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ABSTRACT

Optoelectronic instrument principle and design includes the optical, mechanical, electrical and count modules for one
system. We change traditional mode of customary specialty course design for only taking the cell design ability into
account. Optical coherence tomography (OCT) can provide high-resolution 3D imaging system and wide application for
tissue in vivo. In this work, we carry out OCT system— driven teaching into execution in the course design teaching, and
decompose OCT system into four modules for teaching progress. The reform is not only cultivating student design
ability based on OCT system exploitation, improving the engineering ability, but also help scientific research promote

teaching process.
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1. INTRODUCTION

Optoelectronic instrument principle and design mainly includes the optical, mechanical, electrical and count units for one
system. However, these four modules are completely independently in the traditional teaching mode. There is no
connection among the units and lack of system and integrity. Teaching contents in each unit are isolated and far from the
actual projects, which resulted in the poor design ability and the week general application ability and even the bade
whole concept. The reason is that the contents and teaching method of the course design is based on the curriculum, not
the course system.

In order to overcome the problem, we choose the advanced optoelectronic instrument—optical coherence
tomography (OCT) as the object for teaching contents. We carry out OCT system— driven teaching into execution in the
course system teaching, and decompose OCT system into four modules for teaching progress. The teaching method
guarantees all contents including integrated system design, and helps foster students’ capacity of system design.

OCT is a high-resolution, cross-sectional, three-dimensional imaging modality [1-8]. We have studied OCT system

and its application for over ten years [9-10], and have accumulated the enough knowledge for teaching.
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2. IDEAS OF TEACHING REFORM
OCT is based on the principle of white light Michelson interferometer. OCT can be classified into time domain
OCT(TD-OCT) and Fourier domain OCT (FD-OCT). Their mainly difference is design of reference arm. Reference arm
is moving in the TD-OCT, but static in the FD-OCT. FD OCT had two forms: spectral domain OCT (SD-OCT) and
swept source OCT (SS-OCT). For teaching reform, we mainly employed SD-OCT, and then brief introduce the
knowledge about TD-OCT and SS-OCT. Figure 1 show the schematic diagram of the proposed SD-OCT system.
According to SD-OCT system, the teaching contents should contain the choice of optical light source, optical elements
and detector, the choice of optomechanical components, DAQ choice and signal sampling control, and image

reconstruction and image process shown in Figure 2.
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Figure 1. Schematic of the SD-PSOCT system, SLD: superluminescent diode. PM Fiber: polarization maintaining fiber.

C: collimator. ND: neutral density filter. BS: non polarization beam splitter. QWP: quarter-wave plate. OL: objective lens.
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Figure 2 Teaching contents based on SD-OCT system
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3. SOLUTION OF TEACHING REFORM
Optical module is how to select the optical source, optical elements and detector. In order to produce the high axial
resolution, the light source of wide wavelength bandwidth should be considered as shown in Eq.(1). The parameters of
light source was a superluminescent diode (SLD, SSFC10218S, Thorlabs In.) with a FWHM bandwidth of 85 nm centered
at 1310 nm. Choice of light source is the beginning of optoelectronic instrument design.
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where A is the central wavelength, and AA is the wavelength bandwidth.
After introduction of SLD for OCT system, the principle, wavelength distribution and application of different light
sources (such as lamp, light emitting diodes, SLD, and laser shown in Figure 3) are instructed.

Light Source

Lamp Light Emitting Superluminescent Laser
Diodes (LED) diode (SLD)

Figure 3. Type of light source

The optical elements containing fiber coupler, mirrors, scanner, neutral density filter, objective lens, and collimator.
were chosen based on wavelength range of light source. In the Figure 1, the light coupled to a 2X2 fiber coupler
(TW1300R5F2, Thorlabs In.) and then to be splits into the reference (50%) and sample (50%) arms. In the reference arm,
neutral density filter was placed in the beam path to enhance the image contrast. In the sample arm, the light was
delivered onto the sample by an XY galvanometer scanner (GVS212, Thorlabs In.) and an achromatic lens with a focal
length of SOmm. In order to improve the lateral resolution [shown in Eq. (2)], the 10X objective lens (LSMO02, Thorlabs,
Inc.; effective focal length 18 mm, working distance 7.5 mm) was employed in sample arm [10]. The detection arm
consists of a spectrometer (Wasatch In.) with a single-line-scan CCD camera, which contains 2048 pixels.
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After introduction of choosing optical elements for OCT system, the principle, material and application of different
optical element (such as fiber/GRIN lens, lens/mirror, prism/ filter, grating and polarization-dependent components

shown in Figure 4) are instructed.
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Figure 4. Optical elements

In the three types of OCT, the detectors could be classified into point detector, line-scan CCD and array CCD.
Figure 5 show that the teaching contents of detectors included the principle, material, structure, feature and

application of three different detectors.

Detectors
Point Line-scan CCD Array CCD
Photomultiplier tube; Spectrometer CCD;
Photoelectric tube CMOS

Figure 5. The types of detectors
Mechanical module is how to choose the optomechanical components. The cage system were employed in OCT

system. It used four rigid steel rods on which optical components can be mounted along a common optical axis. In

addition, the cage system can be integrated into optical setups using mounting posts and/or lens tubes.
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Figure 6. Signal waveforms for system synchronization. Ch. 0: camera trigger signal; Ch.1: B-scan signal; Ch.2:

C-scan signal

Electrical module includes the DAQ and sampling control. The signals series which control the scanner (including
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XY galvanometer) and CCD are illustrated in Figure 6. They were generated from DAQ card. A digital pulse train (Ch.0)
was generated to trigger the CCD line by line, camera integration time was set at 40 ps, so the image acquisition speed
was 25k A-line/s. Two voltage signals (Ch.1 and Ch.2) were used to drive the x- and y-axis galvanometer scanners to
acquire the B- and C-scans respectively.

Count module mainly contains image reconstruction and image process. Image reconstructions of TD-OCT and
FD-OCT are different. The reconstruction algorithms of TD-OCT and FD-OCT are Eq. (3) and Eq. (4), respectively.
Figure 7 show the main step of image process. There are two parts in the contents. One is the theoretical introduction, the

other is the computer experiments.
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where the first term is the direct current, and the second term is interference components, S, = J S(k)dk is the power
0

spectral density function of light source in the k-space.
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where the first term is the direct current, the second is the cross-correlation term, and the third is the auto-correlation

term. And 7, (Zs ) is the reflection function at the different layer of sample.

Figure 7. Image Process

In addition, the optical elements , mechanical components, and DAQ and scanning control are the same for three

types of OCT.

4. ACHIEVEMENT OF TEACHING REFORM

This work connected four modules in the teaching content of optoelectronic instrument principle and design based on
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OCT system to fuse the knowledge system of the students and improve the comprehensive application ability. The
teaching contents of four module (optical, mechanical, electrical and count modules) were determined by the OCT
system requirements. The students not only strengthen and master relevant theoretical knowledge, but also enhance the
capacity of system design through the study of OCT four modules. OCT system-driven teaching help teachers guide
students to complete a system design from part to whole, and promote scientific research into teaching process to expand

the students' vision. Furthermore, students complete a project and improve the students' comprehensive design ability.
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