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Abstract  Functional near-infrared spectroscopy imaging has become the preferred choice as a neuroimaging
technique of brain function research. To obtain the imaging system with high sensitivity, large dynamic range and
high temporal resolution, we develop a multi-channel near-infrared brain functional imaging system based on
improved lock-in photon-counting. The light source module consists of 16 laser diodes with wavelength of 785, 808
and 830 nm, respectively, which are modulated by square wave with frequency space of 252 Hz. The detection
module includes nine photon counting photomultiplier tubes. This system combines the ultra-high sensitivity of the
photon-counting technology with the simple parallelism of the digital lock-in detection based on square wave
modulation mode, and system performance meets requirements. The linear correlation coefficient can reach 0.9989,
cross talk between channels is negligible. The system has strong anti-interference ability and the ability to locate
accurately.
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Fig. 2 (a) Structure of digital lock-in demodulator; (b) phase characteristics of lock-in in square mode
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Fig. 3 Structural diagram of lock-in photon counting hardware logic implementation
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Table 1

Integration Signal to noise ratio /dB

time /ms one LLD six LDs sixteen LDs
300 44.27 37.72 34.38
500 47.89 41.15 35.52
1000 50.28 42.83 37.87
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Fig. 5 Ability of the system to overcome ambient light
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Table 2 Optical parameters of liquid phantom
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Fig. 7 Schematics of solid-state phantom in experiment. (a) Three-dimensional structure; (b) top view
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