1 /2"° [360°/2"%] Radians [°]
2 pitchAngle 12 2x 1t /2"° [360°/2'% Radians [°]
4 yawAngleTrue 12 2x 1t /2'° [360°/2"] Radians[’]
6 xRateCorrected 12 7x 11/2" [1260°/2"] rad/s[*/sec] X ( )
8 yRateCorrected 12 7x 11 /2" [1260°/2"% rad/s[°/sec] Y ( )
10 zRateCorrected 12 7x 10/2"° [1260°/2'% | rad/s[*/sec] z ( )
12 nVel 12 512/2'"° m/s
14 eVel 12 512/2'"° m/s
16 dVel 12 512/2'"° m/s
18 longitudeGPS 14 2x 1t/ 2% [360°/2%] Radians[’] GPS
22 latitudeGPS 14 2x 11 /2% [360°/2%) Radians[’] GPS
26 altitudeGPS 12* 2" 2™ M GPS
[-100,16284]
28 GPSITOW U2 truncated ms GPSITOW ( 2
)
30 BlTstatus U2 -
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7.4.8 Nav Data Packet 1 (Default NAV or VGS)

Nav Data (‘N1’ = 0x4E31)

0x5555 0x4E31 0x2A <N1 payload> <CRC (U2)>
216
180 180° T T
630 630deg/sec [ 3.5x + 11 ]
10 10G
1 1Gauss
100 100
256 256 m/s
100 16284m
180 180° m T
N1
0 | rollAngle 12 2x /2" [360°/2'9 Radia []
2 | pitchAngle 12 2x /2% [360°/2'] Radians [°]
4 yawAngleTrue 12 2x 1 /2'"° [360°/216] Radians [°]
6 | xRateCorrected 12 7x 11 /2" [1260°/2"% rad/s [*/sec] X (
8 | yRateCorrected 12 7x 11 /2" [1260°/2"%] rad/s [*/sec] Y (
10 | zRateCorrected 12 7x 11 /2" [1260°/2"] rad/s [*/sec] z (
12 | xAccel 12 20/2'"° g X
14 | yAccel 12 20/2"® g Y
16 | zAccel 12 20/2" g z
18 | nVel 12 512/2'"° m/s
20 | eVel 12 512/2'"° m/s
22 | dvel 12 512/2'"° m/s
24 | longitudeGPS 14 2x 1t/ 2% [360°/2%] Radians [°] GPS
28 | latitudeGPS 14 2x 1t / 2% [360°/2%] Radians [°] GPS
32 | altitudeGPS 12* 2" 2™ M GPS
[-100,16284]
34 xRateTemp 12 200/2M6 deg C X
36 | timelTOW U4 1 ms DMU ITOW (GPS
)
40 BlTstatus U2 - -
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7.4.9 Angle Data Packet B1 (Custom VG Data)

Crossbow Japan Ltd.

Angle Data (‘B1’ = 0x4231)

0x5555 0x4231 0x12 <B1 payload> | <CRC (U2)>

B1
0 rollAngle 12 2x 11/2"° [360°/2"% Radians [°]
2 pitchAngle 12 2x 11/2"° [360°/2"% Radians [°]
4 | yawAngleTrue | 12 2x 11 /2" [360°/2"] Radians [°] ()
6 zRateCorrected | 12 7x 11/2"° [1260°/2'°] | rad/s [*/sec] |Z ( )
8 xAccel 12 20/ 2" g X
10 | yAccel 12 20/2" g Y
12 timelTOW u4 1 ms DMU ITOW (sync

to GPS)

16 BlTstatus uz2 - -

7.4.10 Angle Data Packet B2 (Custom VG Data)

Angle Data (‘B2’ = 0x4232)

0x5555 0x4232 Ox0A <B2 payload> <CRC (U2)>

B2
0 rollAngle 12 | 2x 1t /2" [360°/2"% Radians [°]
2 pitchAngle 12 | 2x 1t /2" [360°/2"% Radians [°]
4 zRateCorrected | 12 | 7x 1 /2" [1260°/2"°] | rad/s [*/sec] | Z ( )
6 xAccel 12 |20/2" g X
8 timelTOWtrunc u2 1 ms DMU ITOW (GPS

ated )

sales@xbow.jp

-57 -

http://www.kasokudo.com




Crossbow Japan Ltd. 440 ) —X 1—H—=I=a 7/

8. ATV FREDFHHM
440
NAV-
VIEW2.0
8.1 Configuration Fields
EEPROM
'RF’ EEPROM "WEF?
EEPROM 'GF’ EEPROM
’SF’ ON/OFF

ID
. 0,1,2,4,5,10, | quiet, 100Hz, 50Hz, 25Hz, 20Hz, 10Hz, 5Hz,
Packet rate divider 0x0001 20,25, 50 4Hz, 2Hz
Unit BAUD rate 0x0002 | 0,1,2,3 9600, 19200, 38400, 57600

