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Generalized predictive control and imaging for
atomic force microscope systems
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Abstract: When an atomic force microscope (AFM) is employed to scan a sample, the proper adjustment of control
parameters is usually difficult; it needs operator’s experience. To address this problem, we present a generalized predictive
control and imaging scheme based on the online identification of dynamic system model, which achieves self-tuning of
control gains. Specifically, the controlled autoregressive and moving-average model (CARIMA) is adopted to describe the
linearized AFM system, whose parameters are obtained through online dynamic model identification. Then, the generalized
predictive control (GPC) optimization method is applied to calculate the parameters of a quasi-proportional integral (PI)
controller which automatically controls the AFM system gains. Simulation and experimental results demonstrate that the
proposed method can adjust the control gains automatically to reduce the control error and improve the imaging precision,

even when the scanning speed is changed or the control parameters are chosen improperly.
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1 5|35 (Introduction)
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2 AFM % %t 2 ¥ 1 i & (Problems on
parameter tuning for AFM systems)
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3 ETHELIHSEMPHRANERSHE %
%€ 75 ¥% (Self-tuning of control parameters
based on online identification of dynamic
model)

3.1 AFMZ 4 J& #8 £k ¥ k. (Local linearization of

AFM systems)
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HhZHn &0 € RN
0 =[a, ay as by by by]*. (5)
ERIEG € RFAEFERIRE D, & X
¢k —1) =[-Ay(k —1) — Ay(k—2)
— Ay(k —3) Au(k—1)

Au(k —2) Au(k — 3)]". (6)
3.2 7E £k 3 & B & 3% 1 (Online dynamic model
identification)
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liTHE, 2O9ME S ERUR I, @OERC #5241
BT EES.

K 1 AELBhSBAEHR
Fig. 1 Online dynamic model identification
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3.3 KPIZH|ER S % H H 5 (Self-tuning of quasi-
PI controller parameters)
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Au(k) =K (k) [AR(k) — AF (k)] +
K (k) [R(k) = F(k)], (1
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34 B EWY IG5 ¥ FR(nitialization and

expansion of the database)
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e(k) >3- o, (14)
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Fig. 2 Scanning path for database initialization

4 ¥ #H B H B W FE(Flow chart of the

control-based imaging algorithm)
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5 i B K& L% 45 B(Simulation and experi-

mental results)
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5.1 {hi¥(Simulation)
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Fig. 3 Flow chart of the imaging algorithm
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Fig. 4 Comparison of topography by two imaging approaches
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Fig. 5 Comparison of imaging errors
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Fig. 6 Comparison of simulated topography (Unit: nm)
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5.2 S35 (Experiments)
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K7 10 Hz R [ PIZEETHE O CHESL (AL nm)
Fig. 7 Topography scanned with fixed PI parameters at 10 Hz
(Unit: nm)

K 8 10 Hz T ASCTER R HPESL (AL nm)
Fig. 8 Topography scanned using the proposed approach at
10 Hz (Unit: nm)
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B9 AT AR SE R AT Lt 28
Fig. 9 Comparison of imaging results for a certain
scanning line
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6 4518 (Conclusions)
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