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mmWave radar is cheap and robust against harsh weather,
but has low distance & lateral resolution

Motivation

Camera mmWave Radar Lidar

Color Vision Great Blind Blind

Distance Resolution Poor Fair Great

Lateral Resolution Great Poor Great

Night Vision Poor Great Great

Rain/Fog/Snow Vision Poor Great Poor

Cost Medium Low High



FMCW Radar
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𝑠𝑙𝑜𝑝𝑒 = 𝛼

IF frequency ∝ round-trip time 𝜏 ∝ distance 𝑑



Challenge 1 : Distance Resolution
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Spectral Analysis:
Longer Observation à Better Spectral Resolution



Challenge 1 : Distance Resolution

time

fre
qu
en
cy

time

fre
qu
en
cy

𝐵

2𝐵

∆𝑑 =
𝐶
2𝐵

𝐶: the speed of light
𝐵: the bandwidth of FMCW

In practice, B is limited (<5GHz) 
due to hardware constraints 
(antenna, oscillator, amplifier)

FMCW:
Larger Bandwdith à Better Distance Resolution



Proposed Method1
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Proposed Method1

𝐸(�̃�) = 𝑒!"# %&'()!& − 𝑒!"# %+&'()!+& "

≈ 2 − cos[2𝜋𝑓, 𝜏 − �̃� ] 4 𝑠𝑖𝑛𝑐[𝐷 4 𝜏 − �̃� ]

Amplitude-modulated signal 
o carrier frequency ≈ 𝑓2
o centered at �̃�
o enveloped by sinc function 

𝐷:constant

Find min"# 𝐸(�̃�) by
exhaustive search (longer computation)
or using sinc envelop

∆𝑑 = 1

true 𝜏



Proposed Method1

𝐸(�̃�) = ℎ(𝑡)(𝑒!"# %&'()!& − 𝑒!"# %+&'()!+& )
"

truncation window

The model based approach can adapt 
multiple radar platforms operating at different 
frequencies.

For example, 
24GHz radar + 60GHz radar + 77GHz radar



Challenge 2 : Lateral Resolution

How to estimate Ange of Arrival?

By spatial diversity

𝜃5,. ∝
1
𝑁

Angle resolution

FMCW:
More Antennasà Better Lateral Resolution



Challenge 2 : Lateral Resolution

Synthetic Aperture Array (SAR)

(constantly) move over the time

In automobile application, 
radar platform does not move contantly

à Require uniform sampling

Non-uniform
Synthetic Aperture Array (SAR)

sampling locations are non-uniform



Proposed Method2

Goal: Recover a signal from a few (random) measurements

Non-uniform
Synthetic Aperture Array (SAR)

sampling locations are non-uniform

𝑟 = 𝐴𝑠 + 𝑤

à Compressive sensing

𝑟: measurements
𝐴: sampling matrix

𝑠: original signal
𝑤: Gaussian noise

min
-

1
2
𝑟 − 𝐴𝑠 " + 𝜆 𝑠 .

Finds the smallest L1 solution 
from the ill-posed linear system



Proposed Method2

randomly sampled from 30% of the full locationsuniformly sampled from the full locations



• This work demonstrates how the performance of mmWave radar can be 
extended. 

• The mathematical model can fuse the multiple radar platforms to
improve the distance resolution. 

• Non-uniforam random SAR will improve the spatial resolution in the 
practical automobile scenario. 

Conclusion



Future Work

• Develop the mathematical model to incorporate more scenarios, e.g.
interference from the multiple objects, noise, reflections

• Study in depth the practical situations of the non-uniform random SAR, 
e.g. how to adapt the location errors, computation time 
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