Continuous packet type | 0x0003

1338-267
Analog Filter Clock 1 0x0004 [43032 Hi] 85
Cutoff Freq. = 15x €% 28x (value+1)
z
1338-267
Analog Filter Clock 2 0x0005 [43032 Hi] 8
Cutoff Freq. = 15x €% 28x (value+1)
XY
1338-26785 ’
Analog Filter Clock 3 0x0006 [40-2 Hz]
Cutoff Freq. = 15x e’/ 28x (value+1)
Orientation 0x0007
. . GPS
User Behavior Switches | 0x0008 YAW
X Hard Iron Bias 0x0009 12 1 1
Y Hard Iron Bias 0x000A 12 1 1
Soft Iron Scale Ratio 0x000B U2 0 2

Heading Track Offset 0x000C

’SF’
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8.2 Continuous Packet Type Field

6.4
8.3 Analog Filter Clocks 1, 2, 3
3
analogFilterClock1 Ux,Uy XY
analogFilterClock2 Uz Z
analogFilterClock3 Ux,Uy,Uz xX,Y,Z
8.4 Orientation Field
Ux,Uy,Uz
X Y
V4
X Axis Sign 0 0= , 1=
X Axis 1:2 0=Ux,1=Uy,2=Uz3=
Y Axis Sign 3 0= , 1=
Y Axis 4:5 0=Uy, 1=Uz2=Ux,3=
Z Axis Sign 6 0= ,1=
Z Axis 7:8 0=Uz, 1=Ux,2=Uy,3=
Reserved 9:15
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24 NAK /
X Y V4
0x0000 +Ux +Uy +Uz
0x0009 -Ux -Uy +Uz
0x0023 -Uy +Ux +Uz
0x002A +Uy -Ux +Uz
0x0041 -Ux +Uy -Uz
0x0048 +UxX -Uy -Uz
0x0062 +Uy +UxX -Uz
0x006B -Uy -Ux -Uz
0x0085 -Uz +Uy +Ux
0x008C +Uz -Uy +Ux
0x0092 +Uy +Uz +Ux
0x009B -Uy -Uz +Ux
0x00C4 +Uz +Uy -Ux
0x00CD -Uz -Uy -Ux
0x00D3 -Uy +Uz -Ux
0x00DA +Uy -Uz -Ux
0x0111 -Ux +Uz +Uy
0x0118 +Ux -Uz +Uy
0x0124 +Uz +UxX +Uy
0x012D -Uz -Ux +Uy
0x0150 +UxX +Uz -Uy
0x0159 -Ux -Uz -Uy
0x0165 -Uz +UxX -Uy
0x016C +Uz -Ux -Uy
“ 0X12D”

http://www.kasokudo.com -60 - sales@xbow.jp



402 1)—X 12— —I=a7I)

8.5 User Behavior Switches

Crossbow Japan Ltd.

Free Integrate 0 0=

1 6
Use Mags 1 0= ( GPS

)

1=
Use GPS 2 0=GPS

1 =GPS
Stationary Yaw Lock | 3 0=GPS 0(<0.75m/s)

1=GPS 0
Restart on Over-range | 4 0=

1=
Dynamic Motion 5 0=

1:
Reserved 6:15 N/A

8.6 Hard and Soft Iron Values
ID
X Hard Iron Bias 0x0009 12 2/2"° Gauss
Y Hard Iron Bias 0x000A 12 2/2"° Gauss
Soft Iron Scale Ratio | 0x000B U2 2/2"° -
-1 1
0 2
X
8.7 Heading Track Offset
ID

Heading Track Offset | 0x000C 12 2x 1t /2'°[360°/2"] | Radians (  )[°]
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8.8 A4 SLavy FOHEH

8.8.1 Write Fields Command

Write Fields (‘WF’ = 0x5746)

