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Abstract
Using the underwater acoustic channel (UWA) for information dissemination requires a high data rate. However, some 
phenomena like refraction, reflection, phase shift, and high attenuation are undesirably apparent when the subject of using 
UWA is raised. Accordingly, sound communication would be a highly challenging task to be accomplished. Therefore, 
proposing a model of acoustic underwater communication channels is critical because of the multipath interference 
originating from the surface and bottom of the ocean. In this contribution, a straightforward geometry channel model for 
vertical and horizontal marine communications is presented. To do so, transmission loss and channel impulse response are 
analyzed as a function of transmitter and receiver distance, water depth, and reflection rate. The results of the model 
proposed in this paper are in very good agreement with those available in the literature. Initial findings indicate that the 
delay spread of horizontal communication with a 1 000 m range reaches79 ms and 0.3 s for 30 m vertical communication.

Keywords  Geometry channel model; Multipath propagation; Transmission loss; Channel impulse response; Vertical 
acoustic communication; Horizontal acoustic communication

1  Introduction

Underwater wireless communication has become a high‐
ly competitive topic due to the growing number of civil 
and military applications of ocean monitoring and informa‐
tion transmission. Underwater acoustic channels are chal‐
lenging to communicate because of their features like 
strong multipath propagation, Doppler shifts, and high at‐
tenuation (Stojanovic and Preisig, 2009; Abdelkareem, et 
al., 2011).These variables can have an impact on the effec‐
tiveness and capacity of communication channels because 
they produce frequency-selective fading in the frequency 

response of the channel. This fading originates from the 
time propagation of the transmitted signal caused by mul‐
tipath propagation. The high frequencies are quickly ab‐
sorbed over large distances underwater, and the underwa‐
ter channel cannot use them. The acoustic signals are the 
best candidate for underwater communication, because 
they can operate at a distance of several kilometers. More‐
over, they take advantage of having frequency ranging 
from tens of hertz to 1 MHz (John Heidemann, et al., 
2012). Modeling underwater acoustic channels provides 
an effective method for channel analysis by considering 
the effect of fundamental underwater environment parame‐
ters on acoustic channels.

A signal traveling from a source to a receiver does not 
always take the shortest path. However, it generally suffers 
from bottom and surface reflections and also refraction 
due to the differences in sound speed (Hui and Sheng, 
2022). Inter-symbol interference (ISI) is a phenomenon 
whereby several replicas arrive at a recipient at different 
times, resulting in distortion of the transmitted signals in 
shallow water conditions (Coates, 1994; Elamassie, et al., 
2018). Therefore, efficient solutions for underwater acous‐
tic communications necessitate multipath analysis, which 
requires accurate channel modeling of the underwater com‐
munication system.

Researchers have recently focused on multipath propagation 
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analysis models in underwater environments. Widiarti et al. 
(2018) analyzed the heights of the transmitter and receiver 
at various distances to offer a simple, effective multipath 
geometry-based channel model for time-reversal communi‐
cation. They indicated that multipath analysis is a funda‐
mental matter in underwater acoustic horizontal channel 
communication. Zhou et al. (2019) developed a geometry-
based model to simulate multipath scattering scenarios be‐
tween the transmitter and the receiver that communicate 
horizontally. The effect of scattering environments on 
propagation characteristics was explored with little com‐
plexity using a rectangle to describe the communication 
environments of the ocean’s vertical cross-section. The an‐
gle of arrival distribution for the propagation multipath 
model in a UW channel with incoherent scattering from 
the surface and the bottom was estimated in (Rawat, et al., 
2020) where the transmitter and receiver positioned on 
horizontal line. Incoherent scattering has been added to the 
dispersed field with high-frequency acoustic waves or 
rough boundaries. Such a representation could help create 
efficient and accurate high-frequency communication sys‐
tems between mobile UW and surface platforms. A chan‐
nel model for non-stationary wideband UWA was pro‐
posed in (Zhu, et al., 2021). This geometry-based stochas‐
tic model incorporated multiple motion effects between 
the transmitter and receiver in a horizontal communica‐
tion, time-varying angles, distances, cluster locations with 
channel geometry, and ultra-wideband property, making it 
more realistic and capable of supporting extended time/dis‐
tance simulations. Based on previous literatures, most 
channel models provide the description to the multipath 
propagation in an environment where the transmitter and 
receiver communicate horizontally.

