OV-FYNITAF (liee; 5 5l /Y0 Lot [ po o Jlo

b g 5 gBodigy gl p AHRS/GPS/DR S 90 o 5951 5lwodly 9 &b
Gl 25 3 YU () Ble g il 5 b ls S35

S VRS S TR IR -SESPCN S YR PSSP X V-V SENVAE ST [ PPV JOY

Ealizadeh@mUL.ac.ir ¢ Jlas s ()sls 5 pole (cosSingy eyl o sinio oKl o )lpils
Hnourmohammadi@yah00.com ¢ Jles s> 55l g pole (goaSiimgl (sl Slo  aio olKiiils (558
Mohammadtaghi.sabet@gmail.com ¢ Jlas elo> (s)5Lé g pole (goaSimg sl Slo ato olKuiily (58
Zarrini@yah00.com ¢ Jles clss (g,5lid 5 pole (gouSimgs ¢yl Slo imio olKuily syl ol ' ¥

ovuS

2 piqliolia! slallas 0929 casd ()] (ol 29U sloailebs oulul slaplle 51 (S
e 0gh oo oloy b 69l sl ) crgo oS Cosl (Sl 2815 Ko 95 (ol (sla S
a3 lodis, 15 656555 sl AHRS/GPS/DR _idli (sl oty ,551 oy ooy wallice
sl S 5l oolaiwl 0925 b oS conl cpl (golpiiny w88l ol coje cwl aily 0 5 b ls Sogs
ol b edd 0l GPS sailol Sasaily ahad adlge 1o cowlin 0,Slas wad il gyl
4S5 L e Sl s, slin 2 3l 0l 2,505 o s (slaliodlo LB 25 541
L)l 2gb o a3l GPS glad o) 1o Cumge (adt (glp 2ol )15 02 )5S0l (65970 g s S
PV e 5 0l 55 L ol g3 xbn s sois, K2 5o ol siloosls b esoleiiay kS
3925 Ly Coamas (sl e sllas a5 01l CYs (a0 oo ool O

Lol az 50 0 31 LS GPS 5l g ls pools jo (glagli e alad

Alio wleMb|

llio dzesy b
VRS FIYE allie el s gl
VAP AN allie 5 pdy G

edds olals

Ol Sog3 (b oy, (5 b
GPS (salols alss

il 6 gl Saeaddy sl

Design and implementation of AHRS/GPS/DR Navigation algorithm
applied to long-range AUVs with high underwater durability

Ebrahim Alizadeh?!, Hossein Nourmohammadi?®, Mohammad Taghi Sabet®, Mostafa

Zarrini Larimi*

! Associate Professor, Malek Ashtar University of Technology, Ealizadeh@maut.ac.ir
2 Ph.D, Malek Ashtar University of Technology, Hnourmohammadi@yahoo.com

3 Ph.D, Malek Ashtar University of Technology, Mohammadtaghi.sabet@gmail.com
4 MSc, Malek Ashtar University of Technology, Zarrini@yahoo.com

ARTICLE INFO ABSTRACT

Article History:
Received: 15 Jul. 2017
Accepted: 12 Nov. 2017

Keywords:

Long-range AUV navigation
Orientation estimation

GPS outage

State estimation filter

Long-term inertial navigation error

One of the main challenges in low-cost inertial navigation systems (INSs) is inevitable
errors of MEMS-grade inertial sensors which lead to time-growing navigation error.
This paper aims to develop AHRS/GPS/DR integrated navigation algorithm for long-
range autonomous underwater vehicle (AUV). Proper performance in deals with long-
term GPS outage is the main advantage of the proposed algorithm. Online estimation
of gyro biases plays noticeable role in the performance of the presented algorithm.
Using Dead Reckoning (DR) method based on an axial speed sensor, an applied
algorithm is developed for position estimation during the GPS outages. The algorithm
is evaluated by field test executed on a long-range AUV with high underwater
durability. Experimental results indicate that in spite of 500 seconds GPS outage, the

estimation error in the heading angle does not exceed 5 degrees.
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1- Autonomous Underwater Vehicles (AUVS)
2- Attitude-Heading Reference System (AHRS)
3- Global Positioning System (GPS)
4- Extended Kalman filter (EKF)
5- Strap-down gyro compassing
6- Low-Pass Digital Filter
7- Meridian Radius of Curvature
8- Transverse Radius of Curvature
9- Time Update
10- Measurement Update
11- Innovation signal
12- Drift-free
13- Dead Reckoning (DR)
14- Doppler Velocity Logger (DVL)
15- Inertial Measurement Unit (IMU)
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