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Abstract Laser scanner is one of the most important components in lidar
resonance frequency of 1872 Hz

i laser detecting, laser processing, and so
on. Existing scanners are difficult to realize fast linear scanning with low moment of inertia. A fast laser scanner

based on novel piezoelectric actuators is designed. which has mechanical scanning angle of =+ 0. 35
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Finite element analysis is used to design the scanner structure. Measured frequency
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response curve shows that the modes of the scanner are complicated. The scanning waveforms, spectrums and scan

hysteresis behavior and the resonances affect scanning linearity seriously. An open loop control method is designed,
which consists of a software hysteresis compensator and notch filters in serials
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line images of triangle waveform actuated scanning at several frequencies are tested. The test results show that the

waveforms and scan line photos of triangle waveform actuated scanning with and without open loop controller shows
ively.
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Fig. 1 Design of the scanner. (a) structure; (b) operation principle of the amplified piezoelectric actuator;

(c) operation principle of the laser scanner
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Fig. 2 Static analysis of the scanner structure
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Fig. 4 Block diagram of the performance test bench

A 004 AR B SRS i R R O R A&l 5
78 HLdR RG34 AR B D 0. 77 CRIVEILAR 41 4 £ B2
0. 35%) A BE F— A R K Bl PR A o
S5 B RAR 22 A% 8 s v, BIK 8 R 3 41 i e 59 5 1Y)
BUBE A 5% £A 3 58 5 AN R F £0. 15°, i S50
TR ASE AP 43 T (R (EL L B 46 30, I B i T S AL 3 A A
B 7 ¥R S AT AT B P AR 25 E B h =5 T
TR« 1AL BT I 2 o s vl B 6 o 3k %o 1 b 5
AT 78 235 52 W 5 2) B 1 N RS B2 B0 v o0 19 )5
J3E o8 i 2 3 J3E 19 B2 e AR K 5 30 8 400 I R 2 T )
fR 5 T %‘9]‘7Uﬁtﬂrfﬁmﬁgliﬁﬁﬂ{?ﬁxﬁf@

0.6 i
0.4f y/4
0.2k .(f:;"’

ol /4
0.2t /i
-0.4f 7
-0.6 . ye

Optical deflection angle /(°)

1 | - 1 1 1 L 1
40 60 80 100
Voltage /V

-
-0.8 020

Bl 5 H#EMAE SRR R
Fig. 5 Relation of optical deflection angle

and the driving voltage

B 0K R A AR I R R

Pl 6 k414 s p A e e g i 2 n) DU ) X A8
200 1 T 2 5% MR 5 KR AT 3 B 4R R . 1872,
1960 F1 2364 Hz, B Ai143 51X N T B2 43 B o 19 51
SBEIAS . X 3 BRI IR IE AL T 15 dB,
Forp s 3 Bl R M R MR IE A 2] T 29 dBL e S
7 TS A e A A A S P R M

= DN W
oSO O

—20}

0 T2 3 4 5 6 7
Frequency /kHz
SIS b TS TPAL
Fig. 6 Bode plot of the scanner

4 %‘i_%%'rffi‘il?”ﬁ}?%
TEWOL T IR N v & A SR S B ey B2 PR
T B0 = R AR AR = A A (o
10 Hz)  HLAR IS 4R 6 2 1 B 119 5% ) N BH 2, T H 3R
RN 2 B AT Rl M B . 7E R = A
(100 Hz LA F) ATUB S I 300 25 BT 552 o 91 415 2 1
SRR . PR = MBS T R w5
YRS T A0 238 02 0 A1 25 R VS AR AT 3R ), i 25 5 LR 4
AR SRR R . O T AT ML PR
52 IR AR B 48 T 100,400 T 700 Hz = ffi i 9K 8
AT R R A 2 BR R &l 7 B
H & 7 AT LLE $],100 Hz fil 400 Hz = ff I 3K
BEF g R T IR PR G 0k e iR 51 R I R Y
AL IRG AR IR RIS A B
T T FIF 43 BT = /1 30 60 35 118 A OIS I8k 000 % 7 i 2
TR AR B I B R 23 51 IR . 100 Haz By #ME
7% 1900 Hz 1 2500 Hz 4b#FH 3 T W1 W 4R . Howp
1900 Hz 4b 9 P i B A% E = ff 3% n 17 29 10 dB,
2500 Hz kb 341 7 %9 16 dB, 400 Hz [y 4 3% B 75
2000 Hzgb 5 98 7 Wl R #3735 hn 129 18 dB, {H
JEAE 700 Hz e, (i F 700 Hz (47 U I 45 5 W1
UFAS T T A A I R DR I A L BT I Y i
ViR G FURH FHE A28 WL 58 B A6 39 985 5%



