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Energy Detection Scheme in the Presence
of Burst Signals

Hyungkook Oh and Haewoon Nam

Abstract—This letter proposes an energy detection scheme based
on short windows to detect the presence of a burst signal that spans
over a short period of time. For practical use, the proposed scheme
provides a simple computational method for the threshold, with
which the measured energy is compared, that satisfies a target
false alarm probability and also the optimal length of the short
window that minimizes miss detection probability. To evaluate the
performance of the proposed scheme, miss detection probability is
analyzed as a function of the threshold. Simulation results demon-
strate that the proposed scheme provides a lower miss detection
probability than the conventional scheme when a burst signal is
present.

Index Terms—Burst signal, short packet, ultra-reliable and low
latency communication, energy detection.

I. INTRODUCTION

ECENT and emerging wireless networks are designed

mainly for data transmission, where the transmitted signal
for a user is discrete. The characteristics of burst transmission
are expected to occur in emerging communication systems such
as ultra-reliable and low latency communication including smart
grids, and industrial manufacturing and control. Moreover, the
burst transmissions may exhibit characteristics such as sporadic
small packet transmissions in a class of sensor devices and
smartphone functionalities.

Energy detection is a simple and effective scheme to detect the
presence of a signal, where the measured energy over a sensing
duration is compared with a threshold pre-determined to satisfy
target false alarm probability [1], [2]. However, the conventional
energy detection scheme does not perform well in scenarios
where a burst signal is present, because energy measurement
is performed over the regular sensing duration, regardless of
the burstiness characteristic of a signal, under the assumption
that a signal is present throughout the sensing duration [3], [4].
When there is a burst signal that is much shorter than the sensing
duration, however, the conventional energy detection scheme is
not likely to capture the presence of the burst signal correctly
since the energy of the burst signal is diluted in the averaged
energy measured over the regular sensing duration.
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There are very few research outcomes for opportunistic chan-
nel access when a burst signal is present over a short period of
time. To enhance low spectrum utilization by packet bursts, [5]—
[7] proposed energy detection strategies that exploit the charac-
teristics of incoming signals. To cope with the packet burst, [7]
discusses channel learning and channel access schemes based
on the channel usage pattern and uses a sufficiently long win-
dow to prevent the pattern from changing multiple times during
the window. However, an energy detection in the presence of
a burst signal that is much shorter than the energy detection
duration, which occurs by sporadic data packet transmissions,
has not been investigated.

Motivated by the aforementioned studies, this paper pro-
poses a practical energy detection scheme to detect the presence
of a burst signal, such as a short packet, that is occasionally
present in the channel. The main contributions of this paper
are summarized as follows: an energy detection scheme based
on shorter windows for detecting the presence of a burst sig-
nal without prior knowledge of a burst signal is proposed. To
be used in practice, the scheme provides a simple calculation
of the threshold that guarantees a target false alarm probabil-
ity. In addition, the scheme shows the optimal length of the
short window that captures the maximum energy of the burst
signal, which further minimizes the miss detection probability.
Miss detection probability and energy efficiency are analyzed
to evaluate the performance of the proposed energy detection
scheme.

II. PROPOSED ENERGY DETECTION

A. Mode of Operation

Suppose a scenario where a burst signal, such as a sporadic
small data packet, is occasionally transmitted in the spectrum for
a short period of time and a sensor device attempts to utilize the
spectrum opportunistically when the spectrum is empty. For an
opportunistic channel access, the device requires to do spectrum
sensing based on energy detection to determine whether the
spectrum is busy or empty.

Fig. 1 illustrates a burst signal, where L is the regular sensing
duration used by the conventional receiver in terms of the num-
ber of samples and Ly is the length of the burst signal, where
Lp < L. If energy measurement is done over the sensing dura-
tion L as in the conventional detection scheme, then it is hard to
detect the presence of the burst signal with high confidence since
the burst signal energy is relatively small (the average energy
over L is not distinguishable from the noise average as shown
in the figure). Thus, if energy measurement is performed and
averaged for each short window, then the burst signal energy
can be properly captured by the short window, which results in
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Fig. 1. Illustration of a burst signal in time, where L is the sensing duration,
Lgyw is the length of a short window, and L is the length of the burst signal
in terms of samples.

a higher detection probability (the average energy over Lgyy is
shown as a dotted line).

