Opto-Electronic Engineering Artl Cle

% ¢ x 4

20184 , 5545% , 55748

DOI: 10.12086/0ee.2018.180052

=905 55 BY 2% B I [A) S0 e s ik

}:é%i;lﬁ:fj";lﬂ’ %/—:{6@1,2*, i‘%@aﬁél'27 E]}Ey:]@lZ
! 300072
2 ( ) 300072

FE. Mk B ATIEEAA N A G RAERAK, MEOUH L SIIEEN T E RGP, RBEFHAKMERE, Rt TATFSHR
AR AR G % 05 HAF AR XABEA M A 5. R R H AR SO 424 w28 2T B 0 5 09 W SUZOLRR A,
J£ CCD ¥ufy L3R stz B AR, ARG, BB RBRIGALE T FA2E 042 A, JHRBAIAR K BE4L B 2 18] 49 B 4] 14)
WBAFE| AR E, SRR BN AGHAZSPEN A 0.005°, FhEREN A BTALIGHADER, AREN
FRENTEI%., ZAGRS T EEMNZTORMEE, BT NG Z K,

KEIA: B4 & WHEAR, Z2EsNE

FESZES: TN206; TH712 XHFRERE: A

SIAMET: RIRF, RAES, FRE, F. HIIRE0 S A NIEOLNK[]. ow 142, 2018, 45(7): 180052

Multi time sequence flashing laser test for high
frequency swing mirror
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Abstract: In order to solve the problem of low sampling rate and to meet the requirements of high frequency swing
mirror measurement, based on the principle of equivalent sampling, a multi time series high accuracy non-contact
swing mirror detection system is designed. First, with the laser pulse control circuit, multi time sequence flashing
laser lighting is achieved and the spot position is obtained on the CCD target plane. Then, according to the image of
the laser spot position, calculate the mirror swing angle and angular velocity by the time interval between adjacent
spot positions. The experimental results show that the angle resolution of the detection system is 0.005°. The time
resolution can reach the microsecond order, and the angular velocity measurement error is less than +7%. The
system improves the sampling frequency of swing mirror measuring and meets the requirements of high frequency
swing mirror test.
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Fig. 2 Principle of the multi time flash laser reflection point measurement
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Table 1 Angle positions and spot displacements

1(°) /mm 1(°) /mm
0.00 0.0000 0.00 0.0000
0.50 8.6498 -0.50 -8.6465
...... 1.00 17.3091 -1.00 -17.3131
1.50 25.9429 -1.50 -25.9805
45 2.00 34.9149 -2.00 -34.9716
B 5 %z s E 2.50 43.4685 -2.50 -43.6283

Fig. 5 Photo of measurement system
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Fig. 6 Photos of light spots in positive direction. (a) No delay; (b) Delay 200 ps; (c) Delay 400 ys; (d) Delay 600 ps; (e) Delay 800 ps
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Fig. 7 Photos of light spots in negative direction. (a) No delay; (b) Delay 200 ps; (c) Delay 400 ps; (d) Delay 600 ps; (e) Delay 800 ys

180052-5



DOI: 10.12086/0ee.2018.180052

8 9
+7% 2 ( 0.005°
) 2.85% (30) 7%
8.5%
:t. N
5 .Q_n 11’%
CCD
CCD
X2 MELERISN
Table 2 Analysis of measured results
/(>-ms™) /e-ms™) J(°-ms™") 1%
50 Hz 0.50 0.5043 0.0142 2.82
50 Hz -0.50 -0.5030 0.0128 -2.55
25 Hz 0.25 0.2526 0.0072 2.83
25 Hz -0.25 -0.2518 0.0071 -2.82
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Fig. 8 Measured values of swing mirror at 50 Hz. (a) Angle; (b) Angular velocity
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Fig. 9 Measured values of swing mirror at 25 Hz. (a) Angle; (b) Angular velocity
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Measurement value of angular velocity for swing mirror 50 Hz

Overview: The angular velocity of swing mirror and its uniformity have an important influence on the working quality
of the system. Some research institutions have studied the angle measurement of the swing mirror. But for the dynamic
swing mirror, especially the high frequency swing mirror, because of the CCD frame rate, the common test system can-
not meet the requirement of high sampling rate in the measurement process. In order to solve the problem of low sam-
pling rate in current swing mirror detection system, a multi time series high accuracy non-contact detection system for
swing mirror is designed, which is based on the principle of equivalent sampling.

In the measuring system, when the laser is reflected by the swing mirror, a light spot is obtained on the receiving
screen. The position of the spot moves with the swing of the swing mirror. The angle of the swing mirror is calculated by
the position of the laser spot, and the angular velocity is obtained according to the adjacent angles and the interval time.
In order to adapt to high frequency swing mirror, we realized flashing laser lighting with the designed laser pulse con-
trol circuit to replace the camera exposure time in the general measurement systems with the laser pulse duration, and
acquired the separate light spot images by adjusting the laser spot size and the pulse cycle. At the same time, in order to
improve the sampling rate of the system, we used time sequence logic control circuit to generate multi time pulse signal
and achieve the equivalent sampling, so as to improve the sampling rate of the system and meet the test demands.

In order to confirm the feasibility of the test method, the test system was set up and was used to test the swing mirror
at different working frequencies. The experimental results show that the angle resolution of the detection system is
0.005°. The time resolution can reach the microsecond order, and the angular velocity measurement error on different
frequencies is less than +7%. In summary, we believe this system and method can improve the sampling rate of the
swing mirror measurement and have the adjustable sampling frequency can meet the dynamic non-contact measure-
ment requirements with high frequency angular speed and amplitude and other parameters under different working
frequencies.

Citation: Cai H'Y, Liang Z M, Huang Z H, et al. Multi time sequence flashing laser test for high frequency swing mir-
ror[J]. Opto-Electronic Engineering, 2018, 45(7): 180052
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