Wa1H W2 2/ M Fx % W Vol. 47 No. 2
2026 4F2 H Chinese Journal of Scientific Instrument Feb. 2026

DOI: 10. 19650/]j. cnki. cjsi. J2514788

BT -8 I g B SR B B S N iR
ERARGENNERETHAR

FER AT RS2
(L AEPRHE R ANUMARE 5 TR Ee 2RI 430074; 2. WAL Tl RS TR %8 3RIL 430068)

O AR SR RGN A St A R T OB AR R AR T — R T SR AR S A A i LA 1
EAE RS, 5 76 LU /D I SRR VCBUSE IR e RS0 AR UL, VR 1 el 2t 4 R0 R R S5 ST kil 4R AR A ) 25 T
T A8 5 DX, A R 2 T - e~ ORAL T T PRI IR AL . e kAN R G T AT G Bk G R E R R AL E
WEATSRAE  FREE SR /N~ T vk ShAS PRI BEME A SO LA S5 R, Nt — B i R T 5, BI AR 2 M IEAG ML
i, W TG AR 2200 A 5 R A SUR R, AR AL T A 0T A5 BE 5 AR R AR Lk ) e Ak L [RIB, SR ] 5 A
FIRRE AR TR IR AR T 4 DR TR R S S 5 AR i (A B RS R AR T e R XS, AR 3 T SRR Y R
BT 358 Jm T 2 I RE ) . SEIG R O IETE AW AR 0L B A R B TR E YRS, AN TR 6~ 8 YRCRARHN T iA S 24 wm HXT 2
K, M TSk 5.75 s WORARIHE] O R BT 2. 75 s BIT S8 o0t 4, SR T L 50% , B AEm s JE4R
PET YA E 22 RGBS T AR RRIE 5 i B et B e . WIFST o S 30 s 3 S A4 b R DO S o A s A 4Rl T —
AIREREAR T,

KRR FEREE ARG A ARTR M EA 5 B Bhx 4k

FE4 S TH742 TP391.7 XEFRRE: A EXRGEFERSERD: 460. 4030

Research of autofocus algorithms for high-content microscopy imaging
based on the prediction-verification peak strategy

Li Zeduo',Liu Zhiyong',Liao Guanglan'?

(1. School of Mechanical Science & Engineering, Huazhong University of Science and Technology, Wuhan 430074, China;
2. School of Mechanical Engineering, Hubei University of Technology, Wuhan 430068, China)

Abstract: To address the stringent autofocus requirements of high speed and accuracy for the high-content microscopy imaging systems,
this study proposes a peak search strategy based on the active sampling and iterative weighted curve fitting, which aims to achieve the
stable and precise focus positioning with the fewest sampling steps. The method begins by establishing a quadratic curve model using four
initial sampling points to predict the focus region, thereby constructing a closed-loop mechanism of " prediction-verification-
optimization. " In each iteration, the system actively selects the sampling position with the highest information gain based on the current
fitted model, while dynamically reducing the impact of outlier noise on the fitting results through the weighted least square criterion. To
further enhance the reliability of search, an uncertainty assessment mechanism is introduced as the criterion for iteration termination,
which quantifies the credibility of model predictions by analyzing the distribution of fitting residuals and the clustering of sampling points.
Simultaneously, a management strategy of fixed-scale intelligent point set is employed by consistently maintaining the four most
representative sampling points for modeling, which ensures that the model remains focused on the vicinity of optimal region. This
approach improves the computational efficiency while enhancing the local characterization capabilities. Experimental results show that the
method achieves the stable convergence under different initial position conditions, requiring an average of only 6 to 8 sampling steps to
achieve the focusing accuracy within +4 pm. Compared to the fastest sampling time of 5.75 seconds for traditional methods, the

proposed method completes focusing as fast as 2.75 seconds and provides the efficiency improvement of over 50%. Moreover, it
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maintains the excellent robustness and adaptability in the complex imaging environments with high noises and nonlinear interference. This

study provides a reliable technical solution to achieve the rapid and precise autofocus in the high-throughput microscopy imaging.

Keywords : active sampling; weighted curve fitting; iterative optimization; uncertainty evaluation; auto-focusing
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