0x5555 0x5746 1+numFields*4 <WF payload> <CRC (U2)>
EEPROM
ON/ OFF
NumFields field0, fieldl, fieldN field0Data field1Data
fieldNData 1D
ID
ID 8.1
WF
0 numFields | U1 - -
1 fieldO u2 - - 1 ID
3 fieldOData | U2 - - 1 ID
5 field1 u2 - - 2 ID
7 field1Data | U2 - - 2 ID
U2 - - .
numFields*4 -3 | field... uz2 - - ID
numFields*4 -1 | field...Data | U2 - - ID
Write Fields Response
Write Fields (‘WF’ = 0x5746)
0x5555 0x5746 1+numFields*2 <WF payload> <CRC (U2)>
WF
0 numFields | U1 - -
fieldO u2 - - 1

ID
3 field1 u2 - - 2

ID
U2 - -
numFields*2 —1 | Field... uz2 - - ID
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8.8.2 Set Fields Command

Crossbow Japan Ltd.

Set Fields (‘SF’ = 0x5346)

0x5555 0x5346 1+numFields*4 <SF payload> <CRC (U2)>
SF
NumFields field0, fieldl, fieldN field0OData field1Data
fieldNData ID
1D
ID 8.1
SF
0 numFields U1 - -
1 fieldO u2 - - 1 ID
3 fieldOData uz2 - - 1 ID
5 field1 uz2 - - 2 ID
7 field1Data u2 - - 2 ID
U2 - -
numFields*4 -3 | field... U2 - - ID
numFields*4 -1 | field...Data | U2 - - ID
Write Fields Response
Write Fields (‘WF’ = 0x5746)
0x5555 0x5746 1+numFields*2 <WF payload> <CRC (U2)>
WF
0 numFields | U1 - -
fieldO U2 - - 1
ID
3 field1 U2 - - 2
ID
U2 - -
numFields*2 —1 | Field... u2 - -
ID
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8.9 Read Fields Command

Read Fields (‘RF’ = 0x5246)

0x5555 0x5246 1+numFields*2 <RF payload> <CRC (U2)>

EEPROM NumFields
field0, fieldl, fieldN ID

‘RF’ EEPROM

ID

RF
0 numFields | U1 - -

fieldO U2 - - 1 ID
3 field1 u2 - - 2 ID
u2 - -
numFields*2 - 1 | Field... u2 - - ID

8.10 Read Fields Response

Read Fields (‘RF’ = 0x5246)
0x5555 0x5246 1+numFields*4 <RF payload> <CRC (U2)>
RF
0 numFields U1 - -
1 fieldO U2 - - 1 ID
3 fieldOData U2 - - 1 ID
5 field1 U2 - - 2 ID
7 field1Data U2 - - 2 ID
U2 - - .
numFields*4 -3 | field... U2 - - ID
numFields*4 -1 | field...Data | U2 - - ID
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8.11 Get Fields Command

Get Fields (‘GF’ = 0x4746)

0x5555 0x4746 1+numFields*2 <GF Data> <CRC (U2)>
NumFields
field0, fieldl, fieldN ID
‘GF’ RAM
1D
GF
0 numFields | U1 - -
fieldO uz2 - - 1 ID
3 field1 uz2 - - 2 ID
U2 - -
numFields*2 — 1 Field... uz2 - - ID
8.12 Get Fields Response
Get Fields (‘GF’ = 0x4746)
0x5555 0x4746 1+numFields*4 <GF Data> <CRC (U2)>
GF
0 numFields U1 - -
1 fieldO uz2 - - 1 ID
3 fieldOData uz2 - - 1 ID
5 field1 uz2 - - 2 ID
7 field1Data uz2 - - 2 ID
U2 - -
numFields*4 -3 | field... u2 - - ID
numFields*4 -1 | field...Data | U2 - - ID
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9. Ev FEREDEM

