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Threshold in Ambient Backscatter
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Abstract:
Objective In Ambient Backscatter Communication (AmBC) systems, a low-complexity energy detector is
typically employed by the reader to recover the unknown symbols transmitted by the tag. However, achieving
optimal energy detection performance critically depends on the precise setting of the detection threshold. The
specific parameters of this threshold are determined by the average powers of the received signals when symbols
“1” and “0” are respectively transmitted by the tag. Existing parameter estimation methods assume an equal
transmission probability for symbols “1” and “0”"; therefore, the sorted received signal powers are directly
divided into two equal groups. Nevertheless, due to the finite number of transmitted symbols, the actual
quantities of symbols “1” and “0” are not strictly equal. Consequently, this equal division introduces sample
misclassification, causing the estimated threshold to deviate from its optimal value and thereby degrading the
overall detection performance of the system. Given that an absolute parity between transmitted symbols “1”
and “0” cannot be guaranteed in practical AmBC systems, the traditional sorting-based grouping method fails
to satisfy the accuracy requirements of highly reliable communications. Therefore, a parameter estimation
method capable of eliminating sample misclassification bias is proposed, which is of paramount importance for
breaking through the performance bottlenecks of existing energy detection and facilitating the practical
application of AmBC technology.

Methods

estimation methods, a detection threshold parameter estimation method based on iterative updating is

To address the misclassification defect inherent in traditional sorting-based grouping parameter

proposed. Given that the detection threshold obtained via the sorting-based grouping method can already
effectively determine the majority of correct symbols, these initial decision results are extracted as a highly
reliable classification basis. Subsequently, the received signal sample set is reclassified to iteratively update the

parameters, thereby achieving a progressive correction of the detection threshold. To comprehensively verify the
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effectiveness and applicability of the proposed iterative estimation method, simulation analyses are conducted
under three typical ambient radio frequency source conditions: complex Gaussian, phase-shift keying (PSK),
and quadrature amplitude modulation (QAM) sources.

Results and Discussions Simulation results indicate that under various signal-to-noise ratio (SNR) conditions,
compared with the traditional non-iterative sorting-based grouping method, the bit error rate (BER) is
significantly reduced and the theoretical lower bound under perfect parameters is approached by the proposed
iterative method. At a given SNR, significant performance improvements of approximately 0.1, 1.5, and 1.3
orders of magnitude are achieved by the iterative method under complex Gaussian, phase-shift keying (PSK),
and quadrature amplitude modulation (QAM) sources, respectively (Fig. 2). It is demonstrated by this result
that misclassified samples are effectively corrected, and the performance loss caused by estimation deviations is
reduced by the proposed iterative method. Most importantly, an extremely fast convergence speed is exhibited;
a significant performance improvement is obtained with merely the first iteration, which proves that high-
precision parameter estimation can be accomplished with extremely low computational overhead. Secondly,
under varying numbers of sampling points, BER performance improvements of approximately 0.5, 1.6, and 1.1
orders of magnitude are obtained by the iterative method under complex Gaussian, PSK, and QAM sources,
respectively (Fig. 3). It is demonstrated that by utilizing the decision results as a classification basis, the sample
size used for parameter estimation is equivalently expanded in a statistical sense. The irreplaceable
“compensation” value of the iterative method in small-sample constrained scenarios is thereby strongly
confirmed. Finally, under different relative channel difference (RCD) conditions, performance improvements of
approximately 0.56 and 0.7 orders of magnitude are realized by the iterative method under complex Gaussian
and QAM sources, respectively (Fig. 4). It is revealed by the analysis that as the RCD increases, the degree of
separation between the received signal power distributions is enhanced; thus, a solid basis for iterative grouping
is provided by the high accuracy of the initial decision. Consequently, a stable positive feedback updating
process is formed, and the system detection performance is effectively improved.

Conclusions To address the issue that the traditional sorting-based grouping parameter estimation method in
energy detectors is prone to introducing misclassification bias and degrading detection performance, an iterative
updating-based detection threshold parameter estimation method is innovatively proposed. By this method, the
decision results obtained from initial parameter estimation are utilized as a reliable classification basis to
regroup the received samples, thereby realizing the iterative updating of the detection threshold. Concurrently,
the exact theoretical closed-form expressions for the detection threshold and bit error rate under quadrature
amplitude modulation sources are derived. It is demonstrated by simulation results that an extremely fast
convergence speed is achieved by the proposed method, whereby the parameter estimation bias is effectively
eliminated with merely a single iteration. Moreover, excellent robustness is exhibited under small-sample
constraints and varying channel conditions. With extremely low additional computational overhead, BER
performance improvements by orders of magnitude are achieved by this iterative method. Consequently, a
solution with significant engineering application value is provided for the physical layer design of future high-
performance and highly reliable practical ambient backscatter communication systems.

Key words: Ambient backscatter communications (AmBC); Symbol detection; Energy detector; Iterative
method
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