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Generic Algorithm with Varying Block Sizesto Improvethe
Capacity of a Wireless Communications Networks
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Abstract: Problem statement: Channel capacity can be an essential parameterwfmeless
communication to improve the link quality. Until wpthe channel capacity has been evaluated by
utilizing Shannon capacity theory, but it presentaghy limitations and restrictions. The objectioés
this study were to: (i) Expose, quantify, presemdl & give a clear and concise exposition of the
mathematical principles of the proposed generioritlygm and (i) Calculate and simulate the SNR, the
BER and the channel capacity for wireless undemviansceiver and compare with the literature
referencesApproach: Contrary to the existing theory (Shannon capattigory that required and
needed of the exact channel state distribution audicularly the precisely estimation of cut-off
threshold profile, so, the bad estimation allowedpgnding transmission even for good channel
conditions), the proposed generic algorithm wasl usedetermine the channel capacity performance
with varying block size input packet information (iKas varied from 50-200) as a function of the
optimum transmit power (from 3.5-7.0 w). This ammb did not require the exact channel state
distribution; but the channel was well modeled #r&l cut-off threshold profile had to be numerically
solved. The iteration results of this algorithm avetilized to calculate and simulate the SNR, tE&B
and the channel capacity for wireless underwatarstreiver performanc®esults. The consultation
performance of channel capacity wireless underwaermunication, obtained with present approach,
were significantly better in any transmission cdiodis (no suspending transmission) because the
proposed algorithm was well suited to obtain resalbout channel capacity. In the other hand, the
amount of transmitted data per resource dependddeochannel conditions was performed. Blocking
is no longer critical if data traffic without or thi sensitivity has to be served. Data rate resudtse
allowed of the users to be satisfied because ofmeted to achieve a certain guarantees. This was
attributed to higher SNR, a lower BER and an oplticfzannel capacity value with the minimal
transmission poweConclusion: These results indicated that using this genegorghm can enhance
and optimize the link quality and the performantaiveless underwater communication.
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INTRODUCTION for an arbitrarily small BER without any delay or
complexity constraints. Many studfe® are elaborated
In wireless communication and particularly in to optimize the Shannon capacity with perfect clehnn
wireless underwater communication, mobile radi&din side information at both the transmitter and reeeiv
usually exhibit severe multipath fading that yieldsEssential disadvantages for this approach condesn t
serious degradation in the link-to-noise ratio (3MRd  transmitter power and rate according to the channel
consequently leads to higher Bit Error Rate (BER).state: allocate higher power levels and rates @mdg
Fading compensations like increasing link budgetchannel conditions, lower power levels and rates fo
margin or interleaving with channel coding areunfavorable channel conditions and suspend
typically required to improve link quality; however transmission when the SNR is lower than a cut-off
these techniques are designed relative to the wasst threshold. In this study, we propose an algorithm
channel conditions, which results in low channelscheme with varying block sizes which does not irequ
utilization. Transmission power, determined witte th the exact channel state distribution; but, the obais
proposed algorithm, has been proven to be an efifici well modeled, the cut-off threshold has to be
approach to improve the link quality and increase t numerically solved. The iteration results of this
channel capacity. Shannon capacity of a channallgorithm are utilized to calculate and simulate NR
defines its maximal possible rate of data transmiss and the BER for Wireless underwater transceiver
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performance. Numerical examples based onwhere, B is the channel bandwidth. Note that the
mathematical analysis are provided to show theptimal transmit power depends only $MR(x), once
effectiveness of the proposed algorithm. And toeapp SNR(x) is defined, the transmit power is determined.

that the generic algorithm is robustness, simplesE he ch | b foctl imiated
accurate and is therefore utilized to extract gatie ven, the channel state can be perfectly estimage
thethe transmitter, the exact distribution of SNR tade

crucial parameters required, especially, for . d A ol q ine th h
underwater communication system: like the link &ign estimated. A possible way to determine the powesmw

to Noise Ratio (SNR) and the higher Bit Error RateYOU can to estimate the probability distributionSNR

(BER). and then solve (3) to g&NR(x) (this parameter has to
be numerically solved). Many property of the cutoff
MATERIALSAND METHODS threshold are deducted, determined and given filwm t
following study for these cases:
In this study, we describe a generic algorithm  Let X>0 be a random variable denoting generic

utiized to determine the channel capacity, SNRSNR, satisfying E[1/X< «:

BER,... of the wireless underwater communication.