9.1 Built In Test (BIT) and Status Fields

masterFail
BIT

masterStatus

« BlTstatus Field
» masterFail
=  hardwareError
e hardwareBIT Field
¢ powerError
»  hardwarePowerBIT Field
= inpPower
= inpCurrent
= inpVoltage
= fiveVolt
threeVolt
twoVolt
twoFiveRef
sixVolt
grdRef
¢ environmentalError
»  hardwareEnvironmentalBIT Field
= pcbTemp
¢ sensorError (N/A)
¢ internalComError (N/A)
¢ memoryCPUError (N/A)
= comkError
e comBIT Field
¢ serial AError
» comSerialABIT Field
= transmitBufferOverflow
= receiveBufferOverflow
*  framingError
=  breakDetect
=  parityError
¢ serialBError
» comSerialBBIT Field
= transmitBufferOverflow
receiveBufferOverflow
framingError
breakDetect
parityError

=  softwareError
o softwareBIT Field
¢ algorithmError
»  softwareAlgorithmBIT Field
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= initialization
= overRange
= missedIntegrationStep

¢ dataError

» softwareDataBIT Field

= calibrationCRCError

=  magAlignOutOfBounds

¢ RTOS (N/A)

» masterStatus

hardwareStatus

hardwareStatus Field

*

unlocked1PPS

¢ unlockedInternal GPS

*

noDGPS

¢ unlockedEEPROM
= comStatus

e comStatus Field

¢ noExternal GPS
=  softwareStatus

o softwareStatus Field
¢ algorithmlnitialization
¢ highGain
¢ attitudeOnlyAlgorithm
¢ turnSwitch

= sensorStatus
sensorStatus Field

*

overRange

9.2 Master BIT and Status (BITstatus) Field

BITstatus

masterFail
3

masterStatus
softwareStatus

BlITstates Filed
masterFail
HardwareError
comError
softwareError
Reserved

masterStatus

hardwareStatus

sales@xbow.jp
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MSB

hardwareStatus, sensorStatus, comStatus,

OR

masterStatus

, ,COM

BIT
BIT
BIT
BIT

Status

Status
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comStatus 10 0= 1= Status
softwareStatus 11 0= 1= Status
sensorStatus 12 0= 1= Status
Reserved 13:15 N/A
9.3 hardwareBIT Field
hardwareBIT
BlTstatsu hardwareError hardwareBIT OR
hardwareBIT Field
powerError 0 0= 1= Soft
environmentalError 1 0= ,1= Soft
Reserved 2:15 N/A
9.4 hardwarePowerBIT Field
hardwarePowerBIT
hardwareBIT powerError hardwarePowerBIT
OR
hardwarePowerBIT Field
inpPower 0 = ,1= Soft
inpCurrent 1 = ,1= Soft
inpVoltage 2 = ,1= Soft
fiveVolt 3 = ,1= Soft
threeVolt 4 = ,1= Soft
twoVolt 5 = ,1= Soft
twoFiveRef 6 = ,1= Soft
sixVolt 7 = ,1= Soft
grdRef 8 0= ,1= Soft
Reserved 9:15 N/A

9.5 hardwareEnvironmentalBIT Field
hardwareEnvironmentalBIT
hardwareBIT
OR

environmentalError

hardwareEnvironmentalBIT Field

pcbTemp 0 0= , 1=
Reserved 9:15 N/A
http://www.kasokudo.com -68 -
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9.6 comBIT Field

comBIT
BITstatus comError comBIT
OR
comBIT Field
serial AError 0 0= ,1= Soft
serial BError 1 0= ,1= Soft
Reserved 2:15 N/A
9.7 comSerial ABIT Field
comSerial ABIT A
comBIT field serial AError
comSerial ABIT OR
comSerial ABIT Field
transmitBufferOverflow 0 0= ,1= Soft
receiveBufferOverflow 1 0= ,1= Soft
framingError 2 0= 1= Soft
breakDetect 3 = 1= Soft
parityError 4 0= 1= Soft
Reserved 5:15 N/A
9.8 comSerialBBIT Field
comSerialBBIT B
comBIT field serialBError
comSerial BBIT OR
comSerial BBIT Field
transmitBufferOverflow 0 0= ,1= Soft
receiveBufferOverflow 1 0= ,1= Soft
framingError 2 0= 1= Soft
breakDetect 3 = 1= Soft
parityError 4 0= 1= Soft
Reserved 5:15 N/A
9.9 softwareBIT Field
softwareBIT
BlITstatus softwareError
softwareBIT OR
softwareBIT Field
algorithmError 0 0= 1= Soft
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dataError 1 0= 1= Soft
Reserved 2:15 N/A
9.10 softwareAlgorithmBIT Field

