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Cr:YAG passively Q-switched single-frequency

Nd:YVO, ring cavity laser
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We design and demonstrate a thermally stable four-mirror discrete-component planar ring cavity for Q-switched
laser output. An 880 nm fiber-coupled laser diode is used to pump a-cut Nd:YVOy directly. A magnetic rotation
glass (MR3-2) inserted into a permanent cylinder magnet, in combination with a half-wave plate and the polarized
emission properties of Nd:YVOy, is used to obtain unidirectional laser operation. With this setup, for a pump
power of 5 W, 2.75 W of continuous 1064 nm single-frequency laser output is obtained. Next, a Cr:YAG with
small signal transmittance of 75% is inserted in between the two concave mirrors where the beam waist is located.
Consequently, a passive Q-switching single-frequency linear polarization pulse with an average power of 1.02 W,
pulse width of 60 ns, frequency of 21 kHz, peak power of 810 W, and single-pulse energy of 48 pJ is obtained.
Further, we also propose a new method of using a Fabry—Perot (FP) scanning interferometer to observe high-
repetition rate Q-switched pulse output longitudinal-mode signals. ~© 2016 Optical Society of America

OCIS codes: (140.3480) Lasers, diode-pumped; (140.3540) Lasers, Q-switched; (140.3560) Lasers, ring; (140.3580) Lasers,

solid-state.

http://dx.doi.org/10.1364/JOSAB.33.001815

1. INTRODUCTION

Passively Q-switched lasers, which are extensively used in ap-
plications such as frequency conversion, ranging, radar, and re-
mote sensing, are often required to possess the characteristics of
short pulse widths, high peak powers, fundamental transverse
modes, and narrow linewidths. For such lasers, the ideal output
is a single-frequency output. In this ideal situation, the pulse
time waveform is smooth, and the pulse repetition frequency
and average power are stable. Certain instabilities caused by
longitudinal-mode “beating” also are eliminated [1-12]. In this
context, the practical realization of a single-frequency passively
Q-switched output often involves the use of microchips or
“short” (in terms of length) standing-wave cavity structures
[1-7]. Another alternative is the use of a “longer” standing-
wave cavity with a volume Bragg grating as a mirror [8,9].
Further, unidirectional ring cavity structures also can be uti-
lized. This type of structure eliminates spatial hole burning
effects in the gain medium; thus, combining this structure with
a passive Q element and a monolithic or discrete-component
nonplanar ring cavity can yield increased single-longitudinal-
mode laser power output over that obtained with a standing-
wave cavity [10-12]. Further, in comparison with monolithic
structures, discrete-component structures are more flexible [12].

0740-3224/16/091815-05 Journal © 2016 Optical Society of America

In this study, we design and demonstrate a thermally stable
four-mirror discrete-component planar ring cavity. We use
an 880 nm fiber-coupled laser diode used to pump a-cut
Nd:YVOy directly. A magnetic rotation glass (MR3-2) in com-
bination with a half-wave plate and the polarized emission
properties of Nd:YVOy is used to obtain unidirectional laser
operation. With this setup, when the pump power is 5 W,
a 2.75 W continuous 1064 nm single-frequency laser output
is obtained. When a Cr:YAG with a small signal transmittance
of 75% is inserted into the cavity, a passive Q-switching single-
frequency linear-polarization pulse is realized. In addition, we
propose a new method of using a Fabry—Perot (FP) scanning
interferometer to observe the high-repetition-rate longitudinal-
mode Q-switched pulse output.

