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(3) Coherent Wind 

Doppler Lidar
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5. Applications
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A broad range of imaging systems—including FMCW LiDAR, blood 

flow velocimetry, and wind Doppler lidar—can be understood within 

the unified framework of optical heterodyne detection (OHD). We 

developed a scalable Monte Carlo (MC) simulator that accurately 

models multipath effect in complex OHD scenarios. The key idea is to 

express the OHD measurement as a path integral, enabling the use 

of existing physically based light transport techniques.

1. Optical Heterodyne Detection
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3. Proposed Monte Carlo Simulation

(1) OHD Path Integral
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(2) OHD Monte Carlo Simulation
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2. Field (OHD) vs Intensity (DToF) Doppler

𝜆 = 10m (e.g. AMCW 

used in DToF)

𝜆 = 1 𝜇m
(OHD)

In
te

n
s
it
y

F
ie

ld
 A

m
p
lit

u
d
e

Observe 

different 

velocity!

Spot 

Velocity
(Macroscopic dist 

change rate)

Target 

Velocity
(Microscopic 

velocity)

Surface geometry 

relative to 𝜆 

Explicit Move + 

Shift mapping

[Kim et al. 2023]
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4. OHD Speckle Simulation
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