H16% H1M e R A Vol.16  No. 1
2008 4F 1 H Optics and Precision Engineering Jan. 2008

XEHS 1004-924X(2008)01-0006-05

BP M 4%& H TR AL EBIE

FE® EZEK B A N HEER,E B!
(L PEMFRARAE BER, 28 68 230026;2. PERFRHARAFE BEEFK. L8 & 230026)

FEE AR T BP 5 W 2% 1 0] 68 g i e RAR E BEAT AR RIS IE . EF 4T BP Sk oS py kL R A LM B
WUk BP MR R BT . AR R AR ) kAT T SR R A LIRSS T R R R S A R I I RV E YR T
30% . HZWA HEM L Z IR R B S BET S R IR LR T 42 0 45 BB A S T B B 40 5 6 1R A A i
2T 0T LUA RO 3 SO R G T RE TR AR

% # W A% BPAZM%LELRBRGE

fhE 4 E S TN249; TP183 SCERARIRAD : A

Application of BP neural network to nonlinearity
correction of optical tweezer force
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Abstract: The Back-Propagation (BP) neural network was proposed to correct the nonlinearity and to
optimize the force measurement and calibration of an optical tweezer system. Considering the low con-
vergence rate of the BP algorithm, the Levenberg Marquardt(I.LM) algorithm was used to improve the
BP network. The proposed method was experimentally studied for force calibration in a typical optical
tweezer system using the hydromechanic methods. The result shows that with the nonlinearity correc-
tion using BP neural network, the range of force measurement of an optical tweezer system is enlarged
by 30% and the precision is also improved comparing with polynomial fitting method. It is demonstra-
ted that the nonlinearty correction by neural network method improves effectively the performance of
optical tweezers without adding or changing measuring system.
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Fig. 1 Experimental setup
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Tab.1 Input and output signals of optical tweezer

calibration and its non-linearity correction

JF%5  F/pN z/pm F../pN Fy/pN
1 0.1159 0.0157 0.1159 0.112 5
2 0.231 8 0.032 3 0.2318 0.233 2
3 0.347 8 0.053 6 0.347 8 0.369 0
4 0.463 7 0.066 9 0.463 6 0.448 4
5 0.579 6 0.087 3 0.579 7 0.568 8
6 0.695 5 0.107 9 0.695 4 0.697 4
7 0.811 5 0.1217 0.811 6 0.793 0
8 0.927 4 0.143 5 0.927 2 0.966 7
9 1.043 3 0.152 6 1.043 6 1.049 3
10 1.159 2 0.163 4 1.159 1 1.158 5
11 1.275 2 0.175 6 1.275 7 1.296 0
12 1.391 1 0.180 1 1.390 9 1.350 2
13 1.507 0 0.189 8 1.507 4 1.478 0
14 1.622 9 0.202 0 1.623 0 1.656 4
15 1.738 9 0.206 9 1.739 0 1.733 6
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Fig. 2 Approximation function derived by BP network
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Fig. 3 Relation between error and training times

1 BP i 22 19 2% 11 25 4 1) R KR S A St it
B, LS o BN I JERE T Fo (3R 1
F 5D AER AR 1 s b T H 2 5
B RS B R 1P Fadh

HiZ 1 B ol A AR R SR 26 T s
A2 0 25 Al R AMEAE TE 10 D 45 B A 45 SRR i
0. 001 pN, I 5 B Jr 45 51 K 418 2 A — 2, i 2 10
AAUE T A5 B RRAS B O 0. 01 pN. it
AP AT RS X e B S S i AR KAk AT T B
IE HJE AL A 5 5 2 N T M 45 p 4k B
15 Hh A9 R B 7 A IS B s T 2 Ik

B2 g g SRR W], S I e O A 4k
A= TR P 2 B R GUROKR B Y



10 Je

K% 142

516 &

Wi BHEAT — PSR 2 . X SEIRE R RS
HROL KB R B 417 e 1 X T | 2R 48R B 17 R 1
RZEF] LAl i BP M 22 ) 4% BE AT AR LB AR . T
X T RO SR B R 1 1% 22 AT DA i R AR R AN I
L3R e ok BEAT AL PR .y [ 2 W] DUA B
>R P 22 I 45465 1 325 fok 45 7 00 51 L el R PRy 2
PRI T B 0~0.3 » T REF] 0. 41 . FPr 1A
ZLCBFRE 05 52 % 11 AR /NER L T LA it 05 9 X ot
BF b 5 o 52 B8 R S 58 0 Uk W AE #2390, 6 7
6L 545 G BIF 0 A 1 26 5 BT LA R 11 B B3