2. PASSIVELY Q-SWITCHED LASER DESIGN

According to Degnan’s maximizing peak power optimization
design method [13], when the peak power is designed to be
near-maximum, the corresponding single-pulse energy, pulse
width, and Q-switching efficiency also will be near-optimum.
Taking into account the excited state absorption (ESA) in a
saturable absorber [14] as well as the impact of the beam
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ABSTRACT

We apply the Fabry-Pérot (FP) scanning interferometer, which is normally used for continuous wave
(CW) laser linewidth measurement, for the measurement of pulsed laser linewidths. We analyze the
response of the FP interferometer to continuous and pulsed lasers, also different detectors and suitable
oscilloscope test parameters being selected for the measurement. For low-speed detectors, we set our
oscilloscope to 1-MQ impedance matching in the sampling mode. For high-speed detectors, we use
the same oscilloscope test parameters or 50-Q impedance matching with the peak-detection mode.
With our setup, we achieve on-line linewidth measurement of a nanosecond pulsed laser for single-
longitudinal and multi-longitudinal modes. Meanwhile, the linewidth measurement at different pulse
repetition rates as low as 1 Hz is also demonstrated. The possibility of detecting the linewidth for pulse
widths larger than 100 ps in the 1-um band is discussed. The application range of the FP scanning inter-
ferometer is thus extended to the measurement of pulsed laser linewidths.

© 2016 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

Introduction

The measurement of laser linewidth is integral to many applica-
tions in optical physics, metrology, and telecommunications
among other research areas. In this context, five different tech-
niques based on self-homodyning (SHO), self-heterodyning (SHE),
Michelson interferometry (MI), Mach-Zehnder interferometry
(MZI), and Fabry-Pérot interferometry (FP) have been used for
laser linewidth measurement [1,2]. Among these, SHO and SHE
provide the highest resolution (better than 1 kHz) with appropriate
fiber lengths and Lorentzian line-shapes [3]. MI and MZI afford a
resolution better than 30 kHz with careful adjustment, while the
resolution of the standard FP interferometer is limited to 1 MHz
[1]. However, the use of an optical fiber FP interferometer can
improve the resolution to 4 kHz [4]. Further, the FP interferometer
is the easiest to use among all the above mentioned instruments
and approaches [1]. In general, FP interferometers used to measure
laser linewidths are available in two forms: FP etalons and FP scan-
ning interferometers [4-8]. The former is normally applied for
pulsed laser linewidth measurements [9]. While the latter is gener-
ally used for continuous wave (CW) laser linewidth measurements
[10]. Although researchers have used the latter to measure the

* Corresponding author.
E-mail address: xuejunwen001@126.com (J. Xue).

http://dx.doi.org/10.1016/j.rinp.2016.10.004
2211-3797/© 2016 The Author(s). Published by Elsevier B.V.

pulsed laser linewidth [11-15], their studies have not been
detailed.

In this background, in our study, we carry out a systematic mea-
surement of the pulsed laser linewidth using an FP scanning inter-
ferometer. We analyze the response of the FP interferometer to
continuous and pulsed lasers. Further, we also achieve on-line
linewidth measurements of a nanosecond pulsed laser for the
single-longitudinal mode and multiple-longitudinal modes using
low- and high-speed detectors. Our approach enables linewidth
measurements of pulses with repetition rates as low as 1 Hz. The
possibility of detecting the linewidth for pulse widths larger than
100 ps in 1-pum band is discussed. To summarize, the application
range of the FP scanning interferometer is extended to the mea-
surement of pulsed laser linewidths.

Response of FP interferometer to CW and pulsed lasers

The basic principle of the FP interferometer is multi-beam inter-
ference. For an air gap structure, the factors of mirror surface dis-
tortion, mirror misalignment, scattering losses, and absorptions
in the mirror coatings that affect the FP finesse are ignored
[16,17]. The intensity reflectivity R of the two mirrors is assumed
to be identical. The corresponding intensity transmission is
T=1 — R. When the incident direction of the laser is perpendicular
to the mirrors, the normalized transmission intensity Im(¢) of the
FP interferometer is a superposition of m-wave interference as [18]