softwareAlgorithmBIT

softwareBIT algorithmError software AlgorithmBIT OR

SoftwareAlgorithmBIT Field
Initialization 0 0= ,1= Hard
overRange 1 0= , 1= Hard
missedNavigationStep 2 0= ,1= Hard
Reserved 3:15 N/A
9.11 softwareDataBIT Field

softwareDataBIT softwareBIT

dataError softwareDataBIT OR
SoftwareDataBIT Field
calibrationCRCError 0 0= ,1= EEPROM Hard
CRC WE

magAlignOutOfBounds 1 0= , 1= / Hard
Reserved 2:15 N/A
9.12 hardwareStatus Field

hardwareStatus
BITstatus hardwareStatus hardwareStatus hardwareStatusEnable

(AND) OR hardwareStatusEnable
masterStatus
hardwareStatus Field
unlocked1PPS 0 0 = not asserted, 1 = asserted
unlockedInternal GPS 1 0 = not asserted, 1 = asserted
noDGPS 2 0 =DGPS , 1 =DGPS
unlockedEEPROM 3 0= WE , 1= WE
Reserved 4:15 N/A
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9.13 comStatus Field

Crossbow Japan Ltd.

comStatus
BlTstatus comStatus comStatus comStatusEnable
(AND) OR comStatusEnable masterStatus
comStatus Field
noExternal GPS 0 0=GPS , 1 =GPS
Reserved 1:15 N/A
9.14 softwareStatus Field
softwareStatus
BlTstatus softwareStatus softwareStatus softwareStatusEnable
AND OR softwareStatusEnable
masterStatus
softwareStatus Field
algorithmlInit 0 0= , 1= e
highGain 1 0 =low , 1=high
attitudeOnlyAlgorithm 2 = 1=
turnSwitch 3 0= ,1=
Reserved 4:15 N/A
9.15 sensorStatus Field
sensorStatus
BITstatus sensorStatus sensorStatus sensorStatusEnable
AND OR sensorStatusEnable
masterStatus
sensorStatus Field
overRange 0 0 = not asserted, 1 = asserted
Reserved 1:15 N/A
9.16 Configuring the masterStatus.
masterStatus 8
Read Field  Write Field
configuration fields ID
hardwareStatusEnable | 0x0010 | Any | hardware status
comStatusEnable 0x0011 | Any | communication status
softwareStatusEnable 0x0012 | Any | software status
sensorStatusEnable 0x0013 | Any | sensor status
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9.16.1 hardwareStatusEnable Field

hardwareStatus
hardwareStatus
hardwareStatus masterStatus

BITstatus

hardwareStatus

9.16.2 comStatusEnable Field

comStatus
comStatus
masterStatus

BITstatus comStatus

9.16.3 softwareStatusEnable Field

softwareStatus
softwareStatus
softwareStatus  masterStatus
BITstatus
softwareStatus

9.16.4 sensorStatusEnable Field

sensorStatus
sensorStatus
masterStatus

BITstatus sensorStatus

http://www.kasokudo.com
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BIT
BITstatus
hardwareStatus masterStatus
BIT
BITstatus comStatus
masterStatus comStatus
BIT
BITstatus
softwareStatus masterStatus
BIT
BITstatus sensorStatus
masterStatus sensorStatus
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10. {18% A. B0+

10.1 IMU440,VG440,VGS440

e

a.50

1 =254 m
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10.2 AHRS440,NAV440

ars —
3.00

i
L ’*_ =
. +0010 : 1
@08, 0000 — i noqg*0010

|_- - .0000

3.80

1 =254 m
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GPS

11. {78 B.NMEA X vy &—Y 74+ —<3 v b

NMEA-0183
GGA

11.1 GGA - GPS B T—#

GPS

RMC

9600 8

HDOP

DGPS

Crossbow Japan Ltd.

