
Performance Analyses of Multiple Antennas Based
Sequential Detection for Unknown Signals

Masatomo Horie∗ and Shusuke Narieda†
∗Faculty of Engineering, Mie University, Tsu, Mie, Japan.

†Graduate School Engineering, Mie University, Tsu, Mie, Japan.
E-mail: narieda@pa.info.mie-u.ac.jp†

Abstract—Sequential detection is one of the signal detection
technique which can reduce the number of required samples
for signal detection. However, prior knowledge for target signal
power is required in sequential detection. In this study, the
performances of multiple antennas based sequential detection
for the power of unknown signals are investigated. Numerical
examples show the effectiveness of the analytical results.

Index Terms—Sequential detection, signal detection, multiple
antennas

I. INTRODUCTION

Recently, the signal detection techniques are widely em-
ployed to several wireless communication systems, e.g., spec-
trum sensing in cognitive radio [1]. Various signal detection
techniques have been studied, energy detection [2], cyclosta-
tionaly detection [3], matched filter based detection [4], and so
on. Various applications of these signal detection techniques
are begin considered [5], [6]. One common feature of these
signal detection techniques is that samples are acquired during
a fixed signal detection period, and the statistics computed
from them are used to decide whether the target signal is
present or absent. This leads that a fixed computational cost
is required for signal detection even in the case where it
is clear that the target signal is present. The reduction of
the computational cost in signal detection must be achieved
in battery-powered receivers. Sequential detection [7] is one
of the signal detection technique that the statistics are se-
quentially computed and signal detection is executed at each
time a sample is acquired. Conventionally, sequential detection
techniques based on cooperative systems [8] and multiple
antennas based [9] have been presented.

However, the prior knowledge of the target signal power
is fundamentally required in sequential detection, and this
is an unrealistic assumption in the actual environment. Al-
though sequential detection for unknown target signal power
is discussed [8], the characteristics of sequential detection
for the case have never been revealed. In this study, the
characteristics of multiple antennas based sequential detection
for the unknown target signal power are investigated.

II. PRELIMINARY NOTIONS

The signal detection problem can be considered as a binary
hypothesis testing problem. We let H0 and H1 denote hy-
potheses which indicate the target signal is present and absent,
respectively. Assuming that the receiver has NR antennas and

RF chains, the received signal at the kth antenna rk(n) can
be expressed by

H1 : rk(n) = hks(n) + vk(n)

H0 : rk(n) = vk(n)
, k = 1, · · · , NR, (1)

where hk, s(n), and vk(n) are the complex gain between the
target and kth antenna, the target signals, and additive white
Gaussian noise (AWGN) at the kth antenna with variance σ2

v,k,
respectively. Note that s(n) and vk(n), ∀k are statistically
independent.

In sequential detection, the statistics are sequentially com-
puted at each time a sample is obtained, and the decision
for signal detection is executed at each time. Therefore, the
number of samples for signal detection can be reduced. The
statistics LLR(ν) at the νth detection based on log-likelihood
test for multiple antennas based sequential detection can be
written by

LLR(ν) = ln
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ν = 1, 2, · · · (2)

where p1,k (rk(n)), p0,k (rk(n)), σ2
1,k, and σ2

0,k are likelihood
of rk(n) in H1, likelihood of rk(n) in H0, the lower bound for
variance rk(n) in H1, and the lower bound for variance rk(n)
in H0, respectively. In the case that the power of target signal
is unknown, the assumed lower bound of received power σ̃1,k

2

is employed to σ2
1,k and the variance of vk(n) is employed to

σ2
0,k. Signal detection based on eq. (2) is executed as

B < LLR(ν) < A : Go on
LLR(ν) ≤ B : Accept H0

LLR(ν) ≥ A : Accept H1

(3)

where A = ln {(1− β)/α} and B = ln {β/(1− α)} are
thresholds, respectively, and α and β are the upper bounds
of false alarm probability and miss detection, respectively.

III. PERFORMANCE ANALYSES

The purpose of this study is to discuss the performances of
multiple antennas based sequential detection in the case that
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the power of target signal is unknown. We let γ denote that an
assumed lower bound of signal power to noise ratio (SNR),
and γ is given by

γ = 10 log10

(
σ̃1,k

2

σ2
v

)
. (4)

where σ2
v = E

[
σ2
v,k

]
. The performances of multiple antennas

based sequential detection are evaluated for several γs. In the
evaluation, actual SNR of the target signal for each antenna is
randomly selected from γ to 0, and averaged characteristics for
500, 000 trials are presented. Furthermore, the white Gaussian
signal is employed to the target signal and NR = 4 is
employed.

Figs. 1 and 2 show the number of required samples
for signal detection and the false alarm and miss detection
probabilities, respectively. In both figures, characteristics for
different α, β and γ = −5 dB, −10 dB, −15 dB are depicted.
As shown in Fig. 1, the average number of required samples
increases as γ decreases. Furthermore, as shown in Fig. 2,
the miss detection probability deteriorates as γ decreases. To
reveal their characteristics, the possible range of LLR(ν) is
investigated. Fig. 3 shows the maximum and minimum values
of LLR(ν) for different α, β, and γ. It can be seen that
the possible range of LLR(ν) is wider as γ increases. The
reason can be explained as follows. In the case of small γ,
the fluctuation range of LLR(ν) becomes smaller than the
threshold because the power of target signal is relatively small.
As a result, the accuracy of signal detection can be improved
although the greater number of samples is required. On the
other hand, in the case of large γ, the fluctuation range of
LLR(ν) becomes larger than the threshold because the power
is relatively large. As a result, the smaller number of samples
is required although the miss detection probability deteriorates.

IV. CONCLUSION

In this study, we investigated the performances of mul-
tiple antennas based sequential detection for the power of
unknown signals. Concretely, the tradeoff between the number
of required samples and the miss detection probability were
revealed. Numerical examples showed that the difference
between the assumed lower bound of SNR determines and
actual SNR determines the performances of multiple antennas
based sequential detection.
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Fig. 1. Characteristics of average number of required samples for signal
detection.
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Fig. 2. Characteristics of false alarm probability and miss detection proba-
bility.
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Fig. 3. Maximum and minimum values of LLR(ν).
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