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Robust Adaptive Interference Cancellation with Controlled Leakage
Constraint in Non-Stationary Environments
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Abstract: This paper proposes a robust adaptive interference cancellation algorithm based on a controllable leakage
constraint, aiming to address the steering vector mismatch caused by array errors and the challenge of malicious interference
in non-stationary environments. To mitigate the degradation of desired signal gain after interference cancellation under steer-
ing vector mismatch, a controllable leakage constraint mechanism is introduced. By constraining the post-cancellation de-
sired signal gain to be no lower than a preset threshold, this mechanism explicitly regulates the signal leakage level, thereby
achieving sufficient interference suppression while preserving the desired signal gain. Theoretical analysis indicates that in-
troducing a controllable leakage constraint factor can significantly reduce the loss in desired signal gain. Furthermore, a
closed-form solution for the optimal leakage constraint factor is derived, enabling an adaptive trade-off between interference
suppression capability and desired signal fidelity under various operating conditions. To tackle the problem that
time-varying statistical characteristics of received interference signals due to factors such as moving interference sources
and channel variations in non-stationary environments require low-complexity algorithms for dynamic interference suppres-
sion, an iterative optimization algorithm based on gradient projection is designed. Operating on snapshot data from real-time
input streams, the algorithm employs instantaneous gradient descent combined with gradient projection to update the weight

vector in real time under inequality constraints, significantly reducing computational complexity. This approach enables
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real-time tracking and suppression of interference in non-stationary environments and is suitable for efficient implementa-
tion on field programmable gate array (FPGA) platforms. Simulation results demonstrate that the proposed method outper-
forms several representative algorithms, including the traditional minimum output power (MOP), minimum output power
with regularization penalty (MOP-RP), minimum variance distortionless response (MVDR), generalized sidelobe canceller

(GSC), and eigenpair substitution-based covariance matrix reconstruction (ESCMR). It exhibits stronger robustness, particu-

larly under challenging conditions such as low snapshot counts and high signal-to-noise ratio (SNR).
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Figure 1 ~ Schematic diagram of interference cancellation architecture
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Table 1 ~ Simulation and Experimental Parameters
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Figure 2 Schematic of the antenna array
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Figure 3 Variation characteristics of output SINR of various algorithms with respect to DOA

error of desired signal under coexistence of dual side-lobe interferences
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Table 2 Average output SINR of various algorithms under the
condition of dual sidelobe interference unit:dB
FHISINR
Bk SNR= | SNR= | SNR= | SNR= | SNR= | SNR=
10 15 20 25 30 35
RAIC-CLC 9.99 | 1050 | 11.36 | 11.79 | 11.69 | 10.39
MVDR | -25.20 | -27.35 | -28.79 | -29.65 | =30.16 | -30.39
MOP -333 | =333 | -342| -4.11|-11.3 |-14.94
MOP-HARD | 6.89 | 8.07 775 | 871| 885| 1752
MOP-RP 6.86 | 8.038| 773 | 870| 885| 7.2
GSC -26.81 |-21.95 | -17.11 | -1226 | -7.42| -2.58
ESCMR | -19.80 |-14.79 | -9.80 | -4.80| 0.17| 521
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Figure 4  Variation characteristics of output SINR of various algorithms with respect to DOA Error of desired

signal under coexistence of dual side-lobe interferences for different leakage constraint factor
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Table 3 Average output SINR for different leakage
factor under dual sidelobe interference unit:dB
F-H SINR
Bk SNR=| SNR= | SNR= | SNR= | SNR= | SNR=
10 | 15 | 20 | 25 | 30 | 35
RAIC-CLC(y=7,,) | 999 | 1050 | 11.36 | 11.79 | 11.69 | 10.39
RAIC-CLC(y=0.1) | 9.41 | 9.88 | 11.06 | 11.28 | 11.06 | 9.68
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Figure 5 Variation characteristics of output SINR with number of iterations under dual sidelobe interference coexistence
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Table 4  Average output SINR versus leakage factor

under dual sidelobe interference unit:dB
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Figure 6  Variation characteristics of output SINR with number of iterations for different iteration step sizes under dual sidelobe interference coexistence
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