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Boss 18 Sensors 3 Modalities

Junior 13
Sensors 3
Modalities

Sandstorm 7 Sensors 3
Modalities

Stanley 8 Sensors 3 Modalities

VaMoRs 4 Sensors 1 Modality

ALV 2 Sensors 2 Modalities

ARGO 2 Sensors 1 Modality

NabLab 5 1 Sensor 1 ModalityRCA ~1 Sensor 1 Modality





Why is this hard?







How is learning relevant?





Ok Robots…. but how to escape labeling?

•Self-supervision/ Unsupervised 
Learning
•Physics
•Simulation



Can simulation 
give us good 
training data?



























Risk Assessment and Planning with 
Bidirectional Reachability for Autonomous 

Driving
Ming-Yuan Yu

Ram Vasudevan
Matthew Johnson-Roberson
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Underwater Image Physics
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Now Research Scientist
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WaterGAN: Unsupervised Generative Network to Enable Real-
time Color Correction of Monocular Underwater Images

Katherine A. Skinner

Jie Li*, Katherine A. Skinner*, Ryan Eustice and Matthew Johnson-Roberson, "WaterGAN: Unsupervised generative network to enable real-time 
color correction of monocular underwater images." In IEEE RA-L, 2017. *The authors contributed equally to this work.
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Generative Adversarial Networks (GANs)

Katherine A. Skinner
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Reference: I. J. Goodfellow, et al. “Generative adversarial networks,” NIPS, 
2014.
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Generating Realistic Underwater Images
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Stage G-I: Attenuation

Katherine A. Skinner

𝐺!,# = 𝐼$%&,#𝑒'(!∆*

∆𝑧 = Distance along line of sight
βC = Effective wideband atten. coeff.
𝐼 = Image
𝐶 = Color channel



Stage G-II: Backscattering
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Generating Realistic Underwater Images
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Underwater Image Restoration Network
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*Network developed by Jie Li.



Results: Comparison to Other Methods
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Raw Histogram 
Equalization

Gray
World

Modified
Jaffe-

Mcglamery

Shin et al. WaterGAN
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Unsupervised learning enabled by leveraging physics-based 
model of underwater image formation



Depth Estimation
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Results for WaterGAN depth 
estimation

Shallow

Deep



UWStereoNet
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Geometric Constraints Physics-based Models Image Processing



UWStereoNet
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*Disparity network developed by Junming Zhang.



UWStereoNet
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Experimental Setup

Katherine A. Skinner

BlueROV survey at HIMB with ground 
truth structure and color

• Coral reef surveys near Bermuda Institute of 
Ocean Sciences (BIOS)

• Rock platform surveys near Hawaii Institute of 
Marine Biology (HIMB)

Diver rig survey near BIOS



Results

Katherine A. Skinner

Raw Image Depth Map Corrected Color
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Gideon Billings
PhD Graduate

University of Michigan

Underwater Manipulation
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UWHandles – Underwater Handle Pose Estimation Dataset
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1. Detect Tags 2. Tag SLAM

3. Fit 6D poses 4. Annotate



Handles used to manipulate 
underwater tools

WHOI Handle SOI Handle
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ROS Based AprilTag Detection and SLAM
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VisPose – Tool for Annotating Pose in Monocular Image Sequences

114



118

Automating ROV 
Manipulation

Gideon Billings
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ATOM - Autonomous Testbed for 
Obstructed Manipulation
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SMIRC - Stereo and Manipulator Imaging and Reconstruction Cameras

Vehicle mounted 
stereo

Wrist mounted 
fisheye
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Stereo and Manipulator Imaging 
and Reconstruction Cameras

Stereo for 3D reconstruction and 
visual kinematic calibration
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Stereo and Manipulator Imaging 
and Reconstruction Cameras

Fisheye for object detection 
and visual servoing
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Nereid Under Ice Hybrid Tether ROV
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Modeling NUI Doors
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AprilTags for ground truth handle pose

Gen 1 Tag Mount Gen 2 Tag Mount



126

Pick and Place Pipeline
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Field Demonstrations
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SOI Sebastian ROV Realtime Kinematics & Stereo Point Cloud
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Planner Controlled Slurp Gun Sample
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Natural Language Control
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Thank you
for your attention


