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Can we make safe LiDAR 

systems?

“Driverless car laser ruined camera” (BBC News, Jan 2019)
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LiDAR Problems
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Overview

I. Compressed Sensing

II. System Architecture

III. Signal Model & Reconstruction

IV. Results

V. Conclusion
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Pixel…

Introduction

𝑦 𝐴:𝑚 × 𝑛

𝑥

=

ො𝑥 = min
𝑥

TV(𝑥)

𝑠. 𝑡. 𝑦 − 𝐴𝑥 2
2 < 𝜖

ℓ1 or TV minimization 

𝐴
iid Gaussian

Laser

Compressed Sensing (CS)

[Candès and Wakin 08’, IEEE Signal Processing Mag]

[Duarte et al. 08’, IEEE Signal Processing Magazine]

[Willet et al. 11’, Optical Engineering]
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Compressive Super-Pixel LiDAR

Laser array

Super-Pixel

𝑦1 = [14,… , 176]
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Photon count

1

Photon count

1

Signal Model

Photon count

distance, d

1
𝑑1 = 𝑐

Δ𝑡1
2

Ideal pixel 𝑖 histogram, ℎ𝑖
Observations at pixel 𝑖, ෨ℎ𝑖

Estimate for pixel 𝑖, ℎ𝑖

Photon count

distance, d

1

Let ℎ𝑖 =
σ𝑘

෨ℎ𝑖
𝑘

σ𝑘(σ𝑝
෨ℎ𝑖
𝑘 𝑝 )

=:
(ො𝑥𝑄)𝑖
(ො𝑥𝐼)𝑖

ො𝑥𝐷 = ℎ𝑖 ∘ 𝑑(𝑥𝐷)𝑖 = ℎ𝑖 ∘ 𝑑

Photon count

1
…

Photon count

distance, d

1

Assumption: ො𝑥𝑄 and ො𝑥𝐼 are basis sparse or have small total variation (TV)

iid Gaussian or Poisson

[Howland et al. 13’, Optics Express] 

[Duarte et al. 08’, IEEE Signal Processing Magazine]

Δ𝑡
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Results
Ground truth

Our work:

PSNR = 17.41 dB PSNR = 4.76 dB

PSNR = 21.25 dB PSNR = 21.09 dB

33 ms (30 Hz)

XC 5000 ms

H 43850 ms

ℓ1 209.9 ms

0.82 ms

𝑇𝑉 7193 ms

28.1 ms

parallel

( ො𝑥𝐷)𝑖= max 𝑓𝑖 ⋆ ℎ𝑖
𝑓– instrumental function
⋆ - convolution operator

𝑇𝑉(𝑚 = 4 < 𝑛 = 16)ℓ1(𝑚 = 48 > 𝑛 = 16)

Howland et al. (m=3200 < 4096)
Cross-correlation

Source data: [Ros et al. 16’, 

IEEE CVPR]

t

𝑉𝑖𝑑𝑒𝑜 − ℓ1 𝑜𝑛 𝐺𝑃𝑈

all: sunlight at 1 klux

Source data: [Gaidon et al. 16’, 

IEEE CVPR]
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Can we make safe LiDAR 

systems?

Sparse illumination

Parallelism

• Lower total laser power

• High frame rates

YES!

• Fast sample time


