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Abstract A CMOS lock-in pixel image sensor with lateral electric field charge modulation (LEFM) is used for
time-resolved NIRS (near-infrared spectroscopy) measurement. The developed imager with LEFM achieves a
very high time-resolution of tens of picoseconds and a very short intrinsic response time of hundreds of
picoseconds. These sensor characteristics help to measure the absorption and scattering coefficients of the
biological tissues as well as highly time-resolved images.
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1. Introduction
A near-infrared spectroscopy (NIRS) is a versatile tool for
noninvasive evaluation of oxygen saturation in living tissue with
a near-infrared light-source. The time-resolved imaging devices
make to acquire the absorption coefficient and scattering
coefficient simultaneously.
Recently, a CMOS-based high performance time-resolved (TR)
image sensor has been developed, which has a high timeresolution, a fast intrinsic response, and a low noise performance.
Using the TR CMOS image sensor (CIS) and a theoretical
formula of the light propagation, the both coefficients,
particularly scattering coefficient, of the specimen are
successfully measured.
Fig.2. Photograph of the architecture of NIRS measurement

2. Architecture of NIRS measurement system and
its implementation

3. Experimental results

The block diagram of the proposed NIRS measurement system
with the TR CIS is shown in Fig.1 and Fig.2. Entire system is
composed of FPGA for providing the sensor control signals, a
delay controller, a light source (851nm laser diode), an
evaluation PCB with the TR CIS, and a specimen.
In the preliminary NIRS experiment, the control signals from
the FPGA are transferred into the chip and the trigger signal
generated in the chip delivers to the delay controller. The laser
light synchronized with the trigger signal penetrates into the
specimen, which is the imitated biological tissue. Then the
transmitted signal light through the specimen is sampled by the
TR CIS. Finally, the reproduced signal distribution is analyzed
with the theoretical decay profile.

The experimental results with different specimens are shown in
Fig.3. The blue line is for the water, the green line is for the
0.2% intralipid, and the red line is for the 0.4% intralipid. As
can be seen from this figure, the measured decay profiles are
shifted to the right-hand side by increasing the concentration of
intralipid.

Fig.3. Measurement results with the different specimens
To find out the scattering coefficients from the measured results,
the fitting curve method with the theoretical equation is used.
The scattering coefficient can be calculated by using the formula
of the light propagation expressed as below:

Fig.1. Block diagram of the proposed NIRS system
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Using the high time-resolved CMOS imager, the decay profiles
of the imitated biological tissue have been successfully attained.
The measured data are compared with the theoretical transmitted
intensity curve, and finally, we can confirm the scattering
coefficients of samples using the proposed NIRS measurement
system.
Additionally, the NIRS system with the TR CIS is very suitable
for the pre-diagnosis equipment, e.g., mobile and wearable
NIRS device, because the entire system can be integrated and
compact.
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where, T is the theoretical transmitted intensity, μs’ is the
scattering coefficient, μa is the absorption coefficient, D and z0
is the coefficient of μs’ , ρ is the distance from the point of entry
to the detector, c is the velocity of light. By changing the
scattering coefficient, the different decay curves of the
theoretical transmitted intensity can be obtained. The scattering
coefficient is attained by comparing between the theoretical
curves and the measurement results. The comparison results are
shown in Fig.4(a) and Fig.4(b).
Fig.4(a) shows the measurement results of 0.2% intralipid and
the different theoretical transmitted intensity curves. According
to this result, the scattering coefficient of 0.037mm-1 is obtained,
when the intralipid concentration is 0.2%. Fig.4(b) shows the
measurement results at 0.4% intralipid concentration and the
different theoretical transmitted intensity curves. A theoretical
transmitted intensity curve with the scattering coefficient of
0.09mm-1 is fitted to the measurement result, which means the
scattering coefficient of the measured sample is approximately
0.09mm-1.
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Fig.4 (a) Fitted results and measurement results at 0.2%
intralipid (b) Fitted results and measurement results at
0.4% intralipid.

4. Conclusion
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