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Accepted 31 October 2016 thermal turning of the laser pulse properties. The cavity parameters are insensitive to the

thermal focal lengths of Nd:YVO,4 and Cr**:YAG, which are independently temperature con-
Keywords: trolled. With a pump power of 5W at 880 nm, when the heat sink temperature of Cr**:YAG
Cr‘“{YAG ) is fixed, the temperature of Nd:YVO4 is changed to adjust its stimulated emission cross
g?s;“c,:ir}i’t%lz‘:,el?hed section; its peak power and single-pulse energy are improved from 700 W and 28 pJ to
Single-longitudinal-mode 1900 W and 65 pJ, respectively, as the temperature increases from 0 to 115 °C. The wave-

length tuning under these conditions is about 0.034 nm. When the heat sink temperature
of Nd:YVO, is fixed and the temperature of Cr**:YAG is changed to adjust its ground state
absorption cross section, the peak power and single-pulse energy are decreased by 50%
and 30%, respectively, as the temperature increases from 0 to 170°C. As the temperature
is adjusted, the cavity does not need to be realigned. At each temperature, the output is a
fundamental transverse and single longitudinal mode with stable pulse parameters.

© 2016 Elsevier GmbH. All rights reserved.

1. Introduction

Passively Q-switched lasers are widely used in frequency conversion, ranging, radar, and various remote sensing fields.
Single-longitudinal-mode (SLM) lasers with a smooth pulse waveform and stable pulse repetition rate are the ideal light
source for these applications. Compared with microchip [1], twisted mode [2], short standing-wave cavities [3], a long
standing-wave resonator using a volume Bragg grating as a mirror [4], monolithic [5] or discrete-component [6] non-planar
ring cavity, a discrete-component planar ring cavity in a SLM passively Q-switched pulse output is more flexible [7].

Cr**:YAG displays the properties of stable performance, easy operation, high damage threshold, good thermal conductiv-
ity, and long durable life, and has been widely used in passively Q-switched lasers. By adjusting the pump power, the pulse
average power and repetition rate are changed, while the pulse peak power, single-pulse energy, and pulse width usually
remain almost constant. An effective method to tune the output parameters of passively Q-switched lasers is by changing
the temperature of the gain medium to adjust its stimulated emission cross section [8-11].

In 2003, Bass et al. [8] studied the relationship between the temperature from —60 to 60 °C and pulse energy increase of
a flashlamp pumped Nd:YAG laser. Later, Kimmelma and colleagues investigated a laser diode (LD) pumped Nd:YAG laser

* Corresponding author.
E-mail address: xuejunwen001@126.com (J. Xue).
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0030-4026/© 2016 Elsevier GmbH. All rights reserved.
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The design of F -P scanning interferometer based on PA92

XUE Junwen ; FANG Yujie ; XIE Haijun , SU Binghua
(Beijing Institute of Technology , Zhuhai 519088 , China )

Abstract - A planar -planar 532nm F -P scanning interferometer is designed based on ST M32F103ZET6 single-chip mi- cro
computer and PA92 power amplifier . The principle is analyzed using MATLAB software . PA92 power amplifier is used to
drive PZT . The reflectivity of the mirror is 99% . corresponding to the fineness of 310 . The length of the cavity can be adjuste
d continuously and is set to be 0 .1 ~ 150mm , corresponding to the free spectrum of 1~ 1500GHz and reso - lution of 3 2 ~ 480
OMHz . The voltage and frequency of the PZT can also be adjusted continuously by encoder setting tobe 0~200V and 1~ 100H

z which are displayed on the LED digital tube . The PZT driver can communicate with computer by RS232 serial port , and the v
oltage and frequency of the PZT can also be adjusted continuously by LabVIEW software . The longitudinal mode of a diode-

pumped Nd YVO./KTP green laser is inspected . The system  working well is verified .
Key words : F -P scanning interferometer ; F -P etalon ; laser ; single -chip microcomputer ; ST M32
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Tuning Characteristics of Periodically Poled Crystals
Xue Junwen An Yulei
Abstract

in Optical Parameter Process

Xie Haijun Su Binghua
School of Information Technology, Zhuwhai Campus, Beijing Institute of Technology, Zhuhai, Guangdong 519088, China

Key words

tuning

The temperature-tuning characteristic of periodically poled crystal, taking MgO:sPPLT as an example, in
increasing the poled period, the non-temperature-sensitive characteristic at the mid-infrared range with 1064 nm

the optical parameter process in the near infrared range with 532 nm pumping laser is studied by considering

Sellmeier equation for the change of crystal refractive index with wavelength and temperature, the thermal expansion
crystals.

