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Airborne 1 Corporation provides flexible access to advanced 
LiDAR technology for partners in the photogrammetry, sur-
veying and mapping fields.  Airborne 1's digital mapping 
services and solutions include a dedicated airborne LiDAR 
survey group operating Optech ALTM sensors; flexible frac-
tional ownership plans for partners without dedicated ac-
cess to LiDAR technology; LiDAR data processing, analysis 
and application development; LiDAR field survey coordina-
tion and project management.  
 
Airborne 1 was incorporated in 1998, the same year its 
management team took home the coveted USC MBA "Best 
Business Plan" award.  

We’re on the web! 
www.airborne1.com 

Flexible. 
        Accessible. 
                     Affordable.

Get linked to 

This publication is the first in a series of Briefing Notes we will be releasing in the coming months.   
If you’d like to subscribe to this series, send an e-mail to briefing@airborne1.com  

with the subject line “subscribe”. 

Send your e-mail to  
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solution and the IMU 
orientation solution.  
Contributions to the error 
budget include such diverse 
factors as the inherent pointing 
error of the laser, inaccuracies  

(Continued on page 4)

The error budget for a given 
airborne lidar mapping system 
is primarily driven by the 
contributing error budgets from 
the core subsystems; the laser 
rangefinder, the GPS position  
 

(Continued on page 5)

conducted using an 
Optech ALTM 1225. It is 
important when discussing 
lidar accuracy to keep in 
mind that the theoretical 
system error based on a 
rigorous engineering 
analysis of the system is 
generally not achievable in 
the field.   

 
There is growing 
concern and 
confusion in the 
lidar end user 
community about 
the achievable 
accuracy of 
airborne lidar data 
and how this 
accuracy  
impacts products 
certified to various 
established 
mapping 
standards. The  
 purpose of this briefing note 
is to provide background 
information and discussion 
points for lidar users in order 
to better educate them about
lidar accuracy specifications. 
A general discussion of 
system design error budgets 
is complemented with 
examples from recent 
commercial surveys we have 
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T E C H N I C A L  C O N S I D E R A T I O N S :  
E R R O R  B U D G E T  F O R  L I D A R   
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S Y S T E M  A C C U R

service providers are 
currently a source of 
significant debate 

within the 
community.” 
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  Operational consideration

such as variations in GPS
quality, will significantly 
affect the final accuracy. 
addition an end user or 
contracting agency will be
faced with various 
interpretations – and 
misinterpretations – of w
is meant by the accuracy
the lidar data.  Service 
providers are often not cl
about how stated accura
will vary under different 
conditions across the 
project, for example in ar
of steep slope, or how the
stated accuracy will be 
quality checked and  

 
in the response time 
(Continued from page 3) 

(latency) of the 
receiver electronics, 
view angle mismatch 
between the transmitter 
and receiver, sensor 
mounting biases - which 
are the small angular 
misalignments between 
the laser reference 
frame and the IMU 
reference frame - 
inaccuracies in 
measuring the lever arm 
(antenna offset) 

budgets for a given lidar 
sensor it is important to 
understand that the 
final accuracy will be 
limited by the 
convolution of all 
contributors to the error 
budget.  System 
engineers need to 
balance each 
subsystems contribution 
against desired system  
performance to avoid 

rangefinder with sub-
centimeter accuracy 
would not necessarily 
improve overall system 
performance if GPS 
positioning accuracy were 
not improved; an extremely 
accurate IMU 
will not necessarily improve 
pointing accuracy if scanner 
angle measurements are still 
made to only 0.5° accuracy. 
 
For an excellent discussion 
and detailed  
examples of how each 

 
 
 
 
 
 
 
 
 
 
 
 

 
While the error budget fo
particular lidar system ca
be reasonably well define
by proper system 
engineering analysis that
considers the inherent 
inaccuracies of its 
components, the final 
operational accuracy that
can be achieved is gener
worse than the theoretica
limit and hence more diff
to specify and open to 
interpretation.  The accur
specifications quoted by 
system manufacturers an
service providers are 
currently a source of 
significant debate within 
community, especially 

ongst end users of lida
ta.  This is in part due t
k of clear definitions o
at is meant when 
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controlled.  Lidar system 
manufacturers are often 
vague about the 
conditions under which 
system specifications 
apply and are generally 
known to quote 
specifications that are 
best case or  averaged 
across expected results.   
 
At Airborne 1 we feel an 
educated end user will be 
able to make better 
decisions about lidar as a 
suitable tool for their 
project.  We hope these 
briefing notes will help. 
 

stating accuracy for lidar
data.  Different 
interpretations of 
common terms, 
competing claims 
among stakeholders, 
along with confusion 

r a 
n 
d 

 

“extremely accurate 
IMUs would not 
necessarily improve 
pointing accuracy if 

scanner angle 
measurements are 
still made to only 

“The accuracy 
specifications quoted 
by LiDAR system 
manufacturers and 

between the GPS 
antenna phase center 
and the reference point 
of the laser output - 
usually taken to be the 
center of the output 
mirror - and the error 
inherent in recording the
scanner angle at the 
moment of each pulse.   
 
In considering error 

system parameter 
contributes to overall lidar 
system accuracy, see 
Baltsavias (1999a). 
 
For an independently 
published analysis of lidar 
accuracy using commercial 
sensors, 
see Kraus & Pfeifer (1998). 
Shrestha et. al. (2000) and 
Gutierrez et. al. (1998). 

