




the control chevron is seen in red.  Re-
flectance is a calibrated intensity product 
of the system that allows for materials to 
have the same value whether 5 feet or 50 
feet away from the scanner. Now we need 
to resolve the GPS-induced variations in 
the data to deliver a consistent surface.

Closing the Gap
At this point in the workflow process-

ing, it’s clear that the two scanners on the 
Riegl VMX-250 are well aligned; however, 
the multiple passes need adjustment to 
bring parts of the mission path into a 
closer alignment—probably due to limita-
tions in the accuracy of the differential 
GPS solution. The goal is to reduce any 
vertical offset between passes so the data 
are merged into a single cloud. Although 
the vertical relative alignment of mul-
tiple paths are within the GPS accuracy 
estimate of 2 inches, semi-automated 
extraction programs have a hard time 
determining where the ground lies when 
the point cloud is separated by even these 
small vertical differences.

Riegl Laser Measurement Systems has 
developed scan alignment tools to close 

relative data gaps based on observations 
in the LiDAR data and trajectory qual-
ity information. Such tools allow users 
to quickly analyze and correct data. By 
delivering high-quality data to third-party 
software packages for feature extraction, 
the whole process from collection to data 
delivery is smoother, more efficient and 
able to take full advantage of automated 
classification, segmentation and object 
extraction routines. 

The first step in scan alignment is 
to make cross sections for each control 
point section by making a single section 
and cloning it over the distance between 
control points, as shown in Figure 5. 
Some adjustment is required to trim out 
areas along the road that aren’t of primary 
concern, such as underpasses and vegeta-
tion. Once complete, an initial relative 
alignment calculation can be run for each 
control point site. Then each area is as-
signed a quality indicator, and areas with 
a yellow or red indicator require more 
attention, as shown in Figure 6. 

Each area can be selected for refine-
ment based on a couple of parameters and 
filter options, and an absolute alignment 
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Figure 5. The tool interface allows users to define the size and shape of a cross section to repeat throughout the data.

Figure 6. The Scan Alignment tool quality table shows 
areas that need more attention.

Figures 7 and 8. Changes before (left) and after (right) alignment can be compared in real time.
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can be performed at each control 
point. Shifts can be made to the 
height and across positions for 
alignment. Typically the height 
is adjusted first, and an across 
shift is applied during refinement. 
The maximum plane separation 
distance, plane definition point 
variation and search radius can 
be adjusted to fit the user’s needs. 
The changes before (Figure 7) and 
after (Figure 8) alignment can be 
compared in real time to help 
the user visualize how the point 
cloud has been adjusted.

All changes are reviewed and 
adjusted at control points as need-
ed, and then the data are repro-
cessed to apply the changes. The 
resulting point cloud now can be 
inspected between control points 
for any misalignment pockets. 
Using the scan alignment tool, 
quick work is made of closing the 
gap to mitigate trajectory-induced 
errors in terms of weighted aver-
aging of statistically independent 
measurements, as well as adjust-
ing the data to the accuracy of the 
absolute control.  Some additional 

work to smooth out other parts of 
the data between control points 
may also be done the same way. 
Now the resulting point cloud is 
within the combined noise level 
of the laser sensors and indepen-
dent ground control. In typical 
surveys, the point cloud shows 
vertical deviations of less than a 
half inch, as seen in Figure 9.

End of the Processing Highway
The road of quality control 

analysis comes to an end just 
before the many off-ramps leading 
to feature extraction software. 
The final few feet of the road are 
for data export, which is done 
with ease thanks to the simple 
export user interface in RiProcess. 
In most cases the user simply  
selects a file location and stores 
the point cloud in the ubiqui-
tous LAS LiDAR data file format 
(www.liblas.org). In the next 
issue of Earth Imaging Journal, 
we’ll arrive at our destination 
with a look at some of the feature 
extraction tools and uses of the 
Riegl VMX-250 mobile data.	

53SEPTEMBER/OCTOBER 2011© 2011 Earthwide Communications LLC, www.eijournal.com

Figure 9. A section of the dual-pass adjusted highway displays vertical 
deviations of less than one-half inch.


