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Like most LIDAR topography scanning projects, the B4 effort
(http://www.earthsciences.osu.edu/b4/Site/Welcome;dath are available from
http://www.opentopography.onghvolved multiple overlapping passes to achieve the return
densities that were desired. Thisatey introduces a type dgicorduroy artifact that results

from the relative mislocation of the different swaths at the decimeter level. Mike Bevis
(http://www.earthsciences.osu.edu/facultios.php?id=7Ponce explained to me that this was

largely due to an error source in the GPS positioning that had a wavelength measured in minutes
and amplitude of a decimeter or so. The plane flies ~50 km long swaths and returns, so the
juxtaposition ofthe different swaths occurs at times separated by minutes to tens of finutes

just about right to see the effect of the GPS error source. | have talked with numerous people,
including Mike Bevis about looking more into this problem by doing some swatbetih s
comparisons. In addition, the swath mismatch problem can be a prototype of actual change
detection, by assuming that the first swathos
actual displacement.

| finally had some time to look into thisgislem. | wrote some MATLAB code which is slow

(see appendicedut it takes any point cloud output frammvw.opentopography.orgnd reads

each line, parsing the x,y,z positions into separate flightline groupsrbgram determines

how many flightlines there are and analyzes each one separately. This includes gridding up the
data to produce a DEM, viswualizing it as a hi
the next. This makes the analysis a bit $anpecause we know that the grid nodes of the

DEMS are in the same places, so it effectively reduces the problem to 2 dimensions and looks at
the vertical difference between the flightlines, but really, it is a 3D displacement as well as

possible rotatiomproblem. But doing a point cloud comparison (cloud match) is not something |

know how do to at the moment.

In my example, | pulled a dataset®f1,318 points in the area of Calimesa near San Bernardino
California See this linknttp://lidar.asu.edu/KnowledgeBase/124875615909578fkma more
extensive KMZ file which can be browsed in GoogleEaftmere were 4 flight lines®'Str_187"
"Str_188™ "Str_189™ ™Str_190The data were separated and gridded into a +i.25

DEM, and figure 1 shows the resulting hillshaddse study area is99 m wide and 355 m tall.

The overall average shot density is 4 shots per square meter.

| subtracted each successive grid from the prior to produce the difference plots in figures 2, 3
and 4 What | did not expect was the range of differences. There are cases of a few tens to a few
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hundred meters of difference, while most of the differencemahe-0.5 to 0.5 m range. The
large differences are actually the result of real changi®iacans, such as different
illuminations ofstructures such dwidges, low altitude atmospheric changes (dust or exhaust),
and movements such as vehicles. The finer differences are probably the resultiofl Gied
error. While theefiner errors areot skewednuch they are biaseseveral cm in each case
(figures 24).

For a detailed example, | took the points from Str_188 and Str_188 from the area aroui@ the |
overpass and selected them interactively and plotted them ifigBibe6é 5 and 6). Thelear

aspect variation in elevation difference is a result mostly of aircraft position relative to the target.
For example, the south side of the bridge looked higher in the first flight (negative means that
Str_188 grid is higher than the Str_189 grith)at can be explained if the plane was relatively
farther south in the earlier flight (makes sense if you look at the hillshades in Figure 1; the plane
was moving north in each swath). In the earlier flight, the laser could see further under the
bridge. Tke opposite is true for the north side. In addition, the elongate blue and red blebs on |
10 are vehicles that were there in the Str_188 flight if they were blue and the Str_189 flight if
they are red, but not there for both flights.

In summary, | did noeasily find the GP$hduced error for which | was looking except for a hint
of it in the bias between the finer differences of scans. | did find actual change in the study area
due do variation in scan illumination direction and in feature movement.
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Figure 1. 4 DEMS shown as hillshades from 4 successive B4 overflights. Note that actual changes such
as vehicle movements are evident from the flightlines whose acquisitions were separated by 10s of
minutes.
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Figure 2. DEM subtraction flight 187 minus flight 188. Upper panels are the differences mapped and the
lower panels are the histograms of the differences in meters. The left panels show the full range of
differences while the right panels limit the differences to -0.5 to 0.5 m.



«10° x10° DEM 189 — DEM188, m

3.7613 | 1 3.7613
37613 | | 3.7613
3.7614 | 1 3.7614
3.7614 | 1 37614
3.7615 | 1 3.7615
37615 | 1 37615 |
3.7616 | 1 37616 |
4945 4946 4947 4948 4949 495 4945 4946 4947 4948 4949 495
x10° x10°
x10*
6 . ‘ ; ,
35
st ]
3
ab ]
> 25
=
3k 1 g 2
o
o
s
2k i
il
1+ i
05
5 i i i i g
-50 0 50 100 150 200 250 -05 0 05

DEM 189 — DEM188, m

Figure 3. DEM subtraction flight 188 minus flight 189. Upper panels are the differences mapped and the
lower panels are the histograms of the differences in meters. The left panels show the full range of
differences while the right panels limit the differences to -0.5 to 0.5 m.
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Figure 4. DEM subtraction flight 190 minus flight 189. Upper panels are the differences mapped and the
lower panels are the histograms of the differences in meters. The left panels show the full range of

differences while the right panels limit the differences to -0.5 to 0.5 m.



Figure 5. DEM subtraction flight 189 minus flight 188 zoomed to the overpass of 1-10. The difference
range is limited here to -0.5 to 0.5. The clear aspect variation in elevation difference is a result mostly of
aircraft position relative to the target. The red box shows the selection area for the points in figure 6.



