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Abstract— This paper presents a combination of power control and adaptive modulation performance in wireless sensor networks
(WSN). WSN comprised numerous smart and small sensor nodes with limited power, memory, and processing. Furthermore, there is
an impairment wireless channel between the sensor node and the coordinator node. Energy and spectral efficiency are essential issues
in WSN. These two targets can be reached by applying a combination of power control and adaptive modulation. This work proposes
a power control system to determine the modulation level through feedback SNR value of instantaneous wireless channel condition.
The modulation level continuously changed based on the wireless channel condition. This adaptive modulation increases spectral
efficiency. A better channel condition will drive to switch into a higher modulation level and vice versa. The result shows that the
existence of power control can increase by about 9% of spectral efficiency than a system without power control. The system without
power control just has a 91 % of selection probability, while the system equipped with power control creates a 100 % selection
probability at the same of modulation level (16 QAM). Besides, combining power control with adaptive modulation also adjusts
transmitting power at sensor nodes so that the effective use of transmitting power at the sensor node can be achieved. Combining
power control and adaptive modulation can decrease the power consumption, enlarge the spectral efficiency with specific target bit
error rate (BER), reduce the interference level, and significantly improve the WSN system performance.
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applications operate in a long operating lifetime; improving
[. INTRODUCTION spectral & energy efficiency is an important aspect. The

Wireless sensor networks (WSN) have attracted researcttPECific character of sensor nodes is severe energy

attention. It has become a potential research topic in wireles$onstraints. The limited energy in the sensor node will affect
communication. It was considered as one of the mostthe wireless coverage of sensors, data rate transfer, bit error

prominent technologies due to characteristics, fault rate (BER) of wireless communication, and computational

tolerance, cost-effectiveness, easy deployment, scalabiIity,Capab'I't'eZ' Thelfe IS fa trac_ieoff betSwegn "T“'tled energy-
flexibility, and self-organizing capabilities. WSN are usage and quality of service (QoS) in wireless sensor

usefully deployed in many different fields such as structural communication. Reducing power consumption, i.e., transmit
health” monitoring, home automation, agricultural POWer: under speptral_& energy constraint, thus poses the
monitoring,  healthcare ~ monitoring,  environmental Main challenge in wireless sensor networks. The low

controlling, intelligent transportation system, etc. They were transmitting power sensitively leads to error information in

comprised of numerous intelligent and small sensors nodeW|reless transmission because of attenuation, interference,

equipped with limited power transmitting, routing capability, fa_dmg, and noise in the wireless chan_qel. The Impairment of
and wireless radio communication capabilities. Generally, Wir€less channel degrades the reliability and quality link of

WSN is deployed in complex environments, which are Iessthanetr‘]Nork syste(zjm. tor is al duced by th
human activities. These sensor nodes gather an amount of urthermore, data rate transfer is aiso reduced by the
information about the surrounding environment through impairment channel. L”T”'ta“"“ of sensor nodes (ener_gy and

computational constraints) and impairment of wireless

wireless transmissions such as temperature, pressure; . .
humidity, images, and noise [1], [2]. A battery with limited channel drive to develop a technique that counters the effects

capacities powers sensors. Wireless sensor network?nd improves the bit error rate and data rate transfer level in
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networks system. Modulation and coding channel techniquesefficiency. Therefore, we propose a combination of adaptive
are mostly selected to combat the impairment of channel andnodulation and power control in wireless sensor networks.
increase the energy efficiency in sensor nodes. The levelThe power control technique will directly affect to transmit
modulation and code rate of channel coding adapt to thepower level to maximize spectral & energy efficiency
wireless channel quality changes. It is usually called anefficiently. The coordinator node measures the link/channel
adaptive modulation and coding (AMC) system [3]. Level quality of each sensor node that is expressed in the signal to
modulation considers many bit per symbol; higher-level noise ratio (SNIR. The SNR value represented the
modulation can transfer more bits per symbol and vice versalink/channel condition. It will be a fundamental parameter to
The level modulation is continuously adapted based on thedetermine the level of transmitting power in sensor
changing of wireless link quality. Besides, the code rate of nodes[11], [12]. Sensor nodes will transmit adaptively based
channel coding defines an error detection-correction andon their channel condition. Optimal use of transmitting
bandwidth efficiency. Higher code rate means that the power minimizes interference to enhance capacity and
channel coding has good bandwidth efficiency and weak conserves energy to maximize battery life.
error detection-correction. In contrast, lower code rate
channel coding produces good error detection-correction and [I. MATERIALS AND METHOD
weak bandwidth efficiency. ) )