$GPGGA, hhmmss.ss, Latitude, N, Longitude, E, FS, NoSV, HDOP, msl, m, Altref,m, DiffAge, DiffStation*cs <CR>

<LF>
ASC String
Name
$GPGGA string $GPGGA Message ID:
hhmmss.ss hhmmss.sss 092725.00 UTC Time:
Latitude dddmm.mmmm 4717.11399 Latitude:
N character N N/S Indicator : N= ,S=
Longitude dddmm.mmmm 00833.91590 Longitude:
E character E E/W Indicator : E= , W
FS 1 digit 1 GPS
NoSV Numeric 8 0-12
HDOP Numeric 1.01 HDOP
Msl Numeric 499.6 m
M character M
Altref Blank 48.0 m
M Blank M
DGP DGP

DiffAge Numeric GPS sec. DGPS
DiffStation Numeric 0 DGPS ID
Cs hexadecimal *5B
<CR>
<LF>

0

1 GPS 2D/3D

DGPS
6
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12.438% C. /"4y FEW T O S LHI
( )

121 =&

440 ANSI C
440

CRC

e process_xbox_packet — for parsing out packets from a queue. Returns these fields in stucture
XBOW_PACKET (see below). Checks for CRC errors

e calcCRC - for calculating CRC on packets.

o [Initialize - initialize the queue

e AddQueue - add item in front of queue

e DeleteQueue - return an item from the queue

e peekWord - for retrieving 2-bytes from the queue, without popping
e peekByte — for retrieving a byte from the queue without popping

e Pop - discard item(s) from queue

e  Size — returns number of items in queue

e  Empty — return 1 if queue is empty, 0 if not

e  Full - return 1 if full, 0 if not full

CRC
XBOW_PACKET Caller
Caller 0

XBOW_PACKET stucture

typedef struct xbow packet

{
unsigned short packet type;
char length;
unsigned short crc;
char data[256];

} XBOW_PACKET;

HEFITE, X—HYE L—TATHTOLRFLEALHIDE A L) H—BEICK YFUH
Eh, Ty LrERLTH21—2HAET. ATORARHHE, COF1—ICTF—2%EMTS
CEIHYFET, Fa—TIOEABELEET IALHIORNFERT, COFRF1—DRUZER
O@lil—*f—ﬁtﬁ?u*?o
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12.2 23— F Code listing

#include <stdio.h>

/* buffer size */

#define MAXQUEUE 500

/*

* circular queue

*/

typedef struct queue tag

{

int count;
int front;
int rear;
char entry[MAXQUEUE] ;

} QUEUE TYPE;

/*

* crossbow packet

*/

typedef struct xbow_packet

{

unsigned short packet type;

char length;
unsigned short crc;

char data[256];

} XBOW_PACKET;

QUEUE_TYPE circ buf;

/********************‘k‘k‘k‘k‘k******************************‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k********

* FUNCTION: process_xbow packet looks for packets in a queue

* ARGUMENTS: queue ptr: is pointer to queue to process

*

result: will contain the parsed info when return value is 1

* RETURNS: 0 when failed.

*

1 when successful

*******************************************************************************/

int

{

process xbow packet (QUEUE TYPE *queue ptr, XBOW PACKET *result)

unsigned short myCRC = 0, packetCRC = 0, packet type = 0, numToPop=0, counter=0;
char packet[100], tempchar, dataLength;

if (Empty (queue ptr)
{
return 0; /* empty buffer */

/* find header */
for (numToPop=0; numToPop+1<Size (queue ptr) ;numToPop+=1)
{

if (0x5555==peekWord (queue_ptr, numToPop)) break;
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Pop (queue ptr, numToPop) ;

if (Size (queue_ptr) <= 0)
{
/* header was not found */

return 0;

/* make sure we can read through minimum length packet */

if (Size (queue_ptr)<7)

{

return 0;

/* get data length (5th byte of packet) */
dataLength = peekByte (queue ptr, 4);

/* make sure we can read through entire packet */

if (Size(queue ptr) < 7+datalLength)

{

return 0;

}

/* check CRC */
myCRC = calcCRC(queue_ptr, 2,datalLength+3);
packetCRC = peekWord (queue ptr, dataLength+5);

if (myCRC != packetCRC)

{
/* bad CRC on packet - remove the bad packet from the queue and return */
Pop (queue ptr, dataLength+7);

return 0;

/* £ill out result of parsing in structure */
result->packet type = peekWord(queue ptr, 2);
result->length = peekByte (queue ptr, 4);
result->crc = packetCRC;

for (counter=0; counter < result->length; counter++)
{

result->data[counter] = peekByte (queue ptr, 5+counter);

Pop (queue ptr, dataLength+7);

return 1;

