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Can’t be done, due to inherent tradeoffs between these goals!



Alternative: moving survey platform

Survey speed

* Nearly certain to cover more ground quickly
 What’s the tradeoff? Accuracy
* Objective function:

min{cost + time}
subject to {accuracy < spec}
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Emerging tools & technologies

 Autonomous/unmanned vehicles

* UAS, ASVs, ROVs

e UAS-based lidar and Structure from Motion (SfM)
photogrammetry

* Direct georeferencing: GNSS-aided INS
* Smaller, cheaper, lighter carrier-base based GNSS and
MEMS INS
* New advances in airborne and mobile lidar
* Single photon and Geiger mode lidar
* Topographic-bathymetric lidar
 Satellite-based lidar

* How do we quantitatively assess, compare, and
optimize for our operational use?



UAS + SfM Photogrammetry

* STM

* Relatively new
photogrammetric approach

* Leverages advanced image
matching algorithms from
the field of computer vision

e Can work with a wide range
of viewing geometries and
consumer-grade cameras

* Well suited to UAV imagery!

* Highly automated, easy to
use software
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Empirical accuracy assessments, per ASPRS Positional
Accuracy Standards for Digital Geospatial Data &
FGDC NSSDA

RTK GNSS

Post-

processed
static GNSS
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Slocum, R.K., and C.E., Parrish, 2017. Simulated
Imagery Rendering Workflow for UAS-Based
Photogrammetric 3D Reconstruction Accuracy
Assessments. Remote Sensing, Vol. 9, No. 4:396.



1. Generate Model




2. Texture Model




J. Add Lighting to Scene
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4. Add Cameras




9. Render Imagery
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* Lens Distortion

* Vighetting

* Gaussian Noise

* Salt/Pepper Noise
* Gaussian Blur




1. Process Using Commercial SiM
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10. Compare Dense Pointcloud to Mesh




11. Gompute Gloud to Mesh Distances

CloudCompare




Lower Photoscan Dense Quality = round corners
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Another option: Direct Georeferencing

GNSS-aided
INS

GNSS antennas

Inertial

IMU:
orthogonal triads of
accelerometers and
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DG for UAS-lidar

Example Point Cloud
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Topographic-
Bathymetric Lidar

; St. Thomas/St. John Project Site

St. Croix Project Site

H = 300-400 m (typical)
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Topo-Bathy Lidar Uncertainty Modeling

ANALYTICAL

TUNCERTAINTY
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Subaerial Uncertainty
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Combining component uncertainties

Total Uncertainty =

Jsubaerial? + subaqueous? + datum?

200 - Subaerial Uncertainty Datum Uncertainty
g 100 - Subaqueous Uncertainty (assumed constant)
8 l Total Ung¢értainty
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meters (95% Confidence Level)
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Elevation (m above WGS84)
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Photon Elevations along MABEL Trackline (Channel 11)
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Forfinski-Sarkozi, N.A., and C.E. Parrish, 2016. Analysis of MABEL
Bathymetry in Keweenaw Bay and Implications for ICESat-2 ATLAS. Remote
Sensing, Vol. 8, No. 9.



Comparison with Reference Bathymetry

Reference

RMS=0.7m

144 146 1453 150




Unsolved Challenges

* When more data becomes too much data
* Big data, Al/machine learning, cloud processing
e Data -> information -> insight

* Linking empirical accuracy assessments and
modeled uncertainties

* Sensor/technology-neutral assessment
methods

e Standards, guidelines, and best practices!!

* In an era of accelerating growth in new
mobile/airborne surveying and mapping
technologies, need ways of dismissing hype and
ensuring appropriate technology use to ensure
specs of job are met
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