Various previous studies [4] investigate the power A Adaptive Modulation
consumption level that is affected by transmitting power This proposed architecture is a hydroponic monitoring
allocation, number of sensor nodes in clustered WSN. Somewireless sensor network. In this system, the sensor nodes can
studies explored a cross-layer approach to handle thesense and transmit a vital environment and planting medium
transmission power consumption and maximizing both information in the greenhouse: e.g., humidity, temperature,
symbol error rate and throughput [5], [6]. The system usespH, electro-conductivity (EC), etc. All information
adaptive modulation and channel gain estimated in the firsttransmitted into the coordinator node as depicted in Fig.1.
layer/physical layer and various time slots in the MAC layer. Considering limited power in the sensor nodes, wireless
Combining adaptive modulation and coding (AMC) in the channel impairment, and error rate, as a consequence, we
physical layer and finite-length queuing in the data link layer have to adjust adaptively transmit power in sensor node to
was used to optimize average spectral efficiency, averagdncrease the spectral & energy efficiency, reduce the
throughput, and packet loss rate [7]. The improvement of theinterference and improve the bit error rate. Changing of
retransmission algorithm is based on network coding to getmodulation level and adaptive transmitting power are based
optimal retransmission number [8]. The quasi-cyclic FEC for on the link/channel quality when the link quality is better
detection and correction of burst errors is proposed to reducghigh SNR). As a consequence, the transmit power will be
the number of retransmission by knowing minimum distance reduced, and a higher modulation level is chosen. The lower
among linear codes [9]. The performance of adaptive FECmodulation level and increased transmit power will be
was investigated in [10], it used various metrics such as achosen when the worse link quality. A higher modulation
non-LOS (NLOS)/line of sight (LOS), signal to noise ratio level generates a higher transmission data rate. Besides, the
(SNR) and acknowledgment (ACK)/non-ACK (NACK) to distance between the coordinator node and the sensor nodes
select an optimal FEC. Based on several works also affects the transmit power and modulation level, longer
aforementioned, the main objectives are solving the effectsdistance creates higher attenuation and vice versa.
of impairment channel, increase bit error rate, and data rate
transfer rather than to maximize spectral and energy

Sensor node

Reverse wireless
channel

[mmm (feedback)

|
[
|
[
|
|
[
Coordinator node '

Forward wireless
channel

I
I
I
e o L I
Fig. 1 A system model of combination power control and adaptive modulation

TABLE | Rayleigh variable is generated by two random gaussian
SYSTEM PARAMETERS variablesa, and a; with zero mean and?variance, it is

Parameter Value detailed in Fig.2 [13].

Frequency 2.4 GHz
Modulation BPSK, QPSK, 8 PSK, 16 QAM . 0

Code rate 3/4 < Y

Antenna MIMO 2x2 Ey}’| () P"b"

Channel Rayleigh fading |i|—>|(_)2,—A

Fig. 2 Rayleigh distributed coefficient generator
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The WSN system consists of the AMC and power control  Fig.1 shows a system model of power control and
at the lowest layer (physical layer), the processing unit at theadaptive modulation address to increase data rate and
physical layer is a frame. Consequently, the AMC is adaptedeffective transmit power. Adaptive modulation and power
to a frame-by-frame unit. We assume there are ncontrol system using the received SNR to adjust the
modulation/coding schemes (MCSs) provided at the physicaltransmission parameter. In this work, we use a specific
layer. The number of MCS levels depend on the type of modulation level, i.e., QPSK, 8PSK, and 16 QAM. Channel
modulation instantaneous. Each MCS consists of a specificstate information (CSI) is estimated in a sensor node that is
modulation and coding code pair. Some assumptions aresent back to the coordinator node through a feedback
used, the feedback channel is error-free, and the CSI usinghannel. The adaptive modulation controller selected
training-based channel estimation is assumed to be perfectmodulation Ievel and transmit power level based on this CSI.
Based on the CSI, which is estimated by the channelgased on [8] is the noise densityE denotes the
estimator at the receiver and transmitted over the feedbac
channel, the AMC and power controller determines the
transmit power and chooses the level of MCS. Then, the
transmitter uses the chosen MCS to process the data fram8NR at the time (t) in a sensor nodg{g) =
and transmits the frame with the specific transmit power

and average SNR g =

over the fading channel. No B
SNR can be expressed in function of power adaptation

E(B®) - . .
The signal to noise ratio at the sensor node/receiver ile(ﬁ(.t))' 20 E .Tlhe probe;bnlty dfans?ty functlorT ¢
SNR,,, the coordinator node has a transmit poRigr The IS given by Pg(f) = Zexp (— E)' Adjusting adaptively
relation transmit power,,) and signal to noise ratio (SNR)  transmit powerE () as function ofg with the objectives
is formulated as follows [14]: target BER and average powgrthe upper bound of BER in
coherent M-QAM is

l%ransmlssmn powerg expresses an average channel gain
than assumed@ = 1, B is sighal bandwidth. Instantaneous
Eg®) _ Eg®)

