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Abstract

This paper presents a Inertial Measuring Unit(IMU) for motion measurement of an
AUV. The IMU is composed of three parts! inertial sensors with three servo accelerometers
and three rate gyros, an analog/digital interface board, and a digital signal processing
board with TMS320C31 DSP processor. The IMU is a class of strap-down inertial
navigation system, but this system does not applicable directly to the navigation system in
consequence of the low qualities of the inertial sensors. This system will be available for
motion references of the AUV and itegrated sensors for an integrated navigation system of
the AUV. Fast calculation of direction cosine matrix for the coordinate transformation body
to reference is obtained through the DSP processor. A switching algorithm is used to
lessen the low frequency drift effect of the gyros in the vertical plane with use of low
pass filtering of the signal of the accelerometers.
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Table 1 Specifications of Servo Accelerometer

Manufacturer Lucas Schaevitz
Type Linear servo
Input voltage 15V (10%)
Operating range 2g
Output 5vVDC 1%
Scale factor + 25 V/g
Natural frequency 140 Hz nominal
Damping ratio 0.6 nominal

Linearity 0.05% of full range
Resolution 0.001% of full range
Cross—axis sensitivity 0002 g perg
Bias 0.1% of full range
Sensitive axis to case .
N 1 degree maximum
alignment
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Table 2 Specifications of Rate Gyro

‘T’M‘;’lanufacturer >T Murata

? Type ‘ ENV - 05A ﬂ
k‘—»lnput voltage +8 ~ +135V
A(‘);):r aling range 90 “/sec

~ Output | 25103V (at 0 /s)

22.2 +1.8mV/deg/scc
0.1 /sec i‘

05 % full scale

Scale factor |

Resolution

Lincarity

Drift 0.2 Vp-p max.

| Sensitive axis (o case
! alignment

1 deg. maximum

| Bandwidth ]

7 Hz max.
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Table 3 Memory map of IMU DSP Board

-

Address Length Interfaced Devices
0x00 Ox3f Interrupt Vector Table
O Ox40 | Ox3600 External ROM
| Ox10000 | Ox3fff | External RAM
I

0x400000 | 0x02 (Serial o 10 PC)
© 0x400050 | 001 BAUD

0x400010 “0x01 A/D Converter
; 0x400020 0x01 Status
- 0x400030 | ox0l 8251 Iﬁ?}?}g}mgfc’gm to
© 0x400040 | OxO1 LED Port
. 0x400080 | 0x01 BAUD
©0x400060 | Ox01 | Multiplexor j

0x400070 | 0x01 | A/D Starl Bit Address |
_ OxBO3B00 | O0x400 | Internal RAMO *1
- OxB09c00 | 0x400 | Internal RAM1
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Fig. 4 Angular Drift of the IMU
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Fig. 5 Angular Response for Irregular Motion

6. 4 &

¥ =il AUVE IMU (inertial meas-
uring unit)& JNdetd el AL MUY 243 A4
Zx 7VE5EA 39} HolExe)® 3ME A}
Ail, AAZre g Asxel 9 gzl 73
£ 7] 913t TMS320C31 DSPAE F A7)
2 ARl en], 242 A/D AHEIE o] 43y
AMANZE A5t AR AUVE 535
£ A= BAstEE AAs )

g d w2 58 Euler 225 & AALge] gl 4]
7tEZ A9} Alel2e] & Ejtsle] o) &34l
X2, & 3l £Fo g el AAsige
o, A PR (DCMMYE S o843t FHFH
& steivl " MU &4, 9x7 A5t
2] AAl gt T g Ao AF, A9
A AdES 2YHY 4 o Aeds
of dalMe REAge Bete] g 7Hrh 2wt
el 52 ANE-S FYslnz AUVY HA 3
A HlAde a4 AXFA Fxoy 27t 9
L3}



AUVE 5AIZE AT 2x9-o}88 FAASFZAIMUY Ay

% 7]

B B4 299 AT d@ow

H
3% “200mF #AME- AUV ZPEID” Q734A]
Ashe) d9)e el Ech
AHIOEH

1) George; M. Siouris, “Aerospace Avionics
systems”, Academic Press, Inc. 1993

2) Ching-Fang Lin, “Modern Navigation,
Guidance, and Control Processing”, Prentice
Hall, 1991

3) Billur Barashan, Hugh F. Durrant-Whyte,
"Inertial Navigation Systems for Mobile
Robots”, TEEE Trans. on Robotics and
Automation, Vol 11, No 3, pp. 328-342, 1995

4) V. Anantha Subramanian, C. P. Vendhan,
"An Efficient Algorithm for Strapdown
Accelerometer-Based Motion Measurement”,

—105—

Ocean Eng., Vol 20, No 4, pp. 421 - 432,
1993

5) Sudhakar M. Pandit, Weibang Zhang,
"Modeling Random Gyro Drift Rate by Data
Dependent Systems”, IEEE Trans. on
Aerospace and Electronics Systems, Vol
AES-22 No 4, pp. 455 - 460, 1986

6) BF, "2EgchE FAAPHAA Y dEH=
B g A o AsEA, AedE
a2 g, AloASFER, Aabss] =,
1988

7) Bernard Friedland, “Analysis Strapdown
Navigation using Quaternions”, IEEE Trans.
on Aerospace and Electronic Systems, Vol
AES-14, No 5, pp. 764 - 768, 1978

8) “TMS320C3x  User's  Guide”,  Texas
Instruments, 1993

9) upAE), oakel, “CZ Al 2= TMS320C31",
ojed A}, 1995

10) Seatex, "MRU : User’s Maual”, 1995



