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Multifunctional frequency modulated
continuous wave LiDAR for simultaneous 3D
iImaging and multi-parameter sensing

GA, UNITED STATES, August 11, 2026

Anski-o c Mixed beat signal
/EINPresswire.com/ -- A multifunctional L BT
frequency modulated continuous wave w Q - I
(FMCW) LiDAR capable of high- PD K- [Devics3 |

precision ranging and multi-parameter b v
sensing is proposed for the first time.
By detecting the echo signals from
both free space and optical fiber, 3D
imaging and the measurements of
diverse physical parameters, including
environmental temperature, gas
concentrations and liquid density can
be measured simultaneously. The
proposed multifunctional LiDAR
exhibits significant application
potential in fields such as new energy
vehicles and spacecraft.

JFT fnri.L
d

.....

€ y/lFT lIFT {;:H
R D A
Beat3 \\\WVVVWVV\ ToET 7} 3]
a, The basic configuration of the LIDAR monitoring
system. b, The frequency relationship of the LO beam
and probe beams reflected from different devices,
which will generate beat signals of different
frequencies and carry the reflection spectra
informatio
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With the rapid development of new energy vehicles and automatic driving technologies, the
requirements for vehicle perception systems are becoming increasingly stringent. Although
traditional FMCW LiDAR offers high-precision 3D imaging capabilities, its functionality is limited
and cannot detect internal battery states or environmental parameters. Meanwhile, thermal
runaway in batteries poses a significant safety risk for electric vehicles, with early warning relying
on the coordinated monitoring of multiple parameters such as temperature, electrolyte density,
and characteristic gases. Currently, these functions are typically achieved by separate imaging
and sensing systems, leading to high system complexity, elevated costs, and significant
integration challenges. Therefore, developing a multifunctional LiDAR system that combines
high-precision imaging with multi-parameter environmental sensing has become an urgent need
to advance the safety of automatic driving.

In a new paper published in Light: Advanced Manufacturing, a team of scientists, led by
Professor Yongkang Dong from National Key Laboratory of Laser Spatial Information, Harbin
Institute of Technology, China, Zhengzhou Research Institute, Harbin Institute of Technology,
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China, and co-workers have developed
a multifunctional FMCW LiDAR capable
of high-precision ranging and multi-
parameter sensing for the first time. By
detecting the echo signals from both
free space and optical fiber, 3D
imaging and the measurements of
diverse physical parameters, including
environmental temperature, gas
concentrations and liquid density can 0 20 40 60 80 100 120 140
be measured simultaneously. In the Optical path fm)
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experiment, a target at 30 m was
imaged with an adjustable resolution
spanning 0.3 cm to 1.2 cm. Meanwhile,
the electrolyte density and
temperature of a battery were
measured with accuracies of 3x1005
g/mL and 0.5 °C, respectively. The
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The purple line and orange line represents sensing
module and LiDAR module respectively. The green
peaks are generated by FBG, FP, MPC, mirror,
collimator and target, and brown peaks are
generated by fiber connectors.

and CH4), which are critical for
monitoring thermal runaway of a
battery, were measured with detection
limits of 0.07 ppm, 48 ppm, and 0.56
ppm, respectively. The proposed
multifunctional LiDAR exhibits
significant application potential in
fields such as new energy vehicles and
spacecraft.
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By moving the FMCW LiDAR technology
from free space into the optical fibers,
an optical frequency domain
reflectometry (OFDR) is realized, which 3, The actual scene. b, The 3D point cloud image.

can be used in sensing. Similar to

FMCW, the OFDR also uses a linearly

modulated continuous light source for optical fiber measurement, and their positioning principle
is the same. It has unique advantages of high spatial resolution and large dynamic range, and
has been enabled in the sensing of various measurands including strain, temperature, pressure,
and gas concentration. These scientists summarize the operational principle of their camera:

“A multifunctional FMCW LiDAR system is proposed for the first time, which has ability of 3D
imaging of objects in free space and sensing of multi-parameter simultaneously. In concept-
proof experiments, the imaging of a plastic plate with a “HIT” symbol placed 30-m away is



realized. Sulfuric acid solution is used as candidates for monitoring various aspects such as
temperature, electrolyte density. And three mixed gases (C2H2, CO2 and CH4) are filled in a
multi-pass cell (MPC) for the monitoring of gas leakage.”

“In the LiDAR module, the distance of the target can be calculated from the optical path
difference between the collimator reflection peak and the target reflection peak. The reflection
spectra in wavelength domain of the FBG, FP and MPC can be demodulated respectively from
their reflection peaks in spatial domain by IFT.

“The presented technique can simultaneously realize the key functions of automatic driving
system and battery management of the new energy vehicle with only one demodulator. It holds
widespread application potential in the field of new energy vehicles, which is expected to provide
a new integrated solution to improve the safety of new energy vehicles. ” the scientists forecast.
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