5l

of poled period with temperature, and the energy conservation condition during frequency conversion process. By

=]

pumping laser is also obtained. Just by adjusting or ignoring the poled period term, and replacing the crystal
OCIS codes 140.3600; 190.4410; 190.4970; 190.4975

dispersion equation, the method can be easily extended to other quasi-phase matched or phase-matched nonlinear

laser optics; periodically poled crystals; optical parameter amplification; optical parameter oscillation;
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Miniaturization of 1080 nm, 80 W continuous fiber lasers

SHI Jingian'?, XUE Junwen®*, SU Binghua'?,
YANG Chunbao®, FANG Yujie?
{ 1 School of Optoelectronics, Beijing Institute of Technology, Beijing 100081, China;
2 Beijing Institute of Technology, Zhuhai 519088, China;
3 Beijing XinfengWeite Photoelectric Technology Co. Ltd, Beijing 100081, China )

Abstract: In order to obtain a 1080 nm miniaturization, high power, continuous fiber laser, a 915 nm
semiconductor laser diode (LD) is used as the pump source, and the resonant cavity is composed of two
fiber gratings. Combining with beam combiner, stripping mold, collimator and other optical devices, an all
fiber laser system is constructed using 12 m Yb-doped double cladding fiber as the gain medium. When
the pump power is up to 118 W, a continuous and stable laser output with a power of 80 W and an optical
conversion efficiency of 68% is obtained experimentally. The laser system is assembled into a self-designed
compact cuboid aluminum housing. The total weight of fiber laser is less than 1.8 kg, and the volume is

200 mmx 160 mm x40 mm. It can work stably in environment ranging from —40 °C to 50 °C.

Key words: laser techniques; fiber laser; all fiber; miniaturization; high power
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An Improved Background Subtraction Algorithm Based on Kalman Filtering

Shi Longchao’*™, An Yulei’*, Su Binghua''***, Wen Bo''?, Dong Zehua'"*

"College of Optoelectronics, Beijing Institute of Technology, Beijing 100081, China;
2School of Information Technology . Beijing Institute of Technology . Zhuhai, Zhuhai, Guangdong 518088, China

Abstract The background difference method based on Kalman filtering cannot adapt to the background update and it
is sensitive to light changes and object moving. A modified background subtraction algorithm based on the idea of
classification is proposed. First, the initial background model is gotten by averaging the first N frames of the video
sequence images. Then, the difference image is obtained from the difference between the Kth image and the
background image. The difference image is split into foreground and background blocks for two times and the
classification criteria are the mean value and standard deviation. The foreground blocks are finely segmented based
on a single pixel, and the moving targets region is determined. Finally, the adaptive background updating is
conducted according to the gray value information between adjacent frames. The experimental results show that the
proposed algorithm can effectively solve the problems of slow changes in external light and slight movement of
objects in the background, and it has good robustness, relatively higher computing speed, and accurate moving
targets area.