N No B

. Furthermore, instantaneous

B. Sgnal to Noise Ratio and Bit Error Rate

tx

SNR P ) 1)
=X 158 E

i N BER <2 exp( I ﬁl ;ﬁ)>

Where L is an accumulation of the channel attenuation and - (7)

antenna gain both transmitter and receiver antenna, N is the = 2 exp ( 158 E(ﬁ)>

noise power that is expressed Ms= N, x R, with Ny is 2% -1 E

the noise power density ai], is the transmission/transfer Modulation constellation level with specific BER can be
symbol rate which is denoted dksx=% where b is  denoted as

modulation  constellation level, and R is the E(B)
transmission/transfer rate. Considering SNR, energy per bitM () = 1 + 31(_
(Ep), and transmission time per Wif,) are formulated as X 15 o1
follows 1= T 1 T
. with K = _OSBER) (8)
SNR.= 2 1p ) o K, = mazry’ ) = 023,..,N
Ny Maximizing spectral efficiency can be reached by
optimizing
E,= P, xT,and T, = % 3)

Fllog,M(®)] = | logz(lﬂw @ )>Pﬁ(ﬂ>dﬁ ©)

Therefore, the effective power transmitted with specific BER .
with the average transmit power constraint

can be expressed as

1 N, | @ = (10)
P = SNR,, x Nx —= SNR,, x Rg, x — . 0 . .
L L 4 Using the Lagrange method to find optimal power control
= R,xbx No x Ey () that formulates as follows
L N,

JE®)) = f l0gs (1 +Kp @> Py (B)dp

The reciprocal relation between bit error rate (BER) %ﬁ’]d ° (11)
X _
in for QPSK (quadrature phase-shift keying) is formulated as +4 (fo E(B) Fp(B)dp — E)
follows.
dJ(E 1/In(2 K
1 E ]6(E((,If))) - [(1 + z{glé((ﬁ)> /E> - A] Fp(p) =0 (12)
BER = - erfc N_b (5)
E ’ From equation 11 and 12, we get optimal power control :
b -
— = [erfc™! (2 x BER)]? (6)
No = EQ_ 1 1
Hence, the transmit power can be expressed Rs = (13)

Ryxb (%) [erfe (2 x BER)]. E ~ “2Em@) BK
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1 1 Bo

BB _ B BT K pith £
E 0, pg<be E
) K (14) L M M; 1180
K — 1S =1 (M; —1)—, < ,
K = 17 nosBERy’ 1~ = BK' K K withK
- -15 . 0 M, =0
_— — = ]
K2 = fmery | = 23 s an
1= T eprp Yy J =
. . . In(0.5BER
with B, is cutoff value, wheng is large, means the = { 355 o)
link/channel quality is good, and consequently, the sensor V{Z =——, j=23,..,N
nodes transmit higher power. Reversely, srfatheans the In(5BER,)
link/channel is worse, so the transmit power is reduced. The
modulation constellation level also can be determined by
received SNR. IIl. RESULTS ANDDISCUSSION
B In this section, we analyze the role of power control to
M(B) = 7K (15) determine adaptively transmit power and adaptive
Bo modulation scheme according to the feedback SNR at the

receiver (sensor node). This SNR value represents the
channel condition. The power control system makes that
effective use of transmitting power is achieved and also

Received SNR assign the modulation constellation level
by adjusting the threshold by the equation :

MiBy triggers switching of the threshold of adaptive modulation,
hi= K ywith K which is maximizing spectral efficiency. The optimization of
_ —-1.5 . modulation level and transmission power is jointly
K= In(0.5BER,)’ ’ ~ 1 (16) considered.
—L5 , j=23,..,N A. Cut Off Performance

Kz -
In(SBER,) We can calculate variablgg, (cut off) as seen in Fig. 3.

The switching threshold of modulation level is changing
according to SNR varies. The relationship between SNR and
modulation level can be described that when the transmitter
system (coordinator node) receives good SNR so that the
user (sensor node) switches to the higher modulation level.
The lower SNR generates a lower modulation system.