The proposed algorithm based on the varying size Obefineeb):T[l _1] p@)de ) 1 4)
the transmission information data was detailed as o\P P

method of research and to respond to: How did

precisely determine about solving or making progres Where:

on the problem. This provided sufficient detailatow  p =SNR(x)

the work to be repeated by others. p = SNR(x)

Mathematical analysis. In wireless communications,

transmission power is efficient approach to improve
network capacity. Let SNR denote the signal-to eois
ratio and P(SNR(x)) be the transmit power, which

Then GEBNR(x)) is decreasing iBNR(x) and
Eqg. 3 has a unique zero point which lies in (ONIgting
that:

depends to an average power constraint: — E(SNR (%
G(BNR(x)= 1 FENR(X)
) B SNR(x) 5)
[P(SNR(x))p© )d@ X F (1) B
0 SNR(x)SNR(X)
Where_: . . . Where:
E@) = The probability density function of SNR G = Continuously differentiable
P~ = Aconstant F = Determined with direct computation gives by:
Then the optimal transmission power is: _ -
P P G'(SNR(x)= —M)s 0 (6)
I, [SNR(x)]
P - )
P(SNR — SNR(x) SNR(x) 2
( o)) { 0 @ Implying G(SNR(x)) is strictly decreasing in
SNR(x). Evidently:
Where, SNR(x) is the cutoff threshold that satisfies the lim G(SNR(x))= oo , lim,, G(SNR(x)) = 0 )

following equation:

Which combined with (6) implies (5) has a unique

« {Smi(x)‘s,\,plg(x)}p(e)d(@Fl (3)  solution. Obviously:

SNR(x)
1

8
GENR (X))p(e)d@)]s 0 (8)

o GW)=-[FW)+
The channel capacity is given by: 1

« . _ Which combining with (7) implies the solution of
B[log, (SNR(x)/ SNR(x))p@ )d@ | (5) lies in (0, 1). Noting that:
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G(SNR(x)) sequence with finite second order moment. To prove
1 L ©) the study, it suffices to verify the conditionstbf
=E[[ - jl[xs , 11 Verification is straightforward and compared with
G(SNR(x)) G(SNR(x)) G(TR(X»} results of'. Note that, for any givep:
where, | is the indicator function, the solution of Ele%(pkZe:) FJ<N/p*NE(L/X%)<e0 (14)
G(SNR(x)) = 0 can be solved by stochastic

This is bounded for any k.
In the other hand, if assume the channel state as
stationary and ergodic (same E[1}%o for somen>2).

approximation. For this purpose, we define a seggien
of step sizes. Denotg a 1/K", K>1,y[J(0.25, 1), which

satisfy: B
Let G’((p) = —17':2@ . Then, we have;
o o p
Ya=wY <o (10)
K=1 K=1

Py _Ek
S Tk 0L N(,S) 15
To design the optimal transmission power scheme \/a % (13)

with varying block sizes, we choose to update the
estimation of GENR(x)) block by block with each Where:
block consisting of N symbols whose varies fromp1 t
200. Let X(L) denote the channel state of the L-th 1 1
symbol of the k-th block and Z= (X(1), var o X lxsi)
k
X(2),.... %(N))". Then, the parameteSNR(x) is $= — (16)
_ N(-G'(p))
update as follows:

(SNR(Y,+a T, (SNR(.Z, ) " When p« — P, With probability one, we can
SNR(x),,, = SNR(O) else (11)  obtain:

With SNROQ+ATNSNR ()0 Zk:)U(0, 1); where:  jime(e Jr] = E[Ty(piZ)-G(p)]2= vaf({l _ﬂ bz )/ N

Py
T ( ) = lZN“ 1 - 1 | -1 . . .
NYTINGISNR(X)) | X (L) | eerozsRe Moreover, using the Holder's inequality and the
assumption:
Convergence and efficiency: Equation 11 is a standard |imw8un<E[82k|[|ngT]] =0,0T>0 (17)

stochastic approximation algorithm, whose

convergence can be given by adapting the next study |, the algorithm (11), the parameter N varies from
with®*. In the other hand, if assume the channel state’s_o00 The smaller N EN<200), the more frequently

stationary and ergodic, as: the cut off threshold is update, but in this caBiRE&),
_ can be variant along iterations; on the other héod,
lim_p, =p, (12)  Jarger N(20<N200), the cut off threshold is less
frequently updated, but the SNR(xhas smaller
Note that (11) can be written as: variances.
{pkﬂ =Py A& Yk (13) RESULTS
Y =G(py) +&

To show the effectiveness of the proposed
algorithm with varying block sizes, let us give som

Where: application results in terms of the wireless undeew
P = SNR(x) communication performance like SNR, BER and
1 = <O €100 Z) ~GPy) channel capacity with an optimal transmission power
for different modulations and codes. Recall to: In
LetF =0 (Z1, 2, ..., 4). Since Efn(pw, Zw1)|  wireless communication and particularly in wireless

EJ = G, {(ew Fx ), k=1} is a martingale difference underwater communicatifh mobile radio links
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usually exhibit severe multipath fading that yields Power sonsumption unit”!
serious degradation in the link signal-to- noigéorand / h
consequently leads to higher bit error rate. The ;

=

multipath fading environment can be characterized b S
variety of models (Rayleigh-L-model, Nokagami  _ oogl--~" e
model ...J". In the other hand, with the object to < , | -+ :
summarize the major results in relaton to any &
hypotheses advanced in this study and obtaineddbase § 0.04 3= : E
on the generic algorithm, we presented, in thefalhg & 002 :
subsections, a higher SNR, a lower BER and an aptim ol
channel capacity with minimum transmit power. 1000 ; ,

Transmission power: To solve the optima&NR(x),, -
G(SNR(x)) is evaluated by numerical integration and Distance (m) 0o
the optimal SNR(x), is computed and with parameters

m=0.7, w=0.6 we can obtain the optim Fig.1: Consumed power with transmission distance
SNR(x), = 0.42. and frequency

The channel gain is Nakagami-m distrib{tt! _ _ _
and the received SNR has the gamma distributioFonsider Rayleigh fading channel on AWGN channel,

x10%

Frequency (Hz)

expressed as: with parametersu = 1.75, ¢ = 0.4. Running the
proposed algorithm based on varying block size& wit
p(y.8,m)= @™ /I (m)p™* & (18) N =5and N =200 yieldsNR(x), = 0.75; showing that

when N = 200, SNR(x)converges to the optimal value

. 2] . . . . .
Compared wittf?, Rayleigh distribution with a very quickly. The background noise of the system is

random mode/Y can be expressed as: fixed through out the simulations. Under, the siatioh
, results of relative signal to Noise Ratio versus
p(x/Y)=(x/Y)exp(-x"/2Y) (19)  frequency. The SNR’s varying between 70 and 50 dB

-, , , from a maximum distance of 10 Km, with several
In these conditions, the transmit power requiced tfrequencies from 1-20 KHz that's in completely

tran_smit a Qac'?"‘t of data decrea;e to any Qfea“‘*Xt harmony and in a good agreement with Stojanovic