412 i 5|

i it 37 %

MAR L TR B, DL B AT AT LA A L WO R = A B R AR

0.6 0.6 )
@ ) 067
0.41 0.4 0.4
0.2 <02 <02
t/ <4 ~ ~
2 0 5 0 % 0
202 2 oz 2 oz
~0.41 ~0.4 ~04
0 0004 0 0012 0.016 0.020 0 0004 0 00120016 0.020 0 0004 0 0012 0.016 0.020
Time /s Time /s Time /s
0 0 0
CY 20 2000 Hz ” ®
-20 - -
g 900Kz o500, | 2 g ‘
© —40 g -40 3 —40J
Li=) =
2 60 5 —60 LJ 2 60
2 & E
E s 5-80 £ %0
~100 -100 -100
0 1000 2000 3000 4000 0 1000 2000 3000 4000 0 1000 2000 3000 4000

Frequency /Hz

Frequency /Hz Frequency /Hz

7 JGE i A ) s (100,400 A 700 Hz) Z A IRsh H WL (a, by o Jii%(d, e, DFIFMLIE A (g, h

Fig. 7 Triangle waveform actuated scanning

without controller, scanning waveform (a, b, ¢),

spectrum (d, e, f), and scan line images (g, h, 1)

VA A2 il A 1 22 90 i o 0 PR 4 ) S 53 % v 7%
BT 702 R AR A P R4 45 25 X DL S
PR AR AR 32 R A P T R
AR 25 0 = 0 i o 0 DA B 98 1 4 5 38 A8
ME AR 52 2% i) e IR o DRI, B T O R
DRI MR . IR A R AR A
R IR o I i 2L B PRI AE L G AT 8 B . IR A
f e — A RNEOE R AE S R — B 5
AbFRZE (DSP) rfr SEBE . Sl W3 4 4 4 00 I = £ g
FAREWIE 15 20 H AR iy 2, 9K J5 A 40 8 v il 2 %) 3K
BB B AT & I 618 1E 5 M 1D 1k 2 bl B
i DR AT DAARME S R 28 AR WSO R . R B G
U i E AR L B S B L Bl 3 R IR 19 A OB o 4 R R
AU B 23843 ) X8 TN T 3 9 iR AR R B IR AR ik
W PO FE AR AR . &1 9 R T BRI AR
T AR AT A J 2R T DA A3 B i IR AR AT B T
%Eﬂﬁﬁﬂ,ﬂzjﬁﬁw&mmﬂﬁzx dB, A2 A5 3 T B 2

Waveformﬁi) hysteresis _,notch voltage | | laser | 6
generator| 1 compensator [filters| | amplifier] ~scanner

controller

P8 It a1 I 35 2 o HE £

Fig. 8 Open loop control diagram

A A2 . — 180 43T 3 M 2438 Hzfd iR 8] T 3738 Haz,
HI T3 A B SR A 2% HOAHBE BT« PR G A O
FE’J%K“W“%%% TﬂZ%ZiH

30F T T T T T
20
10

Amplitude /dB
I
(=]

o 1 2 3 4 5 6 7
Frequency /kHz
PO T B0 6 405 o A 41 il 5 A9 3 o i €1

Fig. 9 Bode plot of the scanner with open loop controller
T B ETT R 1 s B SEBRAE AT 0T A
FE I =AW ERBIE . B 10, (o) SR B
il 489 100 Hz 1 400 Hz = f 349 . B 10(h) ,
() /R 5 100 Hz il 400 Hz i il 25 w5 (9 47 1
FRL M BE XS L FT AR SR BE i SO 4 BE A v
=B 2E 7 B RS A R E B XF P 7 AT

DA R HIT BRI 48 05 3 10 BOE R4 B2 13 3




2 1 W EMESE . — BRI v B B A% 1T B OO R A8 n BT AR 413
0.8 — scanner with 10, — scanner without controller

=1 -scanner with controller
=] o
B &
R >
TS g 2
k<] %b g
= : =
£ 8 2
& 2 —61 (b) scanning waveform

10 of 100 Hz

0 5 10 15 20
Time /ms,
40, — Scanner without controller
.- scanner with controller
20

Optical deflection
angle /(°)