The n-th received sample during the energy measurement
follows a binary hypothesis that is given as

w(n),0<n<L-1 :H
y(n) = (D
(n),0<n<L-1 :H,

where z(n) is a received sample in the presence of burst signal
defined as

2(n) = {hx(n) + w(n),

w(n),

ng <n<ng+ Lp )
n<ng or ng+ L <n,

where x(n) is a burst signal whose power is 02, h is complex
Rayleigh block fading whose poweris o7, w ! w(n)is addltlve white
Gaussian noise (AWGN) with variance aw , Hy and H; refer to
the hypotheses of signal absence and signal presence, and n; is
an arbitrary starting sample index of a burst signal. Note that n
is uniformly distributed between O and L — Lp + 1.

The proposed scheme splits the sensing duration into short
windows, where Ly is the length of a short window. There are
L% short windows in the sensing duration. Average energy is
measured for each short window, which results in L/ Lgy aver-
age energies. From those, the proposed scheme selects the one
with maximum energy and compares it with a pre-determined
threshold to decide the presence or the absence of a burst signal.
The test statistics for deciding on the existence of a burst signal
is given as

1 Lsw —1 L—1 H,
T=7—max STl D wmlPr s
SW n=0 n=L—-Lgw 0

3)
where 7' is the maximum average energy, y is a pre-determined
threshold, and || is absolute value of z.

The goal of the proposed detection scheme is to detect the
presence of a burst signal within the sensing duration. Even if
more than one burst signals are present in the sensing duration,
the operation of the proposed scheme is identical.

B. Simple Computational Method for Threshold

To detect the presence of a burst signal while satisfying target
false alarm probability, the threshold with which the average
energy is compared is of prime importance. Given that a burst
signal is possibly present, the proposed energy detection scheme
needs to compute the threshold for proper burst signal detection
as simply as possible.

To derive the expression for the threshold, a cumulative den-
sity function (CDF) of T" under Hj, has to be provided. In (3),
each average energy during the short window follows a Chi-
square distribution with Lgy, degrees of freedom. Since 7" in
(3) is the maximum average energy selected from L/Lgy short
windows, the CDF of 1" under H, is obtained as

| 1 7% Lst
Fr(t) = / ‘ w o
) 0 (LQSE )st F(LSI/V)

I'(Lsw, Lgs wi) i
=|1-— ) 4)
(Lsw )

Lsw —

where I'(-) and T'(-,-) denote the complete and incomplete
gamma function, respectively. Given a certain threshold -, a
false alarm probability Pr 4 is computed as

F(LSW , su ’)) Lgy
_ . (5
F(LSW) > ©)

Finally, by arranging (5), the threshold to satisfy Pp 4 is simply
obtained as

20
% Loy, (1
Lsw N (

PFAIFT(’y)l(l

v = — (1= Ppa) P T(Lsw ), (6)

where I'"1 (-, ) is an inverse incomplete Gamma function.

C. Optimal Length of Short Window (Lsw )

The proposed energy detection selects the maximum among
the average of short windows and compares it with a threshold
pre-determined to satisfy target false alarm probability to detect
the presence of the burst signal. The optimal length of the short
window in the proposed scheme is determined by maximizing
the average energy of burst signals (AEBS). In other words, the
optimal length of the short window that maximizes AEBS is
obtained as

Lsw _opt = arg max AEBS(Lgw ), @)

Lsw

where AEBS(Lgy ) is defined differently for the cases of
Lsw < Lp and Lsyw > Lp.

In the case of Lgy < Lp, when the short window with the
highest average energy is selected among many short windows,
the value of the average energy of the burst signal is in the range
between [Lp /2]0? and Lgy, o2. Because at least a half of the
burst signal samples or at most the full burst signal samples are
included in the short window. Thus, AEBS(Lgyy ) in the case of
Lsw < Lp is given as

9 ZLS “L*I/Q k+ (Lp — Lsw + 1)Lsw
o
(LSW — [LB/Q]) + LB — LSW + 1

_ LpLsw — [Lp/2]([Lp/2] — 1)02 )
- Lew —2[Lp/2]+Lp+1 %

AEBS(Lgy ) =

where o2 is the average energy of the burst signal. Similarly, in
the case of Lgy > Lp, the value of the average energy of the
selected short window is in the range between [Lp /2]02 and
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Fig. 2. Illustration of an average SNR with various Lgy in SNR = 0 dB,

Lp =11 and 15. Two dots in the figure indicate the optimal Lgy s for the
proposed energy detection.

