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“Before writing an RFP or initiating a solicitation for professional services or data, it is important that the 
author understands the scope of the needs, the stakeholders, and what type of solicitation is required.” 

CHAPTER 1
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Research & Proposal



SECTION 1

Before writing an RFP, performing Market Research, or initiating a 
solicitation for professional services or data, it is important that 
one understand the scope of the needs, the stakeholders, and what 
type of solicitation is required. 

How best to procure and the eventual cost of the needed services 
is highly dependent on the scope of the project. Important ques-
tions to consider include the following:

Have the stakeholders (the individuals, organizations or groups 
that will bear the cost, use or benefit by the procured services) 
been identified? 

Orthoimagery

An ortho is a photograph prepared from a perspective photograph by removing displacements of points caused by tilt, relief, and perspective. 

Project Scope
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Have the needs of the stakeholders been systematically identified 
and addressed? How will their needs affect scope, schedule, and 
costs? 

Downstream Users: Have potential users (or benefactors) of the 
data or professional services been identified? Do their needs or use 
of the data affect the project scope? 

Team Size: Will the solicitation require a single contractor or a 
large team of contractor(s) and subcontractors? The project can be 
an order of magnitude more complex to administer if multiple 
firms (or teams) are needed.

Capacity of Service Providers: Is the capacity of the profession suf-
ficient to meet the needs in the required timeframe? Some projects' 
scope, timeframe, or specifications may be unachievable using 
available providers. Consider changing the scope or timeframe of 
the project.

Technology: Have we identified and do we understand the rele-
vant technology and options needed for the required professional 
services and data?

Costs: Do we understand the relative effect on “costs” for each 
specification described? Have alternative solutions been discussed 
that meet our objectives?
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SECTION 2

How professional services or data are solicited is often mandated 
by law. When a specific method is not mandated, there are several 
methods available. The method used can have a significant bear-
ing on the outcome of the project and quality or timeliness of the 
services and data rendered. Common sense, good judgment, and 
verification of qualifications are prerequisites to a successful pro-
curement.

REQUEST FOR PROPOSALS (RFP)
A request for proposal is an invitation for offerors, often through a 
bidding process, to submit a proposal on a specific commodity or 
service. RFPs often dictate the structure and format of the offeror’s 
response. They are a price-based solicitation meaning that the of-
ferors bidding on the project must include pricing information 
with the proposal. 

What Quality Of Service Do You Need?

The method used for procuring professional services can have a significant bearing on the outcome of the project and quality or timeliness of the services 
and data rendered. Common sense, good judgment, and verification of qualifications are prerequisites to a successful procurement.

Solicitation Type
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An RFP can very clearly describe the specifications of a project: 
budget, benchmarks, expected outcomes, standards, etc. Offeror 
proposals provide a basis for choosing among seeming equals. But 
are they equals? Are they equally qualified to perform the services 
and deliver the data as you requested when you requested? Is one 
offeror’s proposed methods superior or more likely to produce the 
required deliverables than another's very different methods? When 
procuring professional services, using RFPs may not always be the 
appropriate tool.

Professional services are not commodi-
ties. They are designed and prescribed to 
fit the specific needs of the stakeholders. 
They are often unique and tailored to a 
specific scenario. They cannot be pur-
chased at Ace Hardware or off-the-shelf. 
Additionally, the taxpayer and other 
stakeholders need some measure of con-
fidence that the services or data meet im-
portant quality and safety standards and 
that the services or data were delivered by qualified professionals 
not just by anyone that won the bidding contest.

The major drawback to this approach when procuring professional 
services is that the stakeholders have been unable to leverage the 
expertise of the professionals in the firms so the project design is 
optimal and designed to deliver maximal value to the stakeholders 
using the wisest mix of technology and methodology. Instead, the 
RFP may dictate exactly what deliverables were needed and when. 
The bidders often propose very different methods to meet those 
specifications. This then leaves the review board (often populated 

with few members qualified to assess the technical or practical mer-
its of a proposal) in the position of deciding which method has 
maximal value and makes the most sense except by comparing 
price which is often the an unreliable indication of competence or 
quality.

