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MAC Delay-Free AUV Localization Based on Hyperbolic
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ABSTRACT

Medium Access ControlMAC) delay which occurred between the anchor node’s transmissions is one of the
error sources in underwater localization. In particular, in localization for moving platform, e.g., AUV(Autonomous
Underwater Vehicle), the MAC delay significantly degrades the ranging accuracy because of the differ packet
reception times. In this paper, to analyze the impact of MAC delay, we define the Cramer-Rao Low Bound
(CRLB) for the ToA-based localization. Furthermore, we introduce underwater localization combined with multiple
access technology to decouple the impact of MAC delay from the localization. Toward this goal, we adopt
hyperbolic frequency modulation (HFM) signal which has high-temporal correlation characteristic. Owing to the
multiplexing ability, the anchor nodes can transmit their packet without MAC delay, i.e., simultaneous
transmission is possible, leading to the remove the impact of MAC delay. The simulation results show that the
proposed system provides high and stable localization performance as compared with the existing system that

ignores the impact of MAC delay.
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Fig. 3. The ranging error caused by the MAC delay and
node’s mobility(network size: 300m, MAC delay: 1.7s)

Ae)Ed oAje] wake Tk ozt oo
7o) #ojgle),

C=diag|o?, o3,.... o] (6)

Aelad eabe AAFE Fasks A 1ol
o] HAxcol A o] 7} x| A9} Z¢]uE]
of o]z offeh o] Ha & 4 9ek

E:D(p(tl\f))lj_RT: [617627'-61\'] @)

AUVS| £59} MAC A|<do] whE 24 0 e B
= mletslr] slal A7E oA x, y, 23l gk AUV
o E=F W) = (v, (t),0,(t),0,(t) ]| 2, iHA F=
wes} 1WA FEiese] Adateld] MAE
MAC A& .2} s A 719 41813+ 4]
®)2 #rk

ty
t)=xz(t,)+ t)dt,
w(t) =)+ [ 0.0
ty
y(t) =y(t)+ |y, ()dt, @®)

A7)} T AR £, 4] ofelis} 7o) Hofslck

i—1
ti=t,+3,7,i€{2,3,..N} ®
j=2"

10 T
T=2.5s8
/]
ar -
/
/
s
/
T 6f 7
= s
0 .
g 7
O 4r %
.//
2
2t A
0 1 \ \ . .
0 0.5 1 1.5 2 25 3
Velocity (m/s)

a2 4. AUV $A<9le uwlE CRLBMWIESIZ =]
1500m, MAC #|¢1:2.5%)

Fig. 4. The ranging error caused by the MAC delay and
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Fig. 5. An example of HFM signal. The symbol duration
is Sms and the frequency interval [1, S]kHz.
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