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ABSTRACT
Under water acoustic (UAC) channel is subjected to large
delay spread compared to radio frequency (RF) channels. In
order to capture this large delay spread and avoid ISI, the
UAC symbol duration needs to be considerably large reduc-
ing the transmission data rate. Unlike other RF systems,
in Ultra-wideband (UWB) RF systems, small pulse width
in the order of nano seconds is used to transmit informa-
tion. This in turn, gives high resolution multipaths. In a
time hopping UWB system, to avoid multipath overlap, the
chip duration and the frame duration are kept equal to or
larger than the maximum delay spread of the channel. This
results in large UWB symbol duration and hence reduces
the data rate. In order to increase the data rate, the chip
duration, and frame duration can be reduced to less than
the maximum delay spread. In addition, to farther increase
the data rate, guard interval between consecutive symbols
can be reduced/removed allowing consecutive symbols to
overlap. This results in intersymbol interference (ISI). Sur-
prisingly, this type of overlap doesn’t degrade UWB system
performance significantly. In this paper, the same concept
is applied to various UAC channels. In order to increase the
data rate, consecutive UAC symbols are allowd to overlap.
Performance under ISI is then evaluated.

1. INTRODUCTION
In Ultrawideband (UWB) RF systems, reducing symbol

size by reducing chip size and frame size significantly in-
creases data rate without sacrificing performance [1, 2].
In the shallow water, constant sound velocity UAC chan-

nels, paths arriving at various delays experience large trans-
mission loss. With the increase of transmission range and
frequency, the delay spread becomes longer and latter paths
continue to loose more energy. To cover such delay spread,
the symbol duration needs to be long. Since the contribu-
tion from latter paths is negligible, symbol duration can be
reduced to allow the paths from consecutive symbols to over-
lap causing ISI. Fig. 1 presents this scenario. The reduction
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Figure 1: ISI due to overlapping symbols

of symbol duration will depend on the type of UAC channel.
In deep water channels, latter paths may have higher energy,
which travel shorter paths through low sound velocity zone.

This paper will present a continuing work to find out the
performance of UAC in terms of signal to noise ratio (SNR)
and data rate under forced ISI in various UAC channels. Op-
timum overlap resulting in desired performance can be de-
termined with respect to transmission range and frequency.

The rest of the paper is organized as follows. Section 2
presents the analysis of ISI component in the received sym-
bol. Section 3 presents the simulation result and Section 4
presents the concluding remarks.

2. ANALYSIS
The UAC channel will produce multipaths that may vary

in time. In a time variant channel, the UAC channel impulse
response can be expressed as below,

h(!REF , t) =
L!1!

l=0

"l(t)#(!REF ! !l(t)), (1)

where, the variables "l(t) and !l(t) denote the time variant
attenuation coe!cient and the time variant time delay of
the lth path respectively. The variable L denotes the to-
tal number of multipaths, !REF is a time reference, and #
is Dirac delta function. For simplicity, in a time invariant
channel, (1) can be expressed as

h(!REF ) =
L!1!

l=0

"l#(!REF ! !l). (2)

Let the transmitted signal be denoted by s(t) = A$%(t),



where %(t) represents the transmitted pulse, A the pulse am-
plitude, and $ denotes pulse amplitude modulation (PAM).
After convolving with the channel, the received signal us-
ing (2) can be expressed as,

r(t) =
L!1!

l=0

A$"l%(t! !l) + z1(t) + z2(t), (3)

where z1(t) and z2(t) denote frequency independent and fre-
quency dependent noise respectively.
When the sysmbol duration, Ts is smaller than maximum

excess delay, Tg, and the total number of symbols is denoted
by N , each desired received symbol may have contributing
paths from N ! 1 symbols. Then, (3) can be expressed as

rISI(t) =
L!1!

l=0

A$"l%(t! !l)

" #$ %
DesiredTerm

,

+
N!

n=2

LISIn!1!

l=0

A$n"l%(t! !l ! Tp(n! 1))

" #$ %
ISIterm

+z1(t) + z2(t), (4)

where consecutive symbols are transmitted Tp width apart,
i.e. Ts = Tp, the range of ISI contributing paths of the

nth symbol can be written as l = 1 to
Tg!Tp(n!1)

! and is
denoted by LISIn. For convenience of analysis, the channel
is discretized to the timing resolution of either the receiver
sampling rate or to the pulse bandwidth. It is assumed that
!l = l", where " is the chosen minimum timing resolution.

3. SIMULATION RESULTS
A shallow water short range channel of 9m water column

height and 90m range is considered in the simulation. Both
transmitter and receiver are at 1m depth. Fig. 2 presents
the channel impulse response of such a channel using sim-
ulation software ActUp. Fig. 3 represents the transmitted
pulse with a width of 41micro second. Binary Phase Shift
Key (BPSK) modulation is used in transmission. Symbol
or bit duration is considered to be equal to the pulse width,
which is much less than the maximum excess delay. Two
consecutive bits are allowed to overlap i.e. the multipaths
tail of the first bit is overlapped by part of second bit. The
resulting BER plot is shown in Fig. 4.

4. CONCLUSION
The simulation results show that the performance is al-

most same in both cases with and without ISI. This is mainly
due to the fact that in UAC, the latter paths have increas-
ingly less energy and therefore, their contribution or inter-
ference to the consecutive symbols are negligible. As a con-
tinuing research, more symbols can be allowed to overlap
under various channel conditions.

5. REFERENCES
[1] S. Ahmed and H. Arslan. Inter-Frame Interference in

Time Hopping Impulse Radio Based UWB Systems for
Coherent Receivers. In VTC, Montreal, Canada, Sep
2006.

[2] S. Ahmed and H. Arslan. IFI and ISI in High Data
Rate UWB Coherent Transceivers. In RWS, FL, USA,
Jan 2008.

0 0.02 0.04 0.06 0.08 0.1
10

20

30

40

50

60

70

80

90

Delay (sec)

R
an

ge
 (m

)

Test_100000.arr, Source depth = 1m, Receiver depth = 1m

 

 

Tr
an

sm
is

si
on

 lo
ss

 a
lo

ng
 ra

y 
(d

B
)

30

40

50

60

70

80

Figure 2: Channel impulse response for short range
(90 meter), shallow water (depth 9m), close to
surface (transmitter and receiver both at 1 meter
depth) channel
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Figure 3: Transmitted pulse of 41 micro second
width
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Figure 4: BER plot for short range, shallow water
channel, with and without ISI