In the light of delayed receiver copies creating interfer‐
ence intersymbol, the propagation delay of multipath com‐
pared to the direct path is a crucial characteristic in the un‐
derwater channel that influences system performance.

The contribution of this paper, a geometric channel mod‐
el is proposed to represent multipath propagation based on a 
triangle to describe the characteristics of shallow water 
acoustic for vertical and horizontal communication where 
the current models and simulators describe only the horizon‐
tal communication. The proposed model combines direct 
and reflected paths, and it is expected to be randomly dis‐
persed over the ocean’s floor and surface. In fact, this study 
analyzes the effect of multipath propagation on channel’s 
impulse response and transmission loss for vertical and hori‐
zontal communications by using mathematical formulas. 
The formulations are for spreading loss as a function of dis‐
tance and for absorption loss as a function of frequency to 
determine transmission loss at each link and provide a mea‐
surement of the received signal strength. Due to variations 
in the lengths of the original signal paths and the delay 
spread, signals traveling by multipath propagation arrive at 

the receiver with varying arrival times and amplitudes.
This paper is organized as follows: In Section 2, the 

channel characteristics theory employed in communica‐
tions at UWA is presented. In Section 3, a new channel 
model for geometry is depicted. A comparison of the sug‐
gested model with the results of the Bellhop simulator is 
made in Section 4. Eventually, findings and discussion are 
presented in Section 6.

2  UWA communication channel characteristics

The primary characteristics of a channel model, includ‐
ing propagation delay, absorption and spreading loss, and 
transmission loss, must be understood before introducing 
the proposed model. Because the underwater channel suf‐
fers from time-varying multipath and low sound speed, a 
scattering delay of more than 100 symbols occurs and 
causes intersymbol interference (ISI) (Abdelkareem, et al., 
2016). The channel model assumes that the wave propaga‐
tion is a combination of the multipath and direct path re‐
flections, as demonstrated in Figure 1. Due to bandwidth 
limitations, the signal sensitivity of a multipath propaga‐
tion environment changes with time and is heavily influ‐
enced by transmitter and receiver position. The initial re‐
flection of the ocean’s surface is shown by the green path, 
whereas the red path represents the initial reflection at the 
bottom of ocean. The vertical and horizontal connection 
settings are critical in determining the rate of multipath 
propagation (Lou and Ahmed, 2022).

The intensity decay with increasing range is described 
by transmission loss (TL), which is measured in decibels. 
The value of TL is calculated using total spreading and at‐
tenuation loss (Coates, 1991):

Figure 1　Multipath layout reflections in the communication channel
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TL ( )f = 2αz + k log10 (r ) + a ( )f r, (1)

where r is the propagation range in meters that describe 
the propagation length of both direct path and multipath. 
Because the transmitter and receiver are both toroidal 
beam-shaped transducers, the attenuation αz in the zy and zx 
planes is fixed at 15 dB, k is the spreading factor chosen to 
account for the spreading loss. The second term of Eq. (1) 
determines the spreading loss through spherical or cylindri‐
cal spreading. Because attenuation rises with frequency for 
every unit distance, this influence may be severe in shal‐
low water at very high frequencies. The fundamental loss 
rule for spherical spreading with k = 20 is the “inverse-
square law,” which characterizes the intensity I (r ) at a dis‐
tancer with respect to the intensity at a range of 1 m used as 
a reference. Cylindrical spreading law, with k = 10, may ap‐
ply instead of spherical propagation circumstances when 
the water acts as an acoustic waveguide owing to reflec‐
tions between the sea surface and bottom. Due to the fact 
that low-frequency sound is especially well-penetrated 
through the seabed, and also boundary reflections are high‐
ly dependent on both the sea state and the bottom material 
characteristics, the cylindrical rule attempts to under-esti‐
mate loss. In computations, a “practical” law is selected as 
an intermediate when k = 15 is between the spherical and 
cylindrical norms. The third term of Eq. (1) represents atten‐
uation in the water, which is mostly produced by viscous 
friction at frequencies over 1 MHz. When the signal’s fre‐
quency lowers, the attenuation value for saltwater is lower 
than the value for pure water because of a combination of 
molecular resonance phenomena. The presence of magne‐
sium sulfate in saltwater solution begins to affect an addi‐
tional attenuation above the distill water loss at frequencies 
lower than 500 kHz, ultimately elevating the attenuation ef‐
fectively by a factor of roughly 18 for frequencies lower 
than 70 kHz. Despite its low quantity in the ocean, boric ac‐
id causes a consistent 16-fold increase in the reduction at 
frequencies lower than 700 Hz.

