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Abstract

In this paper, a multi-wavelength relay beam splitting optical path suitable for industrial lenses and
cameras is designed to meet the needs of blood flow/blood oxygen synchronization imaging. The re-
lay system is divided into three parts: industrial lens, relay system and industrial camera. Based on
the imaging characteristics of the front industrial lens and the device performance of the rear indus-
trial camera, the relay system needs to meet the corresponding optical requirements. The relay system
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is divided into two parts: in the transmitted optical path, a 1:1 conjugate system is designed based on
the deformed double Gaussian imaging system, and the imaging quality in industrial scenarios is
specially optimized; in the reflected light path, based on the characteristics of the oblique binomial
chromatograph, the imaging plane offset and aberration are specially optimized. The design results
show that the system can realize transmission speckle imaging and reflection synchronous blood
oxygen imaging, and the resolution of the dual optical paths meets the requirements of Nyquist fre-
quency. The system has a point resolution of up to 6 um on the set surface, which is close to the dif-
fraction limit and meets the requirements of real-time simultaneous detection of blood flow/blood
oxygen.
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Figure 1. Optical path structure diagram of blood flow/blood oxygen equipment
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Figure 2. Imaging overview (left) and simulated industrial camera (right)
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Figure 3. Common double Gaussian objective lens structure (left) and Steiheil structure triple glued lens (right)
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Figure 4. Basic structure of the relay optical path
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Figure 5. Aberration index of transmitted optical path
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Figure 6. Lateral chromatic aberration map
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Figure 7. Basic structure of the reflected optical path
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Figure 9. Various aberrations and point rows of the reflected optical path
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Figure 10. Modulation Transfer Function (MTF) diagram
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Figure 11. Tolerance analysis data
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Figure 12. Monte Carlo yield analysis results
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Figure 13. Effect of temperature on system imaging performance
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