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EGM702 — Photogrammetry and
Advanced Image Analysis
Week 2, Part 1. DEM Accuracy and Analysis
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1.DEM Accuracy & Analysis
2. Topographic Analysis
3.Spatial Statistics
4.Principles of LIDAR
5.Where to find DEMSs
6.DEM Applications
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l:ster What is a DEM?

Digital Elevation Model

Different flavours:
— Digital Surface Model (DSM)
- Digital Terrain Model (DTM)

Considerations:
- Data source

e digital surface model
I digital terrain model

Polidori and El Hage, 2020

— Application
* What does elevation represent? _ L a
- Orthometric height (above geoid) SN ‘H
- Height above Ellipsoid - ﬂ f“: | % | ~ -"F*-.:uﬂ.-,};

......



h g

yaer ., SysStematic and Random Errors

 Two main categories of error

« Random:

- Related to “image” issues gross error

- Parallax matching, resolution, acquisition modeled ‘

geometry terrain . )
- Not something we can correct mmmmm e e N N
N \_~ N random error
- Mostly affect precision systematic o7 N A N N
) ground error ’

* Systematic: truth

- Bias N

Polidori and El Hage, 2020

External orientation

May be modelled/corrected

Mostly affect accuracy



lﬁ{.ﬁ{grsiw Accuracy and Precision

Accurate Precise

e Accuracy: how close a
measurement comes to
a standard/known value

e Precision: how close two
Or more measurements
are
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lwster Internal Accuracy

e Estimated only from the
calibration & orientation

* Measure using control
points:

— Hold back some points from
bundle adjustment (check
points)

- Bundle adjustment residuals
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° Independent validation Elevation difference histograms
« Comparison to other data sources: Mean: 5.7 m
400001  std dev.: 8.7 m
- High-quality DEMs RMSE: 10.4 m
- GPS measurements £ 300004 Median: 0.1
_ LIDAR wse: 77 m
20000
- ICESat 5
* Example: air photo to AW3D30 100007
global DEM
o
 Can also use derived parameters L T
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« Often, we use mean (p) and
standard deviation (o) to
describe data

Probability density

* Assumption that data are
normally distributed

 For DEMSs, this is often not the
case!

Frequency
5 10 15 20 25 30

e Often, other measures are
more useful
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Ah[m]  Hohle and H6hle, 2009
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 |Instead of p,o0 use:
- p: median (50%) S 4

- ¢: normalized median ofirer- S B | |
absolute deviation (NMAD) Y

— Quantiles (e.g., 68.3%,
95%)

e Less sensitive to large
outliers (robust) Hohle and Hohle, 2009
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lﬂﬁ&?grsiw Summary

 DEMs may represent different surfaces — important to
keep this in mind

* Accuracy & Precision is impacted by different causes

e To evaluate DEMSs, we can use external or internal
metrics (with/without independent data)

* Important to keep statistics in mind — p/o are not
always the most appropriate measures!



lﬁlﬁtfgrsiw Additional resources

* Polidori and El Hage, 2020 [Remote Sensing]
 Hohle and Hohle, 2009 [ISPRS]
 Geschetal.,, 2016 [ISPRS]

* Hengl and Reuter, 2011 [Geomorphometry]



https://www.mdpi.com/2072-4292/12/21/3522
https://doi.org/10.1016/j.isprsjprs.2009.02.003
https://www.int-arch-photogramm-remote-sens-spatial-inf-sci.net/XLI-B4/143/2016/
http://www.geomorphometry.org/HenglReuter2011
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