The next equations are related to calculating α ( f ):
α ( f ) = α1 + α2 + α3 (2)

where,

α1 = af 2,    (Freshwater attenuation) (3)

α2 = b f0 (1 + ( )f0 f
2

),    (MgSO4 Relaxation) (4)

α3 =  c f1 (1 + ( )f1 f
2

),   (Boric acid relaxation) (5)

a = 1.3 × (10* exp ( − 7) ) + 2.1 ×

( (10* exp ( − 10) ) (T − 38) 2 (6)

b = 2S × (10* exp ( − 5) ) (7)

c = 1.2 × 10− 4 (8)

f0 = 50 × (T + 1) (9)

f1 = (10) (T − 4) /100
(10)

The salinity is denoted by S in h, the temperature by T in 
Celsius, and the frequency by f in kHz.

3  Proposed geometry channel model

As mentioned in Eq. (1), for computingr we need first to 
determine the propagation delay for direct and multipath 
and multiply by speed sound, so it is essential to model a 
channel that describes the direct and multipath propaga‐
tion delay to compute the transmission loss for each path. 
The suggested propagation geometry model employs a tri‐
angle to represent the multipath propagation in shallow 
water communication channels, supposing that multipath 
reflection happens randomly at the surface and bottom of 
the ocean. Direct path propagation delay TD is determine‐
daccording to the velocity formulation expressed as:

TD = L/c (11)

where L is the distance between the transmitter and receiv‐
er as a direct path and c represents the sound speed. Ac‐
cording to the proposed model, the value of receiver depth 
DR varies with respect to transmitter depth DT and the sep‐
aration distance L between the transmitter and receiver. As 
indicated in Figure 2a, DR is computed depending on the 
angle between the water column and the transceiver’s ver‐
tical line, where θ=0° represents the vertical connection as 
shown in Figure 2b and θ=90° for the horizontal connec‐
tion, as indicated in Figure 2c. When θ=0, the depth of DR 
is computed based on DT and L as indicated in Eq. (12) 
while when θ =90° , the depth of DR is computed based 
on DT.

DR = DT − L* cos (θ ) (12)

Figure 3 shows that whether the signal is moving in a 
straight line or a multipath, the propagation delay may be 
determined by using the Pythagorean theorem of right tri‐
angles. The hypotenuse duration represents the required 
time for one reflection to travel from a transmitter through 
the medium toward a receiver. Assumed reverberations 
may be divided into two categories: surface reflections, in 
which the first reflection takes place on the surface, and 
bottom reflections, in which the initial reflection takes 
place on the seabed.
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3.1  The propagation delay of surface reflections

Based on the Pythagorean theorem, S constitutes d1, the 
distance between the transmitter and the surface after the 
first reflection, and d2 is the distance from the surface to 

the receiver. After providing an extension to d1, Sx is the 
side next to the hypotenuse, and Sy is the side opposite the 
hypotenuse and can be given via the following relations:

S = Sx² + Sy² (13)

Sy = DT + DR (14)

To calculate Sx, it is observed in Figure 4 by considering 
two transient vertical line segments from points T and 
R that are parallel to each other and intersected by a blue 
diagonal line, and the resulting angles will be equal in 
pairs (alternate angles) and θ = θ1. Also,

θ1 + θ2 = 90 ⇒ θ1 = 90 − θ2 (15)

cot (θ2 ) =
Sx

DT − DR

, (16)

∵ θ = θ1, ⇒  ∴ tan (θ ) =
Sx

DT − DR

(17)

Sx = ( DT − DR ) tan θ (18)

For the number of reflections, N, the multipath propaga‐
tion is represented as shown in Figure 4.

To represent the multipath propagation in this situation, 
Sx is unaffected by reflections while Sy changes, resulting 
in an extension of d1, d2 and d3.