Key words image processing; motion detection; Kalman filtering; background subtraction; blocks classification;
dynamic background
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Video stabilization algorithm based on feature matching and motion compensation

Tang Jialing' Zheng Jiefeng'™ Li Xiying’® Su Binghua'
(1. School of Information Beyjing Institute of Technology at Zhuhai Zhuhai Guangzhou 519088 China; 2. Research Center of Intelligent
Transportation System School of Engineering Sun Yat-sen University Guangzhou 510006 China; 3. Guangdong Provincial Key Laboratory of
Intelligent Transportation System Guangzhou 510006 China)

Abstract: In order to output the stable video in real time this paper presented a video stabilization algorithm with mutual
combination between improved feature matching algorithm and global motion compensation in line with aerial video jitter under
complex background. Firstly the algorithm used the scale-invariant SURF algorithm to extract the feature points and calculate
descriptors then it combined with the fast approximate nearest neighbor matching algorithm to obtain the matching points
and then through two-way matching and K-neighbor algorithm to select the best matching points so the matching accuracy
was improved. Secondly this paper proposed a local region matching algorithm to improve the processing speed of the algo—
rithm and avoid the influence of other moving objects in the scene on the video stabilization effect. Finally by establishing an
affine transformation model and solving the transformation parameters of adjacent frame images and furthermore carried out
the global motion compensation for the images. The results show that the algorithm has fast speed high matching precision
and good video image stabilization effect.

Key words: video image stabilization; feature matching; approximate nearest neighbor search algorithm; affine transforma—

tion; motion compensation
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Super-resolution video restoration system based on ZedBoard

Wang Yuanyuan', Su Binghua'?,Qiu Wensheng’
(1. College of Optoelectronics, Beijing Institute of Technology. Beijing 100081, China;
2. Zhuhai Campus. Beijing Institute of Technology,Zhuhai 519088, China;
3. College of Optoelectronic Engineering, Shenzhen University, Shenzhen 518060, China)

Abstract; In order to realize real-time super-resolution restoration of video image, a super-reso-
lution video restoration system based on the ZedBoard programmable system on a chip was de-
signed. The system includes the USB camera video acquisition based on video for Linux 2
(V4L2), the super-resolution restoration algorithm based on wavelet transform, and the
graphical user interface and video output based on Qt. The bilinearity, double cube and wave-
let transform methods were used to restore Lena image, and the peak signal noise ratio
(PSNR) values between the original image and the restored images respectively are 29. 516,
29. 843 and 31. 368, respectively. The experiment results show that the wavelet transform
method proposed is better than traditional interpolation methods, and the super-resolution vid-
eo restoration system based on ZedBoard is effective.

Key words:image processing; super-resolution; ZedBoard; wavelet transform
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Simple Method to Analyze Tolerance of 4-Mirror Ring Resonator
Depending on Solidworks

Li Kun' Xue Junwen® Su Binghua'® Dong Miao' Zhang Wei' Lii Haijuan'
'School of Optoelectronics, Beijing Institute of Technology, Beijing 100081, China
*Information School, Zhuhai Campus, Beijing Institute of Technology, Zhuhai, Guangdong 519088, China

Abstract In order to analyze the change of optical axis in the ring laser resonator, the model of an 8—shaped 4-mirror
ring resonator containing two flat mirrors and two concave mirrors has been established depending on SolidWorks
software. It is simple and intuitive to observe the change of optical axis in the ring laser resonator with the horizontal
shift, vertical shift and the rotation around the optical axis of M2, and it is more close to the actual process of the
adjustment of ring resonator. When increasing the distance between M1 and the crystal, the horizontal and angular
tolerances of M2 are alterred significantly, and the vertical tolerance varys thinly. These results are important for cavity
design, cavity improvement and alignment of high accuracy ring laser resonator, and it can be applied to the tolerance
analysis about other resonators such as triangle ring resonator, square ring resonator and non—planar ring resonator.
Key words lasers; ring laser resonator; SolidWorks; displacement tolerance; angular tolerance
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Design of embedded super-resolution restoration
system based on ARM

Qiu Wensheng' Niu Lihong'" Su Binghua’® and Wang Yuanyuan®
1) College of Optoelectronic Engineering Shenzhen University Shenzhen 518060 P. R. China
2) School of Optoelectronics Beijing Institute of Technology Beijing 100081 P. R. China
3) Institute of Information Zhuhai Campus Beijing Institute of Technology Zhuhai 519088 Guangdong Province P. R. China

