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Control

• What is required by the scope of work?

1. Specifications of required accuracy (H & V)

2. What datum is required for final delivery

3. Who is to provide the control and their 
experience performing the task



Specifications of required accuracy
• Accuracy and point density determines the system to be 

utilized in most cases (terrestrial, mobile, airborne).
• Most requirements are specified as points per square 

meter (ppsm) and a value horizontally and vertically.
• As few as 2‐3 ppsm for flood studies to 50+ ppsm for power 

line location for definition of objects
• Horizontal accuracy rarely defined in RFP. Easier to verify 

the higher the point density. Horizontal accuracy is usually 
a component of vertical accuracy requirement.

• Vertical accuracy may be specified as an absolute value 
(1.5cm to 1m) for airborne systems.

• Accuracy may also be required to meet a set of standards 
such as USGS, ASPRS, etc. Especially true when providing 
data to federal and state agencies



Specifications (cont.)

• Control for the purpose of absolute calibration of LiDAR data 
should be located on hard level surfaces.

• If used for evaluating the horizontal accuracy then distinct 
objects such as painted aerial targets or photo identifiable 
objects should be located.  As most of our LiDAR projects have 
an orthomosaic component the control serves a dual purpose.

• Control for validation of the final LiDAR dataset will normally be 
collected on different surfaces (pavement, bare ground, grass, 
kudzu, open woods, etc.).



Datum required for delivery
1. As a contractor we have to assume the client is always right!  

Whatever datum the client requests the contractor is obligated to 
provide.  We deal with this on a daily basis.  If you think NAD27 
and NGVD29 are dead, think again.

2. Most vertical control is required to be in NAVD88 in either meters 
or feet (US or International). But there are areas where this is not 
the case.

3. The higher the vertical accuracy required, the more control 
required, and the method to produce the control must exceed 
the vertical accuracy (if 2cm is required, control can’t be 5cm). 
Roadways usually require spirit leveling while power line control 
usually can be acquired with GPS in various forms (RTK (base and 
network), static, OPUS, OPUS-RS).

4. Horizontal datum is across the spectrum from NAD27 to 
NAD83(XX) to UTM zones to project coordinates.



Providing Control

1. Know your limitations and work within them. If you 
have never provided control to 1cm accuracy 
maybe this one project is not for you.

2. Know the limitations of your personnel and 
equipment. Even if the control is to the CM if the 
panel is painted 0.5m off it will make the data 
appear off.

3. Know the requirements of reporting (they can be 
more demanding than acquiring the control).



CORS, BM’s, Will it fit ?

• If using CORS are they Height 
Modernization stations.  What 
is the spacing?

• If using BM’s are they on the 
datum required (most USGS 
and TVA BM’s are on NGVD29 
for instance).

• If relative to tidal datum 
(MLLW = 0) BM’s associated 
with tide gages are referenced 
to the tidal epoch, some may 
have NGVD29 elevations, and 
some may have NAVD88 
elevations. 



Cessna 206 – N193TA
TUCK MAPPING SOLUTIONS, INC.

Platforms Available 
for LiDAR Missions

Bell LongRanger 206LIII N194TA

Bell JetRanger 206BIII N192TA

Bell 407 N196TA

LiDAR System



Tuck Mapping Solutions, Inc.
LiDAR Platform

TUCK MAPPING SOLUTIONS, INC.





Acquiring Airborne LiDAR Data
• As the trajectory is the single component driving the accuracy of the LiDAR 

data, mission planning is critical.
• The better the satellite geometry the better the chance of acquiring suitable 

data. There are sometimes when it is counterproductive to fly (yes really!).
• With the upcoming geomagnetic storms due to Solar Cycle 24, even more 

emphasis on mission planning will be required. 
• Weather, restricted airspace (you want to do what where?), aircraft support 

staff required and available, etc. affect flight schedules.
• We have utilized both ground stations and CORS on projects in combination. 

The ground control must be relative to whatever we use.
• We usually initialize on the ground but regularly do so on the fly as well. Both 

require 10 minutes of data but on the fly requires a fairly straight line when 
approaching and leaving the base station.

• Communication between aircraft and ground crew is desirable especially 
where cell phone coverage is minimal.

• Current flight plans and suitable data storage capacity are part of the 
preflight review. Our LiDAR systems produce from 250 gigabytes to 1 terabyte 
of data during a three hour mission.



Post-processing of LiDAR Data

• Aircraft data is downloaded and backed up after each flight.
• Flight crew has the capability to review the data set for 

coverage and determine if any gaps exist due to terrain 
primarily.

• The base station data is downloaded and backed up by day 
regardless of the number of flights.

• The aircraft trajectory is computed by combining base station 
and aircraft data.  One second epoch data is required on the 
base station.  The aircraft is capable of collecting data at 0.2 
second intervals.

• The trajectory should look like the following:





Post-processing (cont.)
• Trajectory fixes the position and elevation of the GPS antenna.  

Offsets to the IMU, scanner, and cameras are surveyed.  
Software georeferences data to compute position and 
elevation of LiDAR returns.

• The software defaults to WGS84 latitude and longitude and 
ellipsoid heights in GEOID09.

• Software analyzes data to locate overlapping datasets (planar 
surfaces) and computes the angular misalignment between 
the IMU and the LiDAR scanner to align the data. This is where 
you find out how good your equipment and calibration is.  
Note that control is not being utilized during this process.  It 
may take more than 8 hours for the initial calibration results 
(waveform processed) from a single 3 hour lift and multiple 
runs may be necessary but requiring less time.



Example of flight lines and sidelap used to calibrate datasets



Calibration Report



Calibration Report



Verification of post-processed data

• Control data is compared to a LiDAR derived surface.

• Most of the datasets we have collected check to the control ≤3 cm due to 
multiple factors as noted. Control and base station data are the same and 
are of excellent quality.  Flight planning is critical.  Calibration of the 
system is survey quality.

• Data can be raised or lowered to a base to match the control if necessary.  
Our systems produce data that is normally 1.5-3cm high compared to 
control.  We have multiple systems and all are within the same tolerance.



LiDAR absolute control check 



LiDAR absolute control check (cont.)



Transportation



Transportation



Transportation



Airport obstruction surveys









Utilities





Study of Oxbow Area, White River, AR
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