Lpo?. So, AEBS(Lgy ) in the case of Lgys > Lp is given as
AEBS(Lsy)
225—11 jork+ (Lsw —Lp+1)Lp Ly
“2(Lp — [Lsw /2]) + (Lsw — Lp +1) Lew )

_ 2 LloLsw — [Lsw /2]([Lsw /2] — 1) Lp
*  Lp—2[Lsw /2] + Lsw +1  Lsw

LLS—’; is multiplied in (9), since the burst signal energy is averaged
over the short window, where the length of the short window is
longer than the burst signal.

To evaluate the optimal short window size, numerous simu-
lations are performed for various burst signal sizes. Fig. 2 illus-
trates AEBSs with various Lgy when Lg = 11 and 15, where
two dots show the optimal short window sizes (Lsw —opr = Lp)
with the maximum AEBSs. SNR is defined as 02 /o2 . This ob-
servation can be explained as follows. AEBS grows proportional
to Lgw in the range of Lgy < Lp, because more burst signal
samples are included as Lgy increases. But as Lgyy increases
beyond Lp, AEBS is reduced since the constant burst signal
energy is diluted over the short window that is getting longer
than the burst signal size.

III. PERFORMANCE ANALYSIS

A. Average Miss Detection Probability

Based on the threshold computed in (6), miss detection prob-
ability is analyzed as follows. Suppose the short window size
is same as the length of the burst signal, Lp = Lgy, since it
is the optimal window size as discussed in subsection II-C. The
burst signal comes at random and thus is unlikely to be time
aligned with the short window boundaries. Thus, a distribution
of the time offset between the short window and the burst sig-
nal is uniformly distributed from O to | L /2], where |z ] is the
greatest integer which is less than or equal to x. Substituting Lp
into Lgy in (8), the average number of the burst signal samples
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during the short window is given as

L% —[Lg/2]([Lp/2] —1
m— Lo = [Le/21([Ls/2] — 1) (10)
2(Lp — [Lp/2])+1
Based on the average number of the burst signal samples and
Lgw , T under H; follows a non-central chi-square distribution
defined as

L S Ur -1
Low ( Lswt 2
202 \m-x

_m -1:.+L5w t LSVVm cx -t
ILS w —1 - 5 )

fr(t) =

(1)

e 202 02
where z is an instantaneous burst signal power and [, is the
v-th order modified Bessel function of the first kind [8, 8. 43]
Note that x in (11) is multiplied by L
the effect of the time offset. By 1ntegrat1ng (11) from O to ~,
the miss detection probability over AWGN channels, which is a
probability that v is less than 7" under H;, is computed as

Y m - x L‘v//v
Pup :/ frt)dt =1-Qrg, (,/ 51/ “”;7),
0 T Tw

(12)
where @y (a, ) is the generalized Marcum () function defined
as

1 o0 x 2 +a 2
Qn(a,b) = F/I; Ve T Iy (ax)dx.
Averaging (12) over an exponential distribution with the mean
of 1/(c207 ), the average miss detection probability of the pro-
posed energy detection is calculated as

13)

o8] 1 _ 21‘ .
Pr1D. Ray =/ Pyp——e i dz
0 v h
o Lew —2 (Lsw v yi Lew —1
,stz Y ( 202 ) 20_ + mO,QG_IQ SW
=1—e 2w E w _ )
1l 2 2
i=0 v Mmooy,
Lsw ymo?lo? v
__ Lswoy Loy v Lsw =2 (—7/1
e 202 }717(75{1}2 6_% 205],(20‘f,+ma§a';-’l)
_ 2

i!
i=0

(14)

Note that the manipulation for (14) is performed by Appendix
A'in [9].