/*******************************************************************************

* FUNCTION: calcCRC calculates a 2-byte CRC on serial data using

*

*

*

CRC-CCITT 16-bit standard maintained by the ITU
(International Telecommunications Union) .
ARGUMENTS: queue ptr is pointer to queue holding area to be CRCed
startIndex is offset into buffer where to begin CRC calculation

num is offset into buffer where to stop CRC calculation
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* RETURNS: 2-byte CRC
*******************************************************************************/
unsigned short calcCRC(QUEUE TYPE *queue ptr, unsigned int startIndex, unsigned int num) {
unsigned int i=0, 3j=0;

unsigned short crc=0x1DOF; //non-augmented inital value equivalent to augmented initial
value OxFFFF

for (i=0; i<num; i+=1) {

A

crc “= peekByte(queue ptr, startlIndex+i) << 8;
for (j=0;3<8;3+=1) {

if (crc & 0x8000) crc = (crc << 1) » 0x1021;
else crc = crc << 1;

}

return crc;

/*******************************************************************************

* FUNCTION: Initialize - initialize the queue
* ARGUMENTS: queue ptr is pointer to the queue
*******************************************************************************/
void Initialize (QUEUE TYPE *queue ptr)
{

queue ptr->count = 07
queue ptr->front = 0;
queue_ptr->rear = -1;

/*******************************************************************************

* FUNCTION: AddQueue - add item in front of queue
* ARGUMENTS: item holds item to be added to queue
* queue_ptr is pointer to the queue
* RETURNS: returns 0 if queue is full. 1 if successful
*******************************************************************************/
int AddQueue (char item, QUEUE TYPE *queue ptr)
{
int retval = 0;
if (queue ptr->count >= MAXQUEUE)
{
retval = 0; /* queue is full */
}
else
{
queue_ptr->count++;
queue_ptr->rear = (queue ptr->rear + 1) % MAXQUEUE;
queue ptr->entry[queue ptr->rear] = item;
retval = 1;
}

return retval;

/*******************************************************************************

* FUNCTION: DeleteQeue - return an item from the queue
* ARGUMENTS: item will hold item popped from queue
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* queue ptr is pointer to the queue
* RETURNS: returns 0 if queue is empty. 1 if successful
*******************************************************************************/
int DeleteQueue (char *item, QUEUE_TYPE *queue ptr)
{
int retval = 0;
if (queue_ptr->count <= 0)
{
retval = 0; /* queue is empty */
}
else
{
queue ptr -> count--;
*item = queue ptr->entry[queue ptr->front];
queue ptr->front = (queue ptr->front+l) % MAXQUEUE;
retval=1;
}

return retval;

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k******************‘k‘k‘k‘k‘k************************

* FUNCTION: peekByte returns 1 byte from buffer without popping
* ARGUMENTS: queue ptr is pointer to the queue to return byte from

* index is offset into buffer to which byte to return
* RETURNS: 1 byte
* REMARKS: does not do boundary checking. please do this first

*******************************************************************************/

char peekByte (QUEUE TYPE *queue ptr, unsigned int index) {
char byte;

int firstIndex;

firstIndex = (queue ptr->front + index) % MAXQUEUE;

byte = queue ptr->entry[firstIndex];
return byte;

/*******************************************************************************

* FUNCTION: peekWord returns 2-byte word from buffer without popping
* ARGUMENTS: queue ptr is pointer to the queue to return word from

* index is offset into buffer to which word to return
* RETURNS: 2-byte word
* REMARKS: does not do boundary checking. please do this first

‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*******************‘k‘k‘k‘k‘k‘k***********************/

unsigned short peekWord(QUEUE TYPE *queue ptr, unsigned int index) {
unsigned short word, firstIndex, secondIndex;

firstIndex = (queue_ptr->front + index) % MAXQUEUE;
secondIndex = (queue ptr->front + index + 1) % MAXQUEUE;

word = (queue ptr->entry[firstIndex] << 8) & OxFF00;

word |= (0x00FF & queue ptr->entry[secondIndex]);

return word;
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/***********************‘k‘k‘k‘k‘k‘k‘k‘k************************‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k********

* FUNCTION: Pop - discard item(s) from queue
* ARGUMENTS: queue ptr is pointer to the queue
* numToPop is number of items to discard
* RETURNS: return the number of items discarded
*******************************************************************************/
int Pop (QUEUE TYPE *queue ptr, int numToPop)
{
int 1=0;
char tempchar;
for (i=0; i<numToPop; i++)
{
if (!DeleteQueue (&tempchar, queue ptr))
{

break;

