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Designing Cameras to Detect the Invisible: 
Imaging and Vision in Harsh Conditions



Imaging and Vision
are ubiquitous 
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ê we canõt stick just to supervision 
to achieve robust vision.
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Edge Cases ?

FRCNN Resnet 50
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òGolden EyeóTune ISP for Object Detection
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End-to-End Models for Edge-Cases

Instead Of Labeling Edge-Cases
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Stage 1: Learning the Differentiable Proxy Function

Stage 2: Optimizing Hyperparameters for Task -Specific Outputs 
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[Ronneberger15]

Stage 1: Learning the Differentiable Proxy Function



Ὢ Ὅȟעȟרᶻ Ὢ Ὅȟע

Ὢ

ᶻר

Ὅ

ע

fl

ײַ

ײַ
Stage 1: Learning the Differentiable Proxy Function



Stage 1: Learning the Differentiable Proxy Function

Stage 2: Optimizing Hyperparameters for Task -Specific Outputs 
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Joint Optimization of 

Hardware Image Processing & Detection

Sensor

ISP

Hardware ISP
CNN Image Analysis
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Trained Proxy

Domain-specific ISP Fine-Tuning
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Object Detection Result vs. Tesla Autopilot
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Object Detection Result vs. Nvidia DriveWorks

Nvidia Drive

Finetuned for this sensor ( AR0231)

Proposed



Low-contrast Measurements in Bad Weather



Optimizing Entire Cameras

Differentiable Compound Optics
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[CodeV]

Todayés Compound Optics Design in a Box!



Todayés Compound Optics Design in a Box!

[Geary2002,Garrard2005,
Walker2008,Sun2015]

Optics Design Software

Á Isolated design
ÁEmploy heuristic merit functions
ÁBlack box

Thousands available online!



Todayés Compound Optics Design in a Box!
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Á Lens Radius
Á Conic Constant
Á Lens Coefficients
Á Lens Spacing
Á Glass Material

This Work äDifferentiable Compound Optics



End-to-end Camera Design äOptics Modeling
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End-to-end Camera Design äProximal Optimization

Nominal Optics DesignEnd-to-end Optimization Training Curve



Experimental Results äTask Specific Compound Optics

Natural Image Capture

Nominal

End-to-end Optimized

Traffic Light DetectionObject Detection



Optimize ע and ע to minimize fl fl fl [Zhang18]
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Experimental Results äAutomotive Object Detection
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Robust New Sensors:

3D Detection in the Presence of Backscatter





Pulsed Laser

Gated Imaging Sensor

Slice 1 Slice 2 Slice 3

Gated Imaging



Vehicle Setup

Stereo Camera
Aptina AR0230
1980 Ἁ1080

Gated Camera
BrightwayVision
1280 Ἁ720

LiDAR
VelodyneHDL64-S3
64-layer

Gated Camera
Laser Sources



Gated3D Architecture



Qualitative Results
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