B. Energy Efficiency
The energy efficiency is defined as [10]

F
C’
where F' is average throughput and C is energy cost for the
spectrum sensing composed of sensing and transmission frames
whose lengths are 75, and 7 — 75, respectively, and 7 is one
frame length. There are four possible scenarios between the
activities of primary user (PU) and secondary user (SU): PUs
are absent and SUs detect the absence of PU correctly; false
alarm happens; PUs are present and SUs detect the presence
of PU successfully; and miss detection occurs. When P(H)
and P(H,) are the probabilities of Hj and Hj, respectively,
the a priori probabilities for the four scenarios are as follows:

E, = 5)
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TABLE I
PARAMETER VALUES FOR SIMULATION

Parameter Value
the transmit power E 3 Watt
the sensing power Es 0.1 Watt
the occurrence probability of Hyi Pr(Hy) 0.2
the occurrence probability of Hg Pr(Ho) 0.8
the bandwidth of the licensed band W 3MHz
the sampling frequency fs 6 MHz
the energy detection throughput Fo 0.6658 bits/sec/Hz
the length of one time frame 7 300 ms
the symbol duration for burst signal 100 us

P1 = P(H())(]. — PFA); P2 = P(H())PFA; P3 = P(Hl)(l -
Pyp);and Py = P(H,)Pup.

In the first scenario, SUs transmits their data after spectrum
sensing. When Fj is the throughput of SU in the case of Hj,
the energy cost C; and the throughput F; for this scenario are
obtained as

T —Ts

Ci=E;ms +E(r—7), 1 = = Fy. (16)

SUs do not transmit their data in the second and third scenar-
ios. For these scenarios, the energy costs C; and the throughput
F}; are obtained as

Ci :ESTS7E =0, (17)
where ¢ = 2, 3 for the second and third scenarios, respectively.

In the last scenario, SUs transmit their data due to miss detec-
tion. However, the transmitted data cannot be correctly decoded
due to a high power burst signal, so the throughput may be zero.
For this scenario, the energy cost Cy and the throughput F} are
obtained as

Cy=FEsts + Ey(1—715),Fy =0. (18)

By combining the whole scenarios, the energy efficiency for
the spectrum sensing is computed as

PPy P == Fy

Eez — . 19
S PG Bt (B PORG-m) )

Note that the energy efficiency is decreased as P increases.

IV. SIMULATION RESULTS

Numerous simulations are performed to evaluate the perfor-
mance of the proposed scheme in the presence of the burst sig-
nal regarding miss detection probability and energy efficiency.
For comparison purposes, the thresholds for the conventional
scheme and the proposed scheme are computed by [7] and (6),
respectively. For the proposed and the conventional schemes
with a burst signal, parameter values in Table I are used [4],
[10]-[12]. The number of samples for sensing and transmis-
sion frames are computed as 75 f and (7 — 75) f5, respectively.
Rayleigh fading with normalized power is present.

Fig. 3 compares the performance of the proposed detection
scheme with that of the conventional scheme in terms of miss
detection probability in the presence of a burst signal such as
(75, Tr) = (5 ms, 10~%). The figure also shows that the analysis
in (14) matches very well with simulation results. Note that
the conventional detection scheme has a higher miss detection
probability, because the burst signal energy is diluted when L
samples are measured and averaged out.
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Fig. 3. Illustration of simulation results of the proposed scheme and refer-
ence [7], and performance analysis of the proposed scheme in the presence of
Rayleigh fading with the normalized power. 7, = 5 ms and Tp = 1073,
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Fig. 4. Illustration of simulation results of the proposed scheme and reference
and energy efficiency of the proposed scheme in Tr = 1072 and 7, = 5 ms
and 50 ms when the Rayleigh fading channel with normalized power is present.

Fig. 4 shows energy efficiencies of the conventional and pro-
posed energy detection schemes. As shown in Fig. 4, the energy
efficiency of the proposed energy detection outperforms that of
the conventional energy detection due to the lower miss detec-
tion probability of the proposed energy detection. In low SNR
regime, the proposed scheme with 7 of even 50 ms outperforms
the conventional scheme with 7, of 5 ms because miss detection
probability of the proposed scheme is sufficiently low in low
SNR regime.

V. CONCLUSION

This paper proposes an energy detection scheme based on
short windows to detect a burst signal. For practical use of the
scheme, it provides a simple computational method for thresh-
old that satisfies target false alarm probability. In addition, it
presents the optimal length of the short window that maximizes
the average energy of a burst signal captured by the short win-
dow. The analyses of miss detection probability and energy effi-
ciency confirm that the proposed scheme has better performance
than the conventional scheme.
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