QUALIFICATION-BASED  
SELECTION (QBS)
Selecting qualified geospatial professionals is a key ingredient to a 
successful project. The project design will determine the costs, fi-
nancial and functional feasibility and the operation and mainte-
nance costs during the life of the project. QBS is an objective, flexi-
ble, and fair process to select professional engineers, photogramme-
trists, land surveyors and GIS technicians based on the profession-
als' experience and credentials. Only after qualified-firms have 
been identified and selected is “pricing” negotiated. The pricing is 
often negotiated after consultation with the firm about the applica-
tion of best practices to meet the needs of the stakeholders. The 
cost of services plays no role in the initial selection of qualified 
firms. 

Fifty states impose strict educational and registration or licensing 
requirements for surveying professionals, and many include map-
ping in such licensing laws.  The high standards established by or-
ganizations for their members exemplify the professional nature of 
their work. These standards are designed to protect the public 
health and safety during and after contract performance. Some 
states even prohibit licensed professionals from engaging in com-
petitive bidding.
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The Brooks Act (Public Law 92-582), passed in 1972 rejected idea of 
price competition for architectural and engineering services and en-
acted the federal Brooks A-E Act. Surveying and mapping activi-
ties are included in the definition of A-E services defined by the 
Brooks Act. The FAR Act [(FAR) 48 
CFR 36.601-4(a)(4)] specifically in-
cludes surveying and mapping activi-
ties as services subject to section 
36.601 of this act and must be pro-
cured using QBS. Since that time 
many states have implemented simi-
lar legislation commonly referred to 
as “mini-Brooks Acts”.

QBS protects those procuring profes-
sional services by ensuring that only the most qualified firms can 
be awarded the project. It minimizes the probability (although 
does not guarantee) that unqualified or poor performing profes-
sionals perform the contracted services. All bidders' qualifications 
are assessed independent of price and un- or under-qualified firms 
are discovered and eliminated before contract award. Using price 
bidding procedures, however, the low bidder wins regardless of 
their "fitness" or qualifications for delivering the professional serv-
ices. 

The entity procuring professional services often does not have the 
expertise required to adequately define the scope and operational 
methods to accomplish project objectives. This can lead to misun-
derstandings and misinformation about the project scope and ex-
pectations and ultimately to deliverables that may not meet the 
needs of the stakeholders.

For a more thorough explanation of this subject please see:

•  “Quality Based Selection for Professional Mapping Services,” 
Appendix A of this document.

• “Detailed Workbook for Qualifications-based Selection,” Ameri-
can Council of Engineering Companies (ACEC), November 
2004, http://www.qbs-mi.org/pdf/2004_QBS_workbook.pdf 
(accessed January 5, 2010).

• American Institute of Architects, Qualifications Based Selection: A 
Process for the Selection of Architects by Public Owners (January 
2006).

PROCUREMENTS USING A MIX OF 
PRICE AND QUALIFICATION
When QBS is not the legislated procedure for procuring profes-
sional services, solicitation procedures can be used that balance the 
tension between price and quality. Often this process may use an 
RFP but request that pricing be submitted in separate sealed enve-
lopes. Then the RFP review board selects one or more proposals 
based on their references, experience, the quality of the proposal, 
and the aptness of the methods. Only after this decision on the 
firms most qualified to perform the services are the price quota-
tions of the qualified firms reviewed and a selection made.

The major drawback to this type of approach is similar to that of 
the RFP process.  When the insight and skill of geospatial engi-
neers and professionals are not used to design an approach to the 
problem that best matches the need of the stakeholders, the qualifi-
cations of the firm, and the merits of existing technology, the safety 
of the public and value to the taxpayer can be compromised. Be-
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SECTION 3

Licensed data is data not wholly owned or controlled by the licen-
see. All or part of the ownership and control of how the data is 
used resides with the licensor. The licensor grants the licensee cer-
tain rights and privileges for using the data. Frequently, the data 
may not be resold or used by entities other than those listed on the 
license.