It is assumed θ1 and θ2 are two consecutive reflection an‐
gles, the trigonometric angle d1 with θ1 and the trigonometric 

Figure 2　Locating the depth of the receiver

Figure 3　Multipath surface reflection using the Pythagorean theorem

Figure 4　multipath propagation for N=2
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angle d2 with θ2, the following relations hold:

θ2 = 180 − θ1 ⇒ sin (θ2 ) = sin (θ1 )
and cos (θ2 ) = cos (θ1 ) (19)

∴ tan (θ2 ) =− tan (θ1 ) ⇒ m (d2 ) =− 1*m (d1 ) (20)

where θ1 and θ2 are two arbitrary consecutive reflection an‐
gles. Therefore, it can be written that:

∀i ∈ N   m (di + 1 ) =− 1*m (di ), (21)

by taking absolute value for two sides:

∀i ∈ N     |m (di ) | = |m (d1 ) | (22)

Both consecutive reflection lines have the same slope as 
the opposite sign. According to the latter relation, all the 
reflection lines can place along the first reflection line al‐
lowing the creation of the vector S that moves horizontally 
and vertically, as shown in Figure 5.

For every number of surface reflections, n, between 1 
and N, the propagation delay is calculated as:

Syn
= DT + ê

ë
êêêê ú

û
úúúún

2
2DW + ( − 1) n + 1

DR (23)

where DW is the water depth. To demonstrate that Eq. (23) is 
valid for all natural numbers approved by induction is used, 
the following procedure is adopted with figures, approve by 
induction assume first the equation is true when n=1 then it 
must be true when N=n+2. Again, approve by induction 
assume the equation is true when n=2 then it must be true 
when N=n+2:

Suppose n=1.

Sy1
= DT + ê

ë
êêêê ú

û
úúúú1

2
2DW + (( − 1) 1 + 1

DR ) ⇒ Sy1
= (DT + DR )

(23a)

Suppose n is an odd natural number, so n ∈  NO =

{ 1. 3. 5. … }. Assume Syn
 is correct, to prove Syn + 2

 will be al‐

so correct. Suppose n increases by two units.
Accordingly, two consecutive reflection vectors with op‐

posite slopes are added to the previous set of reflections, 
the first reflection vector coming from the sea level to the 
depth of the sea and the second reflection vector going 
from the ocean’s depth to the sea level. Each of these two 
moves by DW on the vertical axis. Hence, the total dis‐
placement increases by 2DW as shown in Figure 6.

Syn + 2
= Syn

+ 2DW (N=3) (23b)

Syn + 2
= DT + ê

ë
êêêê ú

û
úúúún

2
2DW + ( − 1) n + 1

DR + 2DW (23c)

Syn + 2
= DT + (êëêêêê ú

û
úúúún

2
+ 1)2DW + (( − 1) n + 1

DR ) (23d)

Syn + 2
= DT + ê

ë
êêêê ú

û
úúúún + 2

2
2DW + (( − 1) n + 1

DR ) (23e)

∴ Syn + 2
 is correct by Eqn (22).

For natural odd number approving by induction is applied:

∀n ∈  NO ; Syn
= DT + ê

ë
êêêê ú

û
úúúún

2
2DW + (( − 1) n + 1

DR ) (23f)

Suppose n=2 as shown in Figure 7, by Eq. (23)

Sy2
= DT + ê

ë
êêêê ú

û
úúúú2

2
2DW + (( − 1) 2 + 1

DR ) (23g)

Sy2
= DT + 1*2DW + (( − 1) 3

DR ) (23h)

Sy2
= DT + 1*2DW − DR (23i)

Figure 5　Equivalent model for multipath propagation when N=2

Figure 6　Surface reflections when N=n+2 with n=1
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Suppose n is an even natural number, so n ∈  NE =
{ 2. 4. 6.… }.

Assume Syn
 is correct, to prove Syn + 2

 will be also correct. 

Suppose n increases by two units.
So two consecutive reflection vectors with opposite 

slopes are added to the previous set of reflections, the first 
reflection vector coming from the sea level to the depth of 
the sea and the second reflection vector going from the 
ocean’s depth to the sea level.

Each of these two moves by DW on the vertical axis. So 
the total displacement increases by 2DW on the vertical ax‐
is, as shown in Figure 8.

Syn + 2
= Syn

+ 2DW (23j)

Syn + 2
= DT + (êëêêêê ú

û
úúúún

2
2DW ) − (DR ) + 2DW (23k)

Syn + 2
 is correct by Eqn (23).

For natural even number approving by induction is applied:

∀n ∈  NE  ;  BSyn
= DT + ê

ë
êêêê ú

û
úúúún

2
2DW + (DR ) (23l)

One can conclude that Eq. (16) is valid for all natural 
numbers.