 
 
 
 
 
 
 
 

between theoretical or 
operational accuracy 
specifications also 
contribute to the lack of 
acceptance and 
skepticism regarding 
lidar accuracy claims.  
The ASPRS LiDAR 
Subcommittee is 
working hard to 
establish guidelines for 
calibrating lidar systems 
and providing commonly 
accepted definitions of 
lidar accuracy in an 
effort to standardize 
these specifications. 
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System Accuracy Specifications 

A recent volumetric survey conducted using our ALTM 
1225 was flown for 0.5 ft RMS accuracy.  The 
survey was flown at 2500 feet and 20,000,000 
points were collected covering 5 sq. miles.  
Ground control was based on 400 control points 
and kinematic GPS profiles.  The results are 
shown in Table 1 which lists the min, max, mean 
and standard deviation of the lidar data from 

ground control (all units US Survey Feet). 

P R O J E C T  S T U DY  #1  

Min -0.58 
Max 0.40 
Mean -0.07 
Stdev 0.16 
RMS 0.17 

Table 1  
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this limit. 2 sigma (95%) 
or 90% (1.6 sigma) 
specifications are 
generally not mentioned. 

2. Accuracy specifications 
are generally taken 
across the entire scan 
width of a system 
despite the fact accuracy
will decrease with 
increasing scan angle; it 
is common to see the 
quoted accuracy being 
the average of the error 
at min and max scan 
angles. 

3. Accuracy is generally 
taken in the GPS 
reference frame so 
effects of geoid modeling
are ignored. 

4. Accuracy analysis is 
generally taken by 
comparing to known 
ground control points but
details of how this was 
done are generally not 
included. 

 
(Continued on page 15)

 A brief survey of accuracy 
specifications published 
current service providers and 
system manufacturers would 
reveal specifications of 15 
cm vertical and 50 – 100 cm 
horizontal are common.  The 
published specifications 
generally provide little 
information on how this 
accuracy is measured 
including such critical 
information as operating 
altitude, full or limited scan 
angle, target type and slope, 
GPS quality required to 
reproduce etc.  Some notes 
to keep in mind when 
discussing lidar accuracy: 
 

1. Manufacturer’s 
accuracy specifications 
are derived from 
statistical sampling of 
the lidar data and are 
generally quoted as a 1 
sigma spec, meaning 
~68% of the data will 
fall within  
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IMU Orientation Error 

Another  recent preliminary engineering and 
vey was flown for 0.5 RMS accuracy.  The su
flown at 3000 feet and over 50,000,000 
points were collected covering 5 sq. miles.  
Ground control was based on  90 control 
points and kinematic GPS profiles.  The re-
sults are shown in Table 4 which lists the 
min, max, mean and standard deviation of 
the lidar data from ground control (all units 
in US Survey Feet). 

P R O J E C T  S T U DY  # 4  

ccuracy Specifications 
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(Continued from page12) from the IMU but rat
the sum of its compo
A sensor with a perfe
providing absolute 
accuracy measurem
the platform orienta
would be wasted if t
scanner subsystem 
had an accuracy of 0
general, when consi
final achievable accu
for the lidar sensor, 
engineers must cons
the entire error budg
not simply focus on 
IMU. 

 

A

namics in the scanner 
mirror motion, especially 
for single-axis as opposed 
to rotating scanner 
systems, and laser pointing 
errors.  Many of these 
effects can be minimized - 
but not eliminated - by 
proper system calibration 
prior to data collection and 
proper system modeling 
during post-processing.  
However, it is important to 
keep in mind that the 
angular error budget –  
the orientation error –      
is not just derived  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 (Continued from page 6) It is always prud
to request a cert
system calibratio
and accuracy 
analysis from the
lidar system 
manufacturer or
service provider.

 5. Accuracy analysis 
tends to focus on 
vertical accuracy (Z) 
and details on how 
planimetric accuracy 
(XY) is verified are 
vague. 
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design sur-
rvey was 

Min -0.85 
Max 0.54 
Mean -0.02 
StDev 0.29 
RMS 0.29 

Table 4  
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In summary, the vertical accuracy we are seeing from our 
Optech ALTM 1225 based on our last five field projects is 
as follows: 

 

A C C U R A C Y  S U M M A R Y  F O R  
L A S T  5  A I R B O R N E  1  P R O J E C T S  

Project Goal 
(RMS, feet) 

RMS 
(feet) 

#1 0.50 0.17 

#2 0.50 0.40 

#3 0.50 0.10 

#4 0.50 0.29 

#5 0.50 0.15 

Avg  0.22 
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FEMA PUBLISHES APPENDIX 
FOR LIDAR 
 

As part of its Map Modernization Plan, FEMA has developed 
a specification for the production of elevation data for flood 
studies using LiDAR systems.  This has been incorporated 
into Appendix A of the new Guidelines and Specifications 
for Flood Hazard Mapping Partners. 

The Appendix includes FEMA's requirements for LIDAR sys-
tems to gather the necessary data to create digital eleva-
tion models, digital terrain maps and other National Flood 
Insurance Program products. FEMA is working with the Na-
tional Digital Elevation Program and coordinating with the 
American Society of Photogrammetry and Remote Sensing 
to support the develop of broad government and industry 
standards for LIDAR and other advanced remote sensing 
technologies. As these standards are adopted, FEMA in-
tends to replace the current FEMA standard with these 
broader standards.  This guidelines are available at    
http://www.fema.gov/mit/tsd/dl_cgs.htm.   
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