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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.

Key words: atomic force microscopy; imaging method; generalized predictive control; self-tuning

1 5|35 (Introduction)

TR W) A58 m e se okl =R
ISR AN &, I 1 AFMGZ T A DG 2 BHIT TAE
FH TR, — 7T, A F T ARG % BB I — ROk
1%, AFMAE G I 75 BOCHRE i db 4732 sS4, DR
FRAG AR e, — el 5 A T 45 T IS
PERE S PO AR I R R SR ARMAE S B85 1
i)y A I ESAGOERE, TTA ET R S LA L
FR. A5, R B R 240, E A,

Wk E39: 2014—07—18; 3¢ H #: 2015—05—20.
T3@{5/E% . E-mail: fangyc @nankai.edu.cn; Tel.: +86 22-23505706.

HEPWIANEMT S, T8 B U3t UL R s 4
L IREE PR IREH SR SR, BRI J5 75
B B AR SEL WA, AFM RS 1048F B R
VR A 5645 5 TR R ) AR, 1% S 2R K b R
T AFMFIHE— 25 N . TR anfaT 2 s ARML & Gt 1) 4
REALFR R, AT AE 1) 52 Ak, B AT R 3 B e A
LIGEETIR, R AFM ARG H s — M 7T E 5.
TEFEHI AR BT T T, R — e i T &Rk
b ) g vEAOL L) B gy i (P ) ATY 2 R

[E %% BRI IESTI H (61127006, 61203333), KT HAARIFEIESTI H (13JCQNIC03200) % 4.
Supported by National Natural Science Foundation of China (61127006, 61203333) and Tianjin Natural Science Foundation (13JCQNJC03200).



ERE ]

ELEE: 5T R R G IR S R 1059

AFM Z GRS, T S H00 B
BRARVE RE A B . Rk, 2R AE 8 SE Bl P i
A BB, WA R AR TERE, I KR A
X HRAEE AL EOR. N, Wang&E AU H 78T
TEOR 42 1) 1) 2 BEPIDH 5€ J7V%, T Zhou s AIIH A 4%
HLR BHEFRN PIZ B0t AT 8 5E , IREETHER L 1 1%
HIZHIE SR, £ — R LIk T R R fE
KT SR, BT 5 2R K ARMER TR 22 300K 52 i
BRI RRIN LK SR S 58 e B 5, 1 i I 7 A
U 2 ATEAT AR AR B S 36, BOMEEBA. (EA54R
H 2, A BT EPIZEUS, B
PR ToENR. R, FEARMI R AR A, iR H
FUELAB I T SR L, BB i 1R BRI
AR, BT X TEANRE S T AEPIZ AL, M1
MR G RAGHE L.

X ARG R 2. TS HAREERELL, IR
M R GABATIN P AEAE L B s, SR FEZNS 2
GEANAS R B BT AR, RIS E iRl Es,
YU e % AR b 50 i Z B AL DL R GEANI SE 1R oK
S, R A SO T JE R B 3 4% ) 7 7%,
AR, s, et A S LR RR B
Mz R G, I E R 1 AR 5 R G
SEVERRENE. 22/ b SOV E A P b B
FEARLRIE R IELLTTPE N, AN T 24N
B, I ) BEiE 5 GPCHE I &%, 7521 1 i = r
PERE. S8 RSB X AR AN € AF d /A AL R
G, WHTC T e T P22 28 R 22 R [ ek SCTTa
EE SR, BE SRR T (R VA A
TR HIELE, St T — M5 BB AT 3580 1 45 P
EASERI TR TTIE. INEA G LR T 12 ]
R R FUI 42 #1592 L FH - RLAULAS Bl PRI R 4%
Hlz . EHAEENE, BT RS AR
SCTGIN R AE A2 ) 07 10 224 M ARAE SR T 0 AU 4%
i RGP AR

HI T AFM A SRR B AR H B 2% AR 2R R i,
JEHGRAE AR A DL, X LR 2 PR i
TR A3 S EE R, IR AR, DLRANH E R an A R A R
FRIPRE 50 ot S5 ) Sl 8 B0 . AR SX A L T,
HMHET 82 R I R Gzl 5 g o, Hotk
BERE RATHT 0. Nk, ASCREU TR R i sh A i A
FELARRN A TR T B R G b, 3 —F&
HAFM AR GE) " N E AL IR #15 Bdg 5. BT
&, ZINEGI NCARIMAZ HUE R A SR i LAk
ZJEHIARM RS, FHHlid 3 SRR L R R 5%
SEI SRR 24 SR )5, R A3 T GPCIIL L 75 %
SRSEI THEAF RIS 248, AR R TR T
R RBITE. PI RS RIS SRR, R R
EDUCR AT, AR B AR R T AR S

IS e 1) 2, AT B IRARMIR #4E E2R 2, O

i ARG REL KT
ASCHAI A LRG0 275 b 1R R

RSB T R A0 R B3 T IR T — AT

BN RAE LR S | STz ) 2 5 H B e T

5 AT T N ZOT R REAT AR HOUAE; SRS

P TR SIREER, HeTTOASIT LS L.

2 AFM % %t 2 ¥ 1 i & (Problems on
parameter tuning for AFM systems)
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% 75 ¥% (Self-tuning of control parameters
based on online identification of dynamic
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Fig. 1 Online dynamic model identification
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PI controller parameters)
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3.4 B EWY IE4A 5 ¥ FR(nitialization and

expansion of the database)
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Fig. 2 Scanning path for database initialization

4 P B HE % W FE(Flow chart of the
control-based imaging algorithm)
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Fig. 3 Flow chart of the imaging algorithm
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5.2 S (Experiments)
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