The propagation delay for any number of reflections is com‐
puted depending on the velocity formula and Eq. (13) as follows:

S= S 2
x +S 2

y

= ( ( )( )DT−DR tan θ
2
 +( )DT+é

ê
êêêê ù

ú
úúúún

2
2DW+( )( )−1

n+1
DR

2 )
(24)

TSn =

( )( )DT − DR

2
tan2θ + ( )DT + ê

ë
êêêê ú

û
úúúún

2
2DW + ( )− 1

n + 1
DR

2

c

(25)

3.2  Bottom reflections’ delay in propagation

The same procedure is utilized to compute the time it 
takes for a single bottom reflection to propagate. As can be 
observed in Figure 9 and the associated equation, the num‐
ber of reflections has no effect on Bx but it has on By.

Suppose θ1 and θ2 are two consecutive reflection angles, 
the trigonometric angle d1 with θ1 and the trigonometric 
angle d2 with θ2.

B = Bx² + By² (26)

By = DT + DR (27)

To calculate Bx, by considering two transient vertical 

Figure 9　Pythagorean theorem for multipath bottom reflections

Figure 7　Surface reflections when N=2

Figure 8　Surface reflections when N=n+2 with n=2
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line segments from points T and R that are parallel to each 
other and intersected by a blue diagonal line; as shown in 
Figure 10, the resulting angles will be equal in pairs (alter‐
nate angles) and θ = θ1.

Bx = ( DT − DR ) tan θ (28)

For every number of bottom reflections, n, between 1 
and N, the propagation delay is calculated as:

Byn
= é

ê
êêêê ù

ú
úúúún

2
2DW − (DT + ( − 1) n + 1

DR ) (29)

B = B2
x + B2

y =

 ( ( )( )DT − DR tan θ
2

+ ( )é
ê
êêêê ù

ú
úúúún

2
2DW − ( )DT + ( )− 1

n + 1
DR

2 )
(30)

TBn =

( )( )DT − DR

2
tan2θ + ( )é

ê
êêêê ù

ú
úúúún

2
2DW − ( )DT + ( )− 1

n + 1
DR

2

c

(31)

4  Simulation results

The simulation results for the suggested channel model 
are presented in this section. MATLAB software is used for 
system design. Table 1 displays the simulation parameters.

A pressure reflection coefficient of −1 is typical for nor‐

mal incidence waves at the ocean’s surface boundaries (Por‐
ta, 1998). In contrast, a pressure reflection value of 1 is typi‐
cal for waves reflected from the ocean bottom. At the re‐
ceiver, these even surface reflections contribute construc‐
tively, while odd surface and bottom reflections add destruc‐
tively. Figure 11 shows the channel impulse response of 
multipath propagation between the source and receiver for 
two cases (a) horizontal communication at θ = 90° and (b) 
vertical communication at θ = 0°. It is found that the echo 
delay spread in the horizontal communication channel last‐
ed more than 79 ms due to multipath propagation, while in 
a vertical communication channel, it was 333 msec. The 
large delay spread in the vertical case appears due to the 
short distance between the transmitter and receiver, so the 
direct path arrives in a short time while the multipath ar‐
rives at a long time. The multipath propagation causes sig‐
nals to arrive at the receiver with different arrival times, 
amplitudes, and phases because of differences in the 
lengths of the original signal paths and the delay spread. 
The propagation delay of multipath relative to the direct 
path is a critical parameter in the underwater channel that 
affects system performance due to the delayed copies of 
the receiver introducing interference intersymbol.

The Bellhop simulator (Morozs et al., 2020) implements the 
same configuration parameters (DW, DT, DR, L = 1 000, f ) 
as shown in Figure 12 for horizontal communication, where 

Figure 10　Alternate angles for calculation Bx

Table 1　The simulation parameters

Parameters

Transmitter depth (m)

Temperature, T (℃)

Salinity, S

Frequency, F (kHz)

Spreading factor, k

Values

40

14

35

12

15

Figure 11　Communication CIR with DW = 50
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the red path relates to a signal that starts at the sea floor 
and gradually refracts upwards or diverges upward as they 

reach a steep positive sound speed gradient, where at the 
point they refract downwards. The green signal channel 
reaches the receiver by reflection from the water’s surface 
and/or bottom. Because of the greater diversity of possible 
paths reflected off the sea surface and rough sea bottom, the 
black paths correspond to additional multipath components 
arriving at the receiver. When comparing the delay spread 
findings of the new suggested model in horizontal case 
where θ = 90° in Figure 11(a) 79 ms with the Bellhop simu‐
lator (Morozs, et al., (2020) in Figure 12(b) 78 ms in hori‐
zontal communication, the results seem to be coincident 
and in good agreement. The distinction is caused by the 
number of reflections utilized to indicate propagation delay.