Abstract: In order to overcome the disadvantage of the traditional methods for magnifying collected video images by
interpolation we design an embedded super-resolution restoration system based on advanced RISC microprocessor
( ARM) and a wavelet transform algorithm. The hardware platform is an ARM CortexTM-A8 processor ( SSPV210)
as the core processor and the software development environment is embedded Linux. We implement a video image
collecting program based on V412 and a super—resolution restoration algorithm based on wavelet transformation.
Experimental results show that the peak signal to noise ratio ( PSNR) is better than those processed by frequently
used interpolation methods and more detail in the images can be restored.

Key words: image processing; super—resolution restoration; advanced RISC microprocessor ( ARM) ; wavelet

transform; Linux; video for Linux two ( V4L2) port; program for video image collecting; peak signal to noise ratio
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Research on Detecting Algorithm of Moving Target in Aerial Video
TANG Jialin' ZHENG Jie-feng' LI Xiying®* SU Bing-hua'
(School of Information Technology, Beijing Institute of Technology,Zhuhai 519088, China)!
(Research Center of Intelligent Transportation System,School of Engineering,Sun Yat-sen University, Guangzhou 510006, China)?

(Guangdong Provincial Key Laboratory of Intelligent Transportation System,Guangzhou 510006, China)?

Abstract A detecting algorithm of moving target based on the combination between multiple frame energy accumula-
tion and a stabilization method which is combined between improved feature matching algorithm and global motion com-
pensation according to the moving target detection in the aerial video under complex background was proposed. Firstly,
it uses the matching method of local area to increase the processing speed of the algorithm,and avoids the influence of
the moving target on the background compensation. Secondly, it gets the matching points using the scale-invariant
SUREF algorithm in combination with the fast approximate nearest neighbor search method, and screens the superior
matching points with bilateral matching and k-nearest Neighbor algorithm. Thirdly, it builds the affine transformation
model, solves the motion parameters,and makes motion compensation. Finally,it detects moving target through multiple
frame difference accumulation. The simulation results show that the method has good effect on moving target detection.
Keywords Aerial video,Feature matching, Fast approximate nearest neighbor search algorithm, Motion compensation,

Moving target detection
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Study on the fabrication of fiber mode field adaptors by thermally
expanded core technique with an optical fiber fusion splicer

LI Kun', XUE Junwen®, SU Binghua''*, DONG Miao', ZHANG Wei', LV Haijuan'

(1. School of Optoelectronics, Beijing Institute of Technology, Beijing 100081, China)
(2. School of Information Technology. Beijing Institute of Technology. Zhuhai 518088. China)

Abstract: In order to improve the fiber mode field mismatch between different types of fiber for splicing, the core of

the single mode fiber is thermally expanded by adjusting the parameters of the optical fiber fusion splicer. The loss of the

fibers fusion splicing is effectively reduced between the 10/130 pm LMA double clad fiber and the 6/125um single-mode

fiber. The efficiency from LMA double clad fiber to the single-mode fiber is improved to achieve 91%. It is successfully

applied in the product of miniature 1064 nm fiber laser which is researched independently. Under the guidance of thermal-

ly expanded core technique, the fiber mode field adaptors with a fiber fusion splicer are fabricated and the actual loss of

the adaptors with a 1064 nm fiber laser is measured. The experimental results demonstrate that the coupling efficiency

with adjusting the parameters of the optical fiber fusion splicer is effectively improved. A simple and practical method for

fabricating mold field adapters is provided.
Key words: laser technology; mode-field adaptors; thermally expanded core(TEC) ; loss of fiber fusion splicing
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Optimal Bidding Strategy of a Electric Vehicle Aggregator in Electricity Market
GONG Xin', LIN Tao®, SU Binghua®
(1. School of Electrical Engineering, Wuhan University, Wuhan 430072, Hubel Province, Ching;
2. School of Information, Zhuhai Campus of Beijing Institute of Technology, Zhuhai 519085, Guangdong Province, China)