License terms are many and varied. Some of the more common or 
most discussed include the Creative Commons license, the Open 
StreetMap license, and ODC Open Database License (ODbL). 
There are a number of legitimate reasons why data procured using 
public monies should and should not be available without cost to 
the public which are fascinating but beyond the scope of this dis-
cussion.

Licensing Data

If licensed, the data can often be procured at less expense because the licensor is able to sell or lease the data to multiple parties. 

Licensing Data
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Once the data for a geospatial project is procured, will it be li-
censed or wholly owned by you? If owned by you, how will you 
control its distribution? Will you require some type of payment for 
costs associated with requests for the duplication of the data? Will 
you allow others to make derivatives from the data? Can others ob-
tain copies and resell it?

If licensed, the data can often be procured at less expense because 
the licensor is able to sell or lease the data to multiple parties. Con-
versely, there are added costs associated with managing the license 
that should be carefully considered.  Licensed data often includes 
flexible terms such that any government agency (and related agen-
cies and contract personnel) is allowed unrestricted internal use of 
the data. If licensed, how will access to the data be guaranteed if 
the licensor is purchased, sold, or goes out of business? Who will 
need access to this data? How will the data need to be used: 
streamed, downloaded, processed? What uses of the licensed data 
are allowed? Can the data be resold by me or others? Are other 
agents for our organization (e.g., subcontractors or associates) al-
lowed to use the licensed data? These and many other questions 
should be answered before agreeing to purchase licensed data.
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SECTION 4

Will the project proposal and qualification materials be required as 
bound paper or digital submissions? Procurements are often re-
leased that require multiple bound paper copies even when digital 
copies would be less expensive and facilitate more rapid dissemi-
nation among contracting officers and other staff. Requiring hard 
copy submittals may be convenient for some, but is often more 
costly and cumbersome.

Classified LiDAR

Files may define the classification as ground and unclassified while another user prefers to see the unclassified further classified to additional levels, in-
cluding vegetation, buildings and water.

Paper or Digital Submissions
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SECTION 5

A bid bond (or surety bond) is a financial guarantee ("insurance" 
issued as part of a bidding process) to the project owner, to guaran-
tee that the winning bidder will undertake the contract under the 
terms at which they bid. The bid bond protects the purchaser 
against financial loss if the bidder withdraws its bid or does not, 
within the time required, enter into a formal contract. 

Bid bonds are an unnecessary expense if the professional services 
are procured using QBS and other methods that ensure only firms 
with demonstrated qualifications and performance are contracted. 
If QBS or similar contracting procedures are not used, then bid 
bonds may bring a measure of confidence that the services will be 
rendered but not without added cost. A bid bond does nothing to 
ensure that the services procured will be from quality profession-
als.

Triangular Irregular Network (TIN)

A TIN is a vector-based model which represents geographic surfaces as contiguous non-overlapping triangles. The vertices of each triangle are known 
data points (x,y) with values in the third dimension (z) taken from surveys, topographic maps, or digital elevations models (DEMs). The surface of each 
triangle has a slope, aspect, surface area, and continuous, interpolated elevation values.

Bid Bond
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SECTION 6

When procuring professional services it is important to enlist the 
technical expertise of those professionals most knowledgeable 
about those services. These are usually experts working with the 
firms that will be competing for the procurement. It behooves the 
contracting officer to engage these experts to the maximum extent 
possible to help define deliverables using the best technology and 

best practices so the value and utility of the procured services are 
maximized. 