0 1 2 3 4 5
Time /ms

20 s g waveform
_40 of 400 Hz
0 1 2 3 4 5
Time /ms

P 10 I FR £ # AT IS 89 100 Hz #1400 Hz = i P O MAE LA 2

Fig. 10 Scanning waveforms and nonlinearities of the uncontrolled and controlled scanner at 100 Hz and 400 Hz

T R4, 100 Hz F1 400 Hz (& K H ML M
JE N 6%, 27 %W /NEI T 200,7% . B 11 BoR
TomEE R g S 100 Hz F1 400 Hz = B4 09 1R
F ] LAE A8 B AT v A 2 T W B A R L BR
ROEARTE R,

B 11 inJr sl 45 59 100 Hz #1 400 Hz
SAPAL I

Fig. 11 Scan line images of the controlled scanner at

triangle wave scanning of 100 Hz and 400 Hz

5 44 7

3 A e O R AR R T TR L L RS R
JE LB Sl 45 48, HL A AT i AR BE AT 38 42 0. 357, — B il
YA IE 1872 Hz, AR N 1 £k WoR i 48 B A
B ZR MBS M T 2 A4 %6 (100,400, 700 Hz)
OV R  STESE TN S L X ERE EE ANt
38 7% L 3R 9 200007 AR 8 2 AL A TR B ke 41 A e 4k
ASE AR R o LT T R A A2 38 T 2800 R S K s
W4 D2 45 400 ) T 4 AH 45 A 10 T P s O 3k L 4 i 2
J& #9100 Hz Fi1 400 Hz = f I 71 1 38 2 1 1 43 1) DA
6% .27 % /NEN T 2%, 7% SEEL T AR P A

AT L B AT B/ I REAR R Sl AR N S O
AT OGRS AL L ORI
PN TR Rt AT I FH

& F X M
1 Xu Min, Hu Jiasheng. Analysis and calculation of rotating
polygonal scanner in laser scanning imaging system[]J]. Chinese
J. Lasers, 2008, 35(5): 782~787
VE o HGEIERTE. WOEHE UG e Z R Rl b
B ¥k .2008, 35(5) . 782~787
2 Wang Xiangi, Liao Sheng, Huang Jianming. Study on the
amplitude-frequency performance testing and position demarcating
of optical scanner [ ] ]. Opto-Electronic Engineering , 2004,
31(S1): 73~79
FAR, B Mk, WIS R R AR T 3 R A A A 1Y
WrgE[1]. st 242, 2004, 31(S1): 73~79
3 A. Wolter, S. Hsu, H. Schenk et al.. Applications and
requirements for MEMS scanner mirrors [ C]. SPIE, 2005,
5719. 64~75
4 Ling Ning, Chen Donghong, Guan Chunlin. Two-dimensional
piezoelectric fast steering mirror [ J ].  Opto-Electronic
Engineering » 1995, 22(1): 51~60
BT RARLL, BARAK. WS A ST LT ] el
#, 1995, 22(1): 51~60
5 Wu Qiongyan, Wang Qiang, Peng Qi. Wide bandwidth control of
fast-steering mirror driven by voice coil motor [ ] J.
Opto-Electronic Engineering , 2004, 31(8): 15~18
RUME. £ OSR, Z R.  BE ALK B A R4 ) B B
SEREHILT]. kT2, 2004, 31(8): 15~18
6 M. Hafez, T. C. Sidler, R. P. Salathe e al.. Design,
simulations and experimental investigations of a compact single
mirror tip/tilt laser scanner [ J ]. Mechatronics, 2000,
10; 741~760
7 B. Jens, K. Thomas, G. Lothar. Hysteresis and creep
compensation for piezoelectric actuators applied to the
feedforward control command of flexible structures[ C]. ASME,
2007, 1. 1923~1932
8 M. Sweeney, G. Rynkowski, M. Ketabchi e al.. Design
considerations for fast steering mirrors (FSMs) [C]. SPIE,
2002, 4773. 63~73
9 Li Xinyang, Ling Ning, Chen Donghong et al.. Stable control of
the fast steering mirror in adaptive optics system [ J]. High
Power Laser and Particle Beams, 1999, 11(1). 31~36
WAL T OBRAR LD AR E S RO R G P e A S
mfsE R L], maok s AT k. 1999, 11(1): 31~36
10 F. Claeyssen, R. L. Letty, F. Barillot et al.. Mechanisms based
on piezoactuators[ C]. SPIE, 2001, 4332; 225~233