S & Lk

et 2 BB BRI 7E 0. 6 r Z -

AW 5E 2 ] BP #2459 28 65 Ol 55 7 1 b 5
FTARRAMEAB IE , AR T8 T8 7 i Y . 42
w1 IR OR BE L T EL L BEAE [R] SR 6 S R Y A A
N ARA TR 7 Y L AR T AR G R A K
BP M 2 [ 25 J7 35 1 12 AT OB i s T OB R 4
1k REHE b5 o

[1] BROUHARD G J, SCHEK H T, HUNT A J, etal.. Advanced optical tweezers for the study of cellular and mo-
lecular biomechanics [J]. IEEE Transactions on Biomedical Engineering , 2003,50(1):121-125.
[2] HUANG CH CH ., WANG CH F, MEHTA D S, et al.. Optical tweezers as sub-pico-newton force transducers

[J]. Opt. Commun. , 2001,195(1-4) :41-48.

[3] XU SH H,Li Y M,LOU L R. Systematical study of the trapping forces of optical tweezers formed by different
types of optical ring beams [J]. Chinese Physics. 2006,15(6):1391-1397.

[4] METENDA F, BOER G, ROHNER J, et al.. Escape trajectories of single-beam optically trapped micro-particles
in a transverse fluid flow [J]. Opt. Exp. , 2006,14(4):1685-1699.

[5] KATRL O G. Micromanipulation by Light in Biology and Medicine [ M]. Berlin: Birkhauser Verlag, 1999 90-

96.

[6] RANAWEERA A, BAMIEH B. Modeling, identification, and control of a spherical particle trapped in an optical
tweezer [ J|. Int.J.Robust Nonliear Control ,2004,00:1-19.

[7] RANAWEERA A, BAMIEH B, TEEL A R. Nonlinear stabilization of a spherical particle trapped in an optical
tweezer [ C]. Proceedings of the 42nd IEEE Con ference on Decision and Control ,2003:3431-3436.

[8] HAGAN M T. Neural Network Design[ M. Beijing: China Machine Press,2002:227-255.

(9] ®@AkP R, Fadm,F. 5T LMK ERG IR LERIELT ] X5 H % T 42,2006,14(5):896-902.
TIAN SH P ,ZHAO Y., WEI H Y. etal.. Nonlinear correction of sensors based on neural network model[ J]. Opt.

Precision Eng. .2006,14(5) :896-902. (in Chinese)

[10] sk, B, 3h4t. LT BP M M4 1 R G W AS R IE k)] 2% 4% T42,2005,13(3) :348-353.
SHI Z L,KANG J, SUN R. BP NN-based method for lens distortion correction of large-field imaging[ J]. Opt.

Precision Eng. ,2005,13(3) :348-353. (in Chinese)

[11] FR#EF,. S84k AL F. JEBH AR A B8 K 07 B BRI K& o iR 225538 (1], & Bk, 2004,31(6):729-

734.

CHENHT ., LIY M, LOU L R, etal.. Detection of nanometer displacement in optical tweezers and its related
measuring errors [ J]. Chinese Journal of Lasers,2004,31(6):729-734. (in Chinese)

[12] HUISSTEDE J] H G, VANDERWERG K O, BENNINK M L, et al.. Force detection in optical tweezers using
backscattered light [J]. Opt. Exp. . 2005,13(4) . 1113-1123.

EERE M EBMA970—), I 2 BUE BB PRI, 32 T F06 44 R AR B0 i 4 T 5 45 10 45 07 TR F5E . E-mail .

wzqiang(@ ustc. edu. cn,

PHIR (1954 =) & EBA BN B, FENFeAFMPOE M A PF5 . E-mail: liyinmei@ uste. edu. cn