}

return 1i;

/*******************************************************************************
* FUNCTION: Size
* ARGUMENTS: queue ptr is pointer to the queue
* RETURNS: return the number of items in the queue
*******************************************************************************/
int Size (QUEUE_TYPE *queue ptr)
{

return queue ptr->count;

/*******************************************************************************
* FUNCTION: Empty
* ARGUMENTS: queue ptr is pointer to the queue
* RETURNS: return 1 if empty, 0 if not
*******************************************************************************/
int Empty (QUEUE TYPE *queue ptr)
{

return queue ptr->count <= 0;

/*******************************************************************************
* FUNCTION: Full

* ARGUMENTS: queue ptr is pointer to the queue

* RETURNS: return 1 if full, 0 if not full

*******************************************************************************/
int Full (QUEUE TYPE *queue ptr)

{
return queue ptr->count >= MAXQUEUE;
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13. 18 D. > Ty FrDTFa—F

Example payload from Angle Data Packet 2 (A2)

5555 4132 1le 0006ffededOlfffOfffdffedfff7£f££f9£3312c642¢cel2d8500010b1c0300 6945

Vo l

preamble type length CRC

0006ffeded9l fff9fffdffed fEff7£f£9£f331 2c642cel2d85 00010blc 0300

v
timeI TOW
v Hex Data Value
Angles Accelerometers (s)
00010b1 68380
Hex Value Hex Value ¢
Data (deg) Data Q)
0006 0.033 FFF7 -0.0027
(roll) (x)
y
::EtE;]l) -0.154 FI;FQ -0.0021 BIT status Field
pitc y
Field Value
ED91 -25.922 F331 -1.0007
(vaw) (2) masterFail 0
JV v
hardwareError 0
Angular Rates Temperature
comError 0
Data (deg/s) Data (deg. C) softwareError 0
reserved 0000
2C64 34.680
FFF9 -0.13 masterStatus 1
(roll)
2CE1 35.062 hardwareStatus 1
Fp'?tlsz) -0.06 comStatus 0
2D85 35.562 softwareStatus 0
FFED -0.37
(yaw) sensorStatus 0
reserved 000
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Example payload from Scaled Sensor 1 data packet (S1)

5555 5331 18 O0000fffef332 f£ff30001£f£f8 23b9242624ca2aff 9681 0300 248a

preamble type length counter CRC
\ 4 \ 4 v v
Accelerometers Angular Rates Temperature BIT status Field
Hex Value Hex Value Hex Value Field Value
Data (9) Data | (deg/s) Data (deg. C) masterFail 0
0000 0 FEE3 | -0.25 23B9 28.241 hardwareError 0
comError 0
FFFE -0.001 0001 0.02 2426 28.741 softwareError 0
24CA 33.591 reserved 0000
F332 -1 FFF8 -0.15
masterStatus 1
2AFF 38.968
hardwareStatus 1
comsStatus 0
softwareStatus 0
sensorStatus 0
reserved 000
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Example payload from Nav Data Packet 1 (N1)

5555 4e31 2a 001bffdf3a5bfffe0000ffe . . . f££8f£f£70000002d1900288a3e0300 a3ad
preamble type length CRC

001lbffdf3a5b fffe0000ffea fff8fff7£337 0015fda9fd4f 00000000000000000000 2d19 00288a3e 0300

A4
y Accelerometers v
Angles Hex Value Temperature
Dat.
Hex Value ata () Hex Value
Data de Data (deg. C)
(deg) FFF8 -0.0024
001b 0.148 2D19 35.233
FFF7 -0.0027
v
FFFD -0.181 imeI TOW
F337 -0.9988
3A5B 82.062 v Hex Data }/j:/ue
S
Velocity
Hex Value 00288a3e 2656830
Data (m/s)
0015 0.164 v
A 4 BIT status Field
Angular Rates FDA9 -4.680
Field Value
Hex Value FD4F -5.383 masterFail 0
Data (deg/s)
hardwareError 0
FFFE -0.04 v comError 0
GPS softwareError 0
0000 0.00 reserved 0000
Hex Data value masterStatus 1
FFEA -0.42
hardwareStatus 1
00000000 0.000000000 Rad
comStatus 0
00000000 0.000000000 Rad softwareStatus 0
0000 0.0m sensorStatus 0
reserved 000
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