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Abstract—Smart Grid Network (SGN) concept is developed
for dynamically and automatically respond to changes in power
grid conditions, which will require sensors to provide detection
of signal for real-time information and status. The most distin-
guishing attribute of Pulse Position Modulation (PPM) in SG
Communications is its non coherent detection. It avoids complex
channel estimation which becomes a very complicated process
due to very large bandwidth and fine time resolution with large
number of multipath components. In this paper, we analyze
PPM based energy detection for sensing in smart grid networks
where intelligent devices for power monitoring, smart sensors and
smart meters for Home Area Network (HAN) or Neighborhood
Area Network (NAN) can start transmission at any time. In
contrast to well known case of Additive White Gaussian Noise
(AWGN) channel, we further extended our investigation to KG

composite model and the effect of fading and shadowing severity
is discussed extensively. Reduction in either the fading index m or
shadowing parameter m0 influences the channel characteristics
and declines the error performance. Hence, the presented results
furnish guidelines for energy detection based sensing of PPM
modulated signal for SGN various communication models.

Index Terms—PPM; Energy Detection; Smart Grid Network;
HAN; NAN; WAN.

I. INTRODUCTION

Smart Grid Network (SGN) is the next-generation power
network expected to significantly increase renewable energy
capacity, improve reliability, produce low latency times, sup-
port multi connectivity over micro grids, and increase the
control efficiency of transmission and distribution network
elements. Promising to exhibit the characteristics and attributes
of present intelligent communication networks, smart grid and
micro grid networks often categorize as Energy Internet as
shown in Fig 1.

In general, to ensure transparent connectivity from con-
sumers home to generation plant, three domains of communi-
cations are being proposed for smart grid networks [1]. Based
on coverage and operating perspective smart grid consists of,
Home Area Network (HAN), Neighborhood Area Network
(NAN) or Field Area Network (FAN), and Wide Area Network
(WAN) as depicted in Fig. 2. Coupled with power consumption
control tool, energy storage devices, renewable energy units,
energy displays panels, and smart metering facilities in order
to ensure transparent connectivity to all in-house components.
HAN is aimed for residential unit communications that op-

Fig. 1. Power Network comparison to Communication Network.

erates with both RF and IP-based networks, including Blue
tooth, WiFi, WiMAX, and GPRS/cellular, or Power Line
Communication (PLC), either individually or in combination.

This permits an electric utility to make further information
flow between NAN or FAN (based on Intelligent Electron-
ics Devices(IEDs)) e.g., real time monitoring and control,
demand response, user information, prepaid and postpaid
services between various actors in the energy generation,
supply and utilization system. Finally, Wide Area Network
(WAN) covers long-haul distances from NAN/FAN to a control
center and provide support for real-time monitoring, control
and protection applications, communication links for smart
grid backbones to improve power system planning [2]. This
implies that to detect a fault, or to update a device status,
a sensor must frequently sample the signal and compare its
characteristics to pre-set trigger levels. Sensors are employed
to determine an extensive variety of physical parameters in
power generation and plant operations, power transmission
lines, distribution substations, power distribution lines, energy
storage, and customers premises [3] [4].

An energy detector can collect the multipath energy very
easily by means of a simple integrator without any channel
estimation. The timing accuracy is also acceptable and the
BER is not largely affected due to synchronization errors.
Hence, they render low complexity and low power consump-
tion solutions for SGN devices detection and are suitable



Fig. 2. Smart Grid Communication Architecture [5]

for peer-to-peer communications. Energy detection with pulse
position modulation (PPM) is presented for sensing analysis
in Smart Grid networks. The most distinguishing attribute of
PPM in communication systems is its non coherent detection
[6]. It avoids complex channel estimation which becomes a
very complicated process due to very large bandwidth and fine
time resolution with large number of multipath components.
Implementation simplicity of PPM through energy detection
and controlling delays for interference cancellation provides
better spectral manipulation. IEEE 802.15.4a standard has
suggested that the hybrid BPSK-PPM modulation can be
used for noncoherent systems. Multi hops relaying protocol
to provide high bit rate using PPM modulation is discussed in
[7]. Whereas, noncoherent pulse-position modulation (PPM) is
investigated to achieve ultra-low power wireless realizations in
WBAN [8]. The results reported in [9] and references show
that compared with the BPSK modulation, a hybrid BPSK-
PPM modulation improves both BER performance and trans-
mission rate in UWB communication. In [10], the complexity
of coherent receivers is addressed by noncoherent energy
detector associated with M-ary PPM using space time coding
for MIMO systems.