ABSTRACT: With rapid development of electricity market
and electric vehicle (EV), EV aggregator can help EV users to
decrease charging costs by bidding in electricity market.
Bidding model of an aggregator participating in day-ahead and
real-time electricity market was proposed with objective of
minimizing charging costs while satisfying EVS flexible 0
demand. The aggregator was assumed to potentially influence
prices in day-ahead and rea-time market. Bidding strategy of
the aggregator was formulated as a bi-level model, with the
upper level model representing charging cost minimization of

DOl 10.13335/j.1000-3673.pst.2016.09.003

the aggregator, whereas the lower level model representing (-4

market clearing providing market price and energy for the

upper level model. Bids of other market participants and EV

driving pattern were not known to the aggregator in advance. [5]
They were seen as fuzzy variables and random variables.

Uncertainty theory was used to solve this random-fuzzy
programming problem. A numerical example was used to

illustrate feasibility of the proposed method. The results

indicate that the bidding strategy can decrease EVS' charging

costs effectively.

KEY WORDS: EV; bidding strategy; electricity market;
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Super-Resolution Restoration of Low Quality Face Images

Tang Jialin, Chen Zebin, Su Binghua, Li Keqin
School of Information Technology, Zhuhai Campus, Beijing Institute of Technology, Zhuhai,
Guangdong 519088, China

Abstract How to improve the resolution of face images is a classic problem in computer vision. During video
surveillance, since the target person is faraway from the camera, the result is often a low-resolution face image.
Aiming at this problem, we propose a face super-resolution restoration algorithm combining principal component
analysis (PCA ) and maximum a posteriori probability ( MAP ). Firstly, we get the characteristics of the high-
resolution face database based on the PCA model. Secondly, we calculate the representation coefficients of the input
low-resolution face images on these features by MAP and reconstruct the corresponding high-resolution features.
Thirdly, we make the constraint enhancement of the reconstructed features. Finally, we obtain the final super-
resolution restoration images based on the average vector of high-resolution face database. In order to verify the
effectiveness of this algorithm. we make the experiments that the images in the AR face database are amplified four
times using this method and other methods. The result of this method is superior to other methods in either visual
effects or evaluation indicators. This algorithm not only improves the resolution of face images, but also maintains
the edge information of the image better.

Key words image processing; super-resolution; maximum posterior probability; principal component analysis ;
constraint enhancement; AR human face database
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Effect of ZnO Buffer Layer on Mg, ;Zn, ;O Ultraviolet Detectors
HUANG Zhijuan', YU Zhinong', YANG Weisheng®, LI Yan', SU Binghua', XUE Wei'
(1. School of Optoelectron. . Beijing Institute of Technol. , Beijing 100081, CHN;

2. North Night Vision Science & Technol. Group Co. , LTD, Kunming 650223, CHN)

Abstract: Mg, ; Zn,; O thin films were prepared by solgel method, and deep-ultraviolet
detectors with metal-semiconductor-metal structure were fabricated. Effects of high quality ZnO
buffer layer on the optical properties of the Mg, ;Zn, ; O films and the I-V characteristics of the
detectors were investigated. The results show that a slight red shift occurrs in the UV-visible
absorption spectrum of Mg, ;Zn, ;O thin film with ZnO buffer layer. However, the introduction
of the ZnO buffer layer obviously improves the crystal quality of the film. Furthermore, the I-V
curves of the ultraviolet detectors exhibit that the photocurrent of the device increases
significantly with the ZnO buffer layer. At a bias of 20 V, the responsivity of the detector

increases from 0. 035 A/W to 0. 63 A/W.

DOI. 10.16818/j. issn1001—5868. 2018. 03. 004
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Key words: ZnO buffer layer; Mg, ;Zn, ; O; sol-gel method; ultraviolet detectors; optical
response
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