46% 110 &/ L F O M Vol. 46 No. 11
2025 4F 11 H Chinese Journal of Scientific Instrument Nov. 2025

DOI: 10. 19650/]j. cnki. cjsi. J2514435

EEAXNSETHHFAREBRES KIGmEH TR

I FELE,FTE e K
(M TRR AR S EE AL Wil X3 430000)

T E.AEJCLGR EP TP 8 A5 L G T T 2R ah L B R BAR /N 3R A5 (5 5 3 5 W sk e il ot sh 4
VR B MSCEE B T A 0 1 25 R I X A5 e 1) 28 Ak, DT CRTE S 455 RS MR i S X T PR T 2R gk A R 3l 453
MEEFE, N TSR A REE TPy Tl 25 7l 5 2 AU SI08 B RS e v M T 3R 25 2 ) 5 A1 SRR B K 3 25
FEHI PR RGO B2 T IR SR G Y 7 DA g 0 vk o BT T B T RUE AR AL 1) JF PR3 25 4 1, ST e 28 AN
TRLRT A B 24 515 PR ] 0 R L A3 25 R 4 5 R R IO Y 56 R R IA FUME S IE I3 5 | AR 25 R pR A, A T2 KL
i, 1S T AR A K R R 0 R BB AR T T B R G A R T R S B S B AR . D B SRR AR
TP IR A A 38 25 1 ) O 2 R P IR GB35 R s O vk, R iR IR S B 4y 4R T 87. 5% ,66. 6% , FLA I I A, 1]
DL R B B AR, B4R T T TS b, A S R 0 (5 TR AL S AL R B, SRS SR I0IE , IR I ik TE Bk . &2
T TEA MR 3 AR IR LT RS AR 1, JUHTE Bk b T A i R 2 A 8% ~ 10% ; A B I il 7E 5 T3t T &4
PERAR, AT E P T R A HT e it S

KR KBTI WS T FF PR IR AR WSO B s A vk

hE4 23S TH86 TP273 TN97 XEFRIRE: A BEXREZERSEKRE: 510.80

A variable step gain control method with cascaded open-loop and
closed-loop for large dynamic interference

Wang Ze,Xin Yedi,Li Yaxing, Xing Jinling, He Fangmin

( National Key Laboratory for Electromagnetic Energy, Naval University of Engineering, Wuhan 430000, China)

Abstract: In the field of wireless communication anti-interference, communication receivers often face scenarios with a large dynamic
range of interference power and the presence of low-power communication signals. Gain control, by dynamically adjusting the gain of the
receiving link amplifier to respond to changes in input signal strength, thereby ensuring the stability and quality of the output signal, is
an important means to cope with the instantaneous large dynamic range of interference power. To further improve the convergence speed
and stability of gain control methods in large dynamic interference scenarios, this paper constructs a cascaded system model of open-loop
gain control and closed-loop variable step size gain control, and proposes a cascaded open-loop and closed-loop variable step size gain
control method. An open-loop gain control based on dual-criterion optimization is designed to balance the hard constraint of analog-to-
digital converter (ADC) unsaturation and the soft constraint of interference suppression. The relationship between gain compression and
noise figure degradation is introduced as a regularization term into the error feedback function, combined with a variable step size
mechanism. The feedback iterative equation of closed-loop variable step size gain control is derived, and performance indicators such as
the stability and convergence speed of the cascaded system are quantitatively analyzed. Simulation results show that compared with the
closed-loop variable step size gain control method and the cascaded open-loop and closed-loop fixed step size control method, the
proposed method has a convergence speed improved by 87. 5% and 66. 6% respectively, lower overshoot, can reduce the noise figure to
a lower level, significantly enhance the interference cancellation performance, and effectively alleviate the deterioration of communication

bit error rate. Experimental results verify that the proposed method outperforms the closed-loop variable step size method under three
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typical interferences (pulse, multi-tone, and wideband noise) , especially with a significantly reduced bit error rate by 8% to 10% under

pulse interference. Low-order modulation has better robustness under strong interference, providde a reference for designing of control

methods for wireless communication anti-interference systems.

Keywords: large dynamic interference; gain control; cascaded open-loop and closed-loop; variable step size; convergence speed;

stability
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Fig. 1 Block diagram of the variable step size gain control

system with cascaded open-loop and closed-loop configurations
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