Compared to coherent detection the efforts with respect to
the receiver synchronization are considerably reduced. Hence,
it avoids the problem of nonlinearity of the analog modula-
tion and improves the SNR over analog modulation. On the
other hand, it is not purely digital, therefore no pulse-code
modulation (PCM) coding is required. Due to fixed symbol
interval, signals are much easier to multiplex and demultiplex
in the time domain. Therefore, binary PPM is the promising
essential modulation technique for future low power networks
[11].

Non coherent ED based reception of PPM signals is
addressed in [12] for UWB applications. It is akin to a
generalized maximum likelihood (GML) detector where the
received signal energy in M possible pulse positions during
an observation interval is compared and the position with
the maximum energy is estimated and declared. Despite
this, these suboptimal detectors offer the wideband Gaussian
channel capacity for sufficiently large bandwidth.

In this paper we analyze PPM based energy detection for
sensing in smart grid networks where intelligent devices for
power monitoring, smart sensors and smart meters for Home

Area Network (HAN)or Neighborhood Area Network (NAN)
can start transmission at any time. It is an optimal scheme,
whenever the arrival time of a signal is unknown.

II. PPM BASED ENERGY DETECTION

When time parameter of a signal pulse train is modulated
with constant amplitude corresponding process is designated
as pulse-position modulation. For PPM, information is ex-
pressed in terms of the time interval where the pulse is
transmitted. A block diagram of a PPM based energy detection
scheme is illustrated in Fig. 3. Taking binary PPM as a
simplest case, the duration of the bit interval is divided into
two equal time slots T0

2 , where T0 is the bit signaling interval
for binary PPM selected from the data rate [13]. Fig. 4 depicts
an instance of multi PPM. A signaling interval of T0 is
separated into equally spaced D sub intervals, each of length
T seconds. Conventional PPM involves a pulse that conveys
information based on the position when it is not zero. Thus,
every D of the pulse positions represents to one message [14].
Once the required message to be transmitted is selected, the
pulse position encoder takes decision by the pulse position
that exhibits more energy than other positions.

Fig. 3. PPM based non-coherent detection.

III. SYSTEM MODEL

In energy detection for a specified T , the transmitted signal
x(t) can be written as sum of the square of 2u Gaussian
random variables at output signal Y as given in [15]

Y =
2

N0

∫ T

0

x2(t) dt

=

2u∑
i=1

(
hixi + ni√
N0W

)2

: H1

=
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(
ni√
N0W

)2

: H0

(1)

where N0 is the Gaussian noise spectral density, u = TW
is the product of time and bandwidth, H0 and H1 are
representing transmitted signal absence and presence
respectively.

As described in [15], when signal is present decision
statistic of Y represents χ2

2u a central chi square distribution
with a with a non centrality parameter 2γ. Hence, the PDF
distribution of test statistic Yi ,where i = 1, 2, ...D i.i.d random
variables when no signal is transmitted, is given as

fH0
(y) =

1

2uΓ(u)
yu−1e−

y
2 (2)

where Γ(.) is the gamma function.



Similarly, PDF of Ys , where s = 1, 2, ...D are i.i.d random
variables when signal is present, can be obtained as

fH1
(y) =

1

2
(
y

2γ
)
u−1
2 e−

2γ+y
2 Iu−1(

√
2γy) (3)

here Iv(.) is the modified Bessel function of vth order. The
received SNR γ is defined as Es

N0
.

Fig. 4. Signal pulse timing schematic.

A. Error Probability of Energy Detection

The probability of error is simple when the received signal
is less than zero for any i 6= s. For u ≥ 1, the probability of
error is given by

P (e) = 1−
∫ ∞
0

[ ∫ λ

0

fH0
(y) dy

]D−1
fH1

(γ) dγ (4)

where fH1
(γ) is the PDF of Ys when there is a threshold λ

is taken for comparison the received signal.
When device signal is present, Bessel function in fH1

(y)
can be expanded term by term and expressed as series form
of Marcum-Q function as shown in [16]∫ ∞

0

fH1
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after simplification the exact probability of error for PPM
based energy detection is given by

P (e) = 1− 1

2

∫ ∞
0

1− e(
−λ
2 )

u−1∑
j=0

1

j!(
λ

2

)jD−1(
λ

γ

)(u−1)/2

e−(λ+γ)/2Iu−1(
√
γλ) dγ

(6)

For time bandwidth product u = 1, the closed-form solution
for error probability can be approximated as [16]

P (e) = 1−
(

1

D

) D∑
j=1

D!

j!(D − j)!
(−1)j+1exp

[
−γ(j − 1)

2j
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(7)

From [17] the closed-form SNR PDF of KG fading is given
as

fγ(γ) =
2

Γ(m)Γ(m0)

(
c
0

2

)m0+m

γ(
m0+m

2 )−1Km0−m(c0
√
γ) γ > 0,

(8)

where Γ(.) is the gamma function, scaling parameter c
0

=

2
√

mm0

γ0
is related to SNR γ,m0 is the order of Gamma

PDF which reflects the shadowing severity, m represents the
Nakagami fading parameter, and Km0−m(.) is the modified
Bessel function of order (m0 −m).

From this point, for simplicity we consider S(e) = 1−P (e).
To compute error probability over KG fading for u = 1, by
averaging (7) with respect to (8) as given by

PKG(e) =

∫ ∞
0

S(e)× fγ(γ) dγ (9)

when substitution (10) expresses the probability of error over
KG fading as

PKG(e) =
2
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It should be noted that (10) is valid only for time bandwidth
product u = 1 state, whereas (6) can be used for computing
error probability u > 1 condition.

IV. RESULTS AND DISCUSSION

In this section, we investigate the performance of PPM
based energy detection based on numerical results. For better
understanding plots of probability of error estimation versus
SNR, time bandwidth product, threshold levels and time
interval are presented. In comparison with AWGN, KG

fading channel is also employed to highlight shadow-fading
realization. The error equations can be computed easily by
software package Mathematica 7.0 .

For several fixed values of SNR γ, error probability
P (e) is evaluated as a function of sub intervals D as
shown in Fig. 5. It is evident from plot curves, that large
D values require high SNR for less P (e). The plot is
obtained for u=1 by using (7) over AWGN. Hence, for better
detection under low SNR regions D should be kept minimum.

P (e) in contrast to time bandwidth product u is illustrated
in Fig. 6 for several fixed values of SNR γ. For u > 1
measure, (6) is used while setting D=5. It can be noted from
plot curves that u > 5, there is no variation in P (e) and the
curve is almost constant over γdB=0 − 10. This corresponds
that for large values of u detector performance deteriorates.

Fig. 7 depicts P (e) variations over threshold values
λ=10, 20, 30 with two sub intervals D=2, 5. It can be evident
as expected, higher threshold value with minimum D exhibits
less errors. This can also be seen that large values of u
performance can be make better with large lambda with
D < 5.



Over show-fading environment P (e) variations as a function
of SNR γ are demonstrated in Fig. 8. We assume shadowing
factor m0=18.41 for moderate shadowing and fading severity
m=1 for several multipath where time bandwidth product u=1
. By using (10) PPM based energy detection performance
over KG fading is determined. AWGN curves for similar sub
intervals D are also provided for comparison. PPM based
energy detector error probability increases under more severe
shadow-fading conditions higher D values. Combining tech-
niques without channel estimation are needed for acquiring
energy arrive from several multipath.

In Fig. 9, we compare different m0 and m values taking u=1
for P (e) performance analysis. Over m > 1, detector error
performance improves while assuming D=5 and u=1. Fur-
thermore, shadowing factor m0 decreases, error performance
degradation increases.

From numerical results and plots, it is observed that in
PPM based energy detection P (e) increases monotonically for
increased D, u values. It is desirable to employ D, u lower as
possible, in order to prevent large SNR penalties for detector
operation using PPM modulation. Also, combining techniques
can be used for performance improvement.

Fig. 5. Probability of error P (e) as a function of sub intervals D for different
SNR values where time bandwidth product u=1.

V. CONCLUSION

In addition to cognitive radio, this paper brings in the
significance of energy detection in Smart Grid Communication
systems. With a recent breakthrough of SGN communication,
PPM modulation is now gaining popularity at an unprece-
dented rate. It is one of the promising and attractive candidates
for the modulation of sensing signals, when an intricate and
difficult channel estimation needs to be averted. Moreover,
energy detectors are less susceptible to synchronization and
acquisition errors which are the major problems of coherent
reception. Analysis process is based on threshold selection,
time bandwidth product and sub intervals size by focusing

Fig. 6. P (e) as a function of u for several SNR values taking sub intervals
duration D=5.

Fig. 7. P (e) as a function of u for various threshold λ and sub intervals D
values when SNR γ=10 dB.

on probability of error. The obtained numerical plots in-
dicate that an increase in the number of sub intervals or
the time bandwidth product always leads to degradation of
the error performance. However, SNR improvement in either
case augments the probability of error. The effect of sensing
threshold is evinced as previously, i.e. a larger λ diminishes
the probability of error. Hence, non coherent energy detection
is a proficient choice for the detection of device signal in SGN
systems irrespective of the employed bandwidth and is capable
to collect energy from all the multipath components.
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Fig. 8. Probability of error over KG fading PKG (e) versus SNR γ for
certain sub intervals D while keeping u=1, m0=18.41 and m=1.

Fig. 9. PKG (e) versus SNR γ for various shadowing factor m0 values taking
fading severity index m=1, 2 and D=5.
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