(ratio of 107) with many frequencies, for a distance of gimyjation resulf§”. As for that, the noise level is

1 Km. - , calculated to achieve 70 dB SNR at maximum range.
l_:or transmitting the packe‘g of data from emitter t This SNR level ensures about i®it Error Rate on

receiver, the total energy received and detectethby AWGN channel and multi-path Rayleigh fading

receiver after 1 Km is 0.1 mW for the emission powe : :
is 0.1 W. Figure 1 shows the consumed power that’ghannel' To evaluate the impact on SNR and in the

varying to 100 mW with 1 Kbits s&tinput data rates, Other way, we can determine the Symbm error rate a
in v}\:high emitter and receiver are arrapnged linearty  then. we deduct the SNR. The relation betweghig=
are separated at distance d = 1 Km for the depth di"d SNRs:

approximately 100 m.

Signal-to-Noise Ratio (SNR): In the wireless [N] :[Eh
underwater communication, the bandwidth will likely * °/® *°
be much higher than the data rate, so that thesyst =3NRdB—10|og(Bj+ 10log}

can operate at very low Signal to Noise Ratio (SNR) B

This means that a wireless underwater communication

network will be able to achieve high data rateshwit Where:

relatively low transmit power. A key point isat: R = the signal’s bit rate

In this regime, the capacity increases almost liyea B = the signal’s bandwidth

with power, whereas in the bandwidth limited regimeK = the number of bit per symbol

(high SNR), capacity increases only as the logarith

of signal power (which means that a linear increase The conditional symbol error rate, compared and
in data rate requires exponentially mopewer).  adapted with¥, is given by:
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E, . ] 1 i E, Table 1 summarized the results (in terms of
R epsk N*‘fl’ :Eerfc \/; cogd) performance) of the wireless underwater receivies li
-0 T BER and transmission power for different modulagion
E, _ 21 and codes with the optimal parameters (SNRM) of
- - N*(COS(‘P)‘S'F(‘I’)) @) the proposed algorithm specified by varying block
E 1 0 .
P gpsk N—b‘¢ :Zerfc - sizes.
L™o ] o .
+(\/N70(COS(¢) * Slr((l)) )J BEE. =t (E b:No} for OPSE modulation V5
- 100 : l
Bit Error Rate (BER): Note that, in general case, on 1] L=+ Comvolution £ =1/2|
the performance and complexity of irregular vamabl
length codes for near-capacity joint source (trahsm 10

power, SNR, BER...) and channel coding. In the other e
hand, total outage capacity of randomly-spread dode A
with linear multi-user receivers over multipath ifagl 1o},
channels, for thus, in the encoder block used ia th
study, the HADAMARD code increases the effective :
receiver BER by providing additional coding gaireT 10¢
coding gain, provided by the HADAMARD code, :
allows one or two tones to fade without significant
impact on the receiver BER. The HADAMARD

scheme provides a significant decrease in BER fo
increasing levels of SNR per bit. The BER perforogan

Fig. 3: BER for QPSK

results have been determined with the maximum SNR [ e L SO MR | V8 sonlton ot
value, the signal interference and particulam{Ng. : B W

Figures 2-5 show a simulated BER for several 1¢-
modulation types as a function of/Ho, in which E is
average energy of a modulated bit of transmitterkgia ‘
and N, is the noise power spectral density. The signal is E 10-
correctly demodulated, if the ,fly ratio have an
acceptable value higher than 15%B It can be seen
that the BER is less than T0for E/No once higher
than 18 dB over the frequency range within the
operating range and that’'s verified only in theeca$ 1ss p 3 5
QPSK with CRC coding followed to convolution E bNo (dE)
encoders.