To better understand how various parameters influence 
multipath propagation as shown by the delay spread and 
the calculated channel impulse response due to the delay 
spread is important factor that describe the impact of prop‐
agation delay in underwater environment and how we can 
use it in receiver design. These parameters include varia‐
tions in transmitter-to-receiver distance, shallow water 
depth, and reflection number. The multipath pr opagation 
impact was shown to increase with depth while testing the 
suggested new model. Figure 13 depicts the delay spread 
as a function of depth: 79 ms at 50 m, 279 ms at 100 m, 
535 ms at 150 m, and 824 ms at 200 m. The spatial differ‐
ence in the speed of sound in water causes the sound to re‐
flect off the surface and bottom, resulting in multipath 
propagation. Sound velocity is inversely proportional to 
temperature and pressure; therefore, it stays the same be‐

Figure 12　Bellhop’s underwater multipath propagation system

Figure 13　Impulse responses of communication channels at a range of shallow water depths (θ=90°, L=1 000)
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tween 50 and 100 meters deep but slows down between 150 
and 200 meters because of the lower temperatures there.

Another test with varying distances between the transmit‐
ter and receiver revealed that the maximum delay spread is 
0.48 s for channel lengths of 500 and 1 000 meters, respec‐
tively. Moreover, the 500 m range CIR seems to be more 
severe since some of its paths have comparable amplitudes 
to the direct path and the delay spread is more expansive, 
as seen in Figure 14.

Figure 15 demonstrate the CIR at θ = 0° with a different 
number of reflections. The results show the delay spread was 
affected by an increasing number of reflections, 333 ms 
for N=10 and 666 ms for N=20, while the delay spread 
reached1 s and 1.3 s for N=30 and N=40, respectively.

The following figures show the transmission loss for 
each path whose range is determined by the proposed 
geometrical model to describe the CIR taps for multipa‐
th propagation. It turns out that the model has adequate‐
ly interpreted the characteristics of the communication 
channel for both horizontal and vertical communica‐
tions. In Figures 16 and 17, the transmission loss in‐
creases with increasing multipath reflections for two 
cases, horizontal and vertical communications, respec‐
tively, reaching more than 81dB at 1.5 s and 81dB at 1.4 s. 
Transmission loss depends on how much sound spreads 
from spherical to cylindrical. Moreover, the attenuation 
increases by increasing contact distance, intensifying 
the power loss. In shallow waters bounded by the sea 
floor, the grazing angle also affects as rays that have 

grazing angles less than the decisive angle are almost 
completely reflected from the seabed, while sharp rays lose 
much reflection. These figures show that the transmission 
loss of the communication channel increases by increasing 

Figure 14　 Impulse responses of communication channels with 
DW = 50, θ = 90° and varying ranges (L)

Figure 15　Impulse responses of communication channels with DW = 50, θ = 0° and different N
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the number of echoes and the communication distance.
Figure 18 displays testing the transmission loss with dif‐

ferent communication range between the transmitter and 
receiver. Since the propagation loss is a function of dis‐

Figure 16　Transmission loss of horizontal communication channels with L=1 000, θ = 90°, DW = 50, and varying N

Figure 17　Transmission loss of vertical communication channels with L=30, θ = 0°, DW = 50, and varying N
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tance, as mentioned in the transmission loss equation, we 
find this clear in the figures below as the transmission loss 
increases with an increasing range at the same number of 
reflections.

5  Conclusions

In this work, a geometric model of the underwater com‐
munication channel environment based on the triangle that 
simulates multipath propagation delay in vertical and hori‐
zontal communication is proposed. It discusses the multipa‐
th effect induced by top and bottom reverberations and cal‐
culates a communication channel’s impulse response and 
impact as the underwater depth and communication dis‐
tance change. The simulation findings also reveal that in‐
creasing the communication distance and the amount of sur‐
face and bottom reflections increases the propagation losses. 
When the simulation results in terms of propagation delay 
are compared to the previous results, it becomes clear that 
the suggested model correctly represents the behavior of the 
communication channel in the shallow water situation.
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