The relationship between power control, transmit power, and
modulation constellation level with specific BER can be
described as follows:

0.5
04| - ~
0.35 - e ~ —

0.3 — _-- < _

cut off
o
N
]
[
\
\
\
/
|

0.2 <

015 N —

01— N -

0.05— ~

6 8 10 12 14 16 18 20 22
SNR (dB)

Fig. 3 SNR and cut off3g)

B. Adaptive Modulation Threshold and Bit Error Rate vice versa. Higher modulation level has more bits per
Based on Fig. 4, the results show that the shifting SYmbol, as a consequence that the data rate is faster. Fig. 5

threshold of adaptive modulation without power control is depicts the bit error rate performance based on variation
affected by the SNR level. The threshold of modulation Modulation level. Higher modulation level needs more SNR

BPSK, QPSK, 8PSK, 16QAM are 7.52 dB, 10.31 dB, 18.4 in specific target BER and yields worse BER in specific
dB, 20.5 dB, respectively. When SNR is higher so that the target SNR. However, a higher modulation level has higher

threshold will be shifted into a higher modulation level and SPectral efficiency.
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Fig.5 Performance of bit error rate
C. Sdection Probability good link/channel condition yields maximal spectral
Fig. 6 and Fig. 7 provide a description of the difference in €fficiency. _ _
modulation level selection probability with power control ~ Meanwhile, the power control system will adjust

and without power control. Adaptive modulation with 2adaptively the transmit power so that the efficient use of
control power changes the threshold modulation level andPOWer is achieved. Based on the results in Fig. 6 and Fig. 7,
adjusts the transmit power according to the link/channel We categorize three regions of SNR: low SNR region covers
condition that as expressed in SNR at the receiver. AdjustingQ — 6 dB, medium SNR region includes 6 — 12 dB, and high
the transmit power gives more accurate used power, making>NR region covers 12 — 18 dB. Low SNR region dominantly
lower power consumption, reducing interference, and Occupied by lower modulation level, i.e., QPSK and 8PSK.
achieving optimal spectral efficiency. The system will In the medlum_SNR region, the selection probability _of a
require to reduce the transmit power and switch to lower l0wer modulation level is decreased, and a higher
modulation levels when the instantaneous link/channel modulation level initially rises. Last, the selection
condition is bad (lower SNR). Reversely, increasing the Probability —of —higher modulation level (16 QAM)
transmit power and higher modulation level will be chosen outperforms —in the high SNR region. Performance
when the link/channel condition is good (high SNR). A comparison between power control and non-power control

the higher SNR region, there is a significantly changing of
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16 QAM performance. When the system without power selected in the high SNR region. Performance improving
control with 16 QAM only has about 91% probability of from 91 % to be 100% probability means that spectral
being used at high SNR region while the system using powerefficiency is increasing, and maximal capacity is achieved.

control that the 16 QAM reaches 100% probability to be

1
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Fig. 6 Selection probability of modulation level without power control (BER 5% 10
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Fig. 7 Selection probability of modulation level with power control (BER 5% 10

D. Utility System

wireless channel fluctuation. Higher SNR means better
link/channel condition while lower SNR denotes worse

Fig. 8 explains that higher utility needs higher SNR. link/channel condition. This SNR value will be transformed
Besides, in this simulation, we use the multiple-input to be channel state information (CSI) that to be a basic
multiple-output (MIMO) 2 x 2 system (2 transmit antennas criterion in the power control system. The power control
and 2 receive antennas). Using MIMO system generates arsystem instructs the user to add or reduce the transmit power
advantage in terms of spatial multiplexing that will be through CSI. The user will adjust adaptively their transmit
increasing the data rate transfer [15]. Based on Fig. 8, thepower according to SNR, the transmit power is very efficient

higher modulation level (16 QAM) dominantly performs in and interference limited.
higher SNR. Conversely, lower modulation level (QPSK)
works in lower SNR. Changing the SNR value indicates a
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Fig. 8 Utility system with a variety of modulation level in 2x2 MIMO (BER 5 %)10

IV. CONCLUSIONS

This work focuses on energy and spectral efficiency
issues in WSN. The coordinator sensor will accept a channel
state information (CSI) that this information to be a base g
parameter to determine the modulation level and the
transmitting power at the sensor node. CSI contains SNR
information on the instantaneous wireless channel. Higher6
SNR means a better wireless channel condition and needL]
low transmitting power at the sensor node. Conversely,
lower SNR means that the sensor node needs a higher
transmitting power to compensate for the worse wireless[’]
channel condition. Besides, higher SNR drives higher
modulation levels which have more spectral efficiency.
Based on the result, the existence of power control givesl8]
about 9% improvement of spectral efficiency (16 QAM).
Power control also helps to increase the utility system; a
higher modulation level generates a better utility system. [9]
Combining power control and adaptive modulation reduce
power consumption, increase spectral efficiency, and extend[m]
the lifetime of the sensor node.
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