[

Fig. 4: BER for MFSK4

BEE =t (E b/No) for BPSE moedulation and
= Gde P =Y B =1/} o
femolanag SpT e E{ : l S BER for OPSI modulation
4 BPSK -:g e S o LisIIlllln R LooooooiiIIl Looooooioo . :::
— Convolution R =172 -] —= QPSK without coding ] i

Convolution B 4 -{ —+—QPSK with CRC coding followed convolution encoder
100 L PEK with CRC coding followed 1 il

108

102 ..

103

BEE.
BER

Lirs-
(8]

10 15
E b/No (dB}

Fig. 2: BER for BPSK Fig. 5: BER for QPSK with many encoding
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Table 1: Wireless underwater communication perforcea block size and at the same time by different state¢ke

Modulation/ Optimal _ Trans.  channel (a code of block length N comprises a $et o
channel gain parameters: N, _ Coding POWET codeword: N varies from 50-200). Indeed, the optima
model SNR(%) rate BER w) L . .
BPSK/Nakagami  75: 0.12 1 270 35 transmission power in thg cut-off thr_eshold suffide
BPSK/Rayleigh 50: 0.16 13 4,550 41 achieve some wireless link properties. On the other
QPSK/Nakagami  100; 0.42 1/2 730 6.0 hand, since the Multiple Access (MAC) and intuitive
MFSK4/Rayleigh  100; 0.32 112 60 55 method of the channel state information is unabégla
QPSK/Rayleigh  200; 0.75 3/4 1830 70 the computations are less lucid and appear to telg,
degree, on analytical artifices. When we believe th
DISCUSSION capacity to yet remain unchanged, does not yield to

such a simple artifice. On the contrary, it apptyen

Executants the proposed algorithm with Val‘yingrequires more complex calculations

block sizes input packet information which does not
require the exact channel state distribution, bitlh &
precise channel model allowing the cut-off thredhol
profile has to be numerically solved by the running
algorithm iterations, all the optimal wireless undater

CONCLUSION

The transmission power is a very efficient and an

communication parameters are easily and accuratefjiPOrtant property in wireless networks. In thiads,

obtained, as channel capacity, SNR, BERAmong
the results obtainable using the generic algorittim,

we proposed a generic algorithm specified with vayy
block sizes input data information. The optimalnsilg

SNR simulations are taken from underwater wireles{0-N0ise ratio is evaluated and determined by nigakr

communication specifications giving N varies frof+5
200. Performance
channels; AWGN channel, Nakagami
Rayleigh channel. Proposed method is evaluated! for
different cases: N

algorithm shows the best SNR performance compare

with the literature references because for ave&dR

values greater than 5 dB and performs highly seesit
to channel selectivity. It can be noticed that he t
region of high values of SNR, channel estimatep &to
act as deteriorating factor, but since all consder
estimators depends on channel estimates, bad

performance in the region of low values of SNR is1.

expected.
Here is another result concerning BER,;
Examination of Fig. 2-5 shows that BER is inversely

proportional to the delay spread. In the procebks, t 2.

BER was calculated using equations (20) and (2d) an
simulated with the generic algorithm. Note that the
value of the BER is compared from the simulated
BER’s obtained from the generic algorithm and the
calculated BER’s from the prediction equationss It’

clear, from Table 1, that the BER produces the &iwe 3.

value for underwater wireless communication with
QPSK modulation in AWGN-Rayleigh channel
(BER =1, 8.10).

Finally, channel capacity has been proven to be as.

efficient element to improve the link quality. Our
strategy or approach supposed that the capacity of
varying channel equals the capacity of an ordinary
memory less channel with additive Gaussian noise of
power for the same input information with varying
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integration and
is evaluated for three differen@nalysis. Then, we developed some properties as:
Channe|,transmission power, receiver SNR, BER for the
wireless underwater communication. These results ar
= 50, 75, 100 and 200. The g';energiven to show that the proposed algorithm worksyver
ell and in the other hand, has indicated thatgi#iis

generic algorithm can enhance and optimize the link
quality and the performance of wireless underwater
communication.

it's computed with mathematical
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