Technology changes rapidly. Recent advances in technology may 
make one type of deliverable or method of delivery more expen-
sive or less important than one in common use previously. Some 
qualified firms may have procured new equipment or discovered 
superior methodologies that the contracting officer could not be 

Mobile & Airborne LiDAR

Mobile and Airborne LiDAR data can be merged to create a full three-dimensional picture of a any location.  In this example, the red data points repre-
sent mobile LiDAR acquisition and the white points were acquired using an aircraft.

Deliverables
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aware. Therefore, it is important that contracting officers consult 
with qualified firms and discuss the fundamental needs of the end 
users and exploit the professionals’ expertise to define the deliver-
ables and methodology used to create and deliver them. 

If deliverables are defined in 
the solicitation without this ex-
pertise it may likely create un-
welcome tension with “best 
value”. If professional services 
are procured as “lowest price” 
this can often deflate the util-
ity of the final product to the 
end user, at best, and at worst 
create public hazards.

It can at times be advantageous to allow contractors to propose ad-
ditional deliverables (or different formats) if that would improve 
the final product or enhance production efficiencies. Contracting 
officers should also be cognizant of the fact that deliverables cost 
money and if unnecessary reports or other deliverables are re-
quired, it takes funds away from the actual intent of the project.

The discussion below lists many of the most important factors that 
should be considered with a specific type of deliverable in a map-
ping project. The importance of each to the scope, cost, and com-
plexity of the project is also indicated using a "star" rating system. 
Because end-user needs and technology are in constant flux this 
cannot be an exhaustive list. But given the state of technology and 
business today, the factors listed below, if understood and carefully 

considered with geospatial professionals, should contribute to a 
more successful procurement.
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SECTION 7

I love amazon.com. Knocking off my Christmas list by finding the 
cheapest price for all is glorious. Reading real customer reviews 
about the product ... priceless. By using Amazon-like tools, I am 
fairly certain that the best price is happening. Procuring profes-
sional services can't and shouldn't be procured as if they are wid-
gets.

We all want a "deal". This economic freedom of downward pres-
sure on "price" and upward pressure on value by encouraging in-
novation and performance is what has driven America to be the 
most incredible economic engine with the most personal liberty 
the world has ever known.

Professional Services, Not A Simple Commodity

As professionals procuring "stuff" we are accountable to others for the money we spend and the things we buy. But professional services are not "wid-
gets". Your health is not a widget. Your tooth extraction is not a commodity item. Building a bridge or acquiring a useful digital terrain model (DTM) is 
not the same as hiring someone to service your photocopier or replace your oil filter. 

Opinion: How NOT to Procure Professional Services
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As professionals procuring "stuff" we are accountable to others for 
the money we spend and the things we buy. But professional serv-
ices are not "widgets". Your health is not a widget. Your tooth ex-
traction is not a commodity item. Building a bridge or acquiring a 
useful digital terrain model (DTM) is not the same as hiring some-
one to service your photocopier or replace your oil filter. There is 
value in how the dentist extracts my tooth, manages my pain and 
treats me when I'm in his office or being billed. There is value in 
how a DTM is acquired and produced. Its accuracy and timely de-
livery add value. There are better ways to procure professional 
services than simply "lowest price".

So as our profession works through another "procurement" season 
and many RFPs for professional services hit the streets, here are 
ways NOT to procure professional geospatial services.

How NOT to Write a Solicitation
1. Cut & paste specifications into your proposal from others if they 

are "pretty close" to what we want. A little ambiguity is ok.

2. Be unclear in specifications because we don't mind comparing 
apples or oranges. What’s wrong with bidders making wild as-
sumptions about what we really want and how we will score 
their proposals.

3. Go ahead and use terms you don’t fully understand, e.g. topo, 
aerial, geoid, DEM/DTM. That's what everyone else says is 
needed.

4. Don't ensure all the technical requirements are sufficiently de-
scribed. It's not really important to us to differentiate between 
acceptable and unacceptable bids or discover a "better ap-
proach" among the proposals.

5. Don't have the RFP final draft reviewed by knowledgeable pro-
fessionals to ensure it is clear and aligned with our actual needs. 
We love to answer dozens of questions from respondents about 
the same puzzling specification.

6. Use the same specs as last year. Technology and innovation 
never occurs.

7. Set the minimum acceptable technical and performance require-
ments good and low so everyone can bid. 

8. Specify the actual flights heights from which you want your im-
agery and lidar acquired. After all aren't all sensors the same. I 
know I’m not an operator of that sophisticated equipment, but I 
do "know" how best to acquire it.

Professional geospatial services are, by definition, complex. Every 
procurement is unique. It's not like making "frisbees". Weather, 
stakeholder demands, equipment performance, and a variety of 
other factors contribute to a project's complexity. Further, profes-
sional standards of accuracy and quality continue to evolve as tech-
nology advances. Don't recycle ambiguous, unneeded RFP lan-
guage. Technical specifications need to align with unique stake-
holders' needs. It is imperative those writing the RFP understand 
the relevant technology and how to clearly define specifications. 
The writers need not be experts but they must understand the ba-
sics. If not, get help from those service providers or other neutral 
third parties. They should not dictate "how" the work should be 
done, but instead, simply define what the deliverable needs to be. 
Don't ask for more quality or accuracy than your stakeholders 
really need or you're just wasting good money and losing "value".
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If specifications and minimum acceptable requirements are too low 
then marginally acceptable bidders become candidates for contract 
award, low price becomes the determining factor, and the risk of 
project failure, threats to the public and low quality deliverables 
are more likely and “value” declines. Setting good minimum stan-
dards also protects the client and providers from positive bias to-
ward those bidders who are able to far exceed those minimums. 
For example, the smaller company with less but acceptable experi-
ence, for example, still "passes" the threshold and can compete on 
equal footing with the larger firm. A small firm's innovation and 
responsiveness can win them a seat at the table and ultimately 
bring additional value to the stakeholders.

Not all projects can have clear specifications at the outset because 
of their complexity or novelty. Sometimes new technology is being 
used and no provider has tons of experience using it and “how to 
do it" and its associated costs are simply unknown. In these cases, 
specify a pilot project. This will help the client and provider work 
out these details and set a reasonable price based on real world ex-
perience doing the needed work. Some of the approaches that can 
be taken to mitigate these risks when writing an RFP are:

• Set related project experience specifications. Require a minimum 
number of similar projects to have been completed in the last 12 
months to demonstrate familiarity and experience with the 
work.

• Require key project personnel to meet minimum experience and 
education thresholds. That said, don’t make these too arbitrary. 
You don't want qualified bidders disqualified simply because a 
proven project manager didn't have a Master's degree in Geogra-
phy, for example.

• Set technical standards such that inferior or marginal equipment 
cannot be used.

• Set clear and appropriate positional accuracy standards so sub-
par work is not allowed and "quality" can be objectively meas-
ured in the deliverables. I can't count the number of times I've 
seen RFPs and talked with stakeholders that express a sincere de-
sire for "accuracy", but their RFP criteria fail to set meaningful, 
measurable standards for accuracy. 

Lowest Price Solicitations
1. Go low bid! We love sub-par contract staffing, marginal techni-

cal accomplishment, late deliveries, and cost overruns. Let's go 
low bid!

2. Go low bid so contractors are encouraged to pay the lowest pos-
sible amount to the least qualified staff, cut corners, and keep un-
employment high. 

3. Go low bid and enjoy adversarial relationships with our provid-
ers as their performance slides and our [unrealistic] expectations 
of timeliness and quality erode.

4. Go low bid because we love explaining to our board why more 
money is needed to get the job done or the deliverables we re-
ceived are sub-par.

5. Go low bid because you don't really want to have any confi-
dence that the geospatial data received really is "fit" for its in-
tended use.

6. Go low bid because we don't care about the "best" way, just the 
cheapest.
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“Lowest price” bidding is inappropriate for professional services. 
Lowest price technically suitable RFPs are not suitable for procure-
ments with complex services or uncertain performance risk. When 
the client applies this strategy to unsuitable procurements, both the 
client and the providers lose. When the client is a government en-
tity, we all lose because our taxes are being wasted on inefficient, 
unsafe, and possibly unneeded services. Generally, as price is 
pushed downward, performance risk goes up. At the end of the 
day, the lowest bidder’s reputation suffers, their fiscal health is 
probably hurt because of low or negative profitability, and the cli-
ent is criticized for cost and schedule overruns and for failing to 
manage their program correctly. In the end, everyone loses and the 
initial satisfaction of saving a few thousand bucks is often over-
shadowed by the burden of poor contractor performance.

Qualifications-Based Selection (QBS)
When clients use qualifications-based selection (QBS) or Best-Value 
procurements (where price is not a consideration until after the 
most qualified firms has been identified), they recognize that there 
is value in non-cost factors such as public safety, public welfare, 
technical approach, management plan, and past performance, to 
name a few. These tradeoffs give the client the latitude to award a 
contract to other than the lowest priced offeror because of that 
added value. 

The Brooks Law, adopted by Congress in 1972, was amended in 
1989 to add that qualifications-based selection procedures apply to 
the professional services of surveying and mapping. QBS is simple.

1. Write the RFP clearly, setting minimum selection criteria. 

2. Select the Most Qualified Firm.

3. Define the Scope of Services that optimizes "value" to all stake-
holders.

4. Negotiate the price with the most qualified provider. 

5. Retain the geospatial firm.

If an acceptable price cannot be negotiated with your first pick, 
move on the second most qualified firm. The beauty of this con-
tracting approach is that the second and third firm on the list are 
both qualified. The good specifications and project approach de-
vised in consultation with the experts have minimized the risk that 
the client will get an unqualified firm or sub-standard perform-
ance.

So as you gear up to procure professional geospatial services for 
2014, be smart. Get the best deal with the most value for your stake-
holders. The contracts with the most value are seldom found 
among the bottom feeders. Professional services should not be con-
tracted as if they were simple widgets. Unlike widgets, every geo-
spatial project is unique and requires skill, careful management, so-
phisticated technology, and the balance of a thousand other factors. 
Find the best value for your projects by writing solicitations clearly 
and selecting firms based on qualifications not price. 
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“Every deliverable mapping product has some level of accuracy (at any scale) whether good or bad. This desired 
project specification should be clearly described and mapping products should require a statement about the 
accuracy and the intended use of the material.” 

CHAPTER 2
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SECTION 1

Today in the digital age where map scale can be changed simply 
by hitting a zoom button, a geospatial deliverable’s positional ac-
curacy is no longer directly related to the scale of a map as it was 
when all mapping was based on analog techniques. Modern digi-
tal map-making techniques minimize the loss of accuracy through-
out the entire map production cycle. For this reason, map scale is 
of much less importance than ground sample distance (GSD). 

Every deliverable mapping product has some level of accuracy (at 
any scale) whether good or bad. This desired project specification 
should be clearly described and mapping products should require 
a statement about the accuracy and the intended use of the mate-
rial. For example, is the data suitable for engineering, planning, or 
general-purpose mapping? 

Aerial Imagery Overlay

Aerial orthoimagery can be overlaid onto terrain models (often created via LiDAR) to create a realistic view of the earth’s surface.  

Mapping Scale
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Mapping is usually classified as either “large-scale” or “small-
scale”. These terms are frequently confused but is easily remem-
bered if one knows that the “largest” possible scale is 1:1 (actual 
scale). So when map scale is expressed as a unit-less fraction like 
1/2400 (where 1 unit on the map equals 2400 units on the ground) 
or 1/500, the fraction closest to 1.0 is “larger” scale. “Large scale” 
mapping (generally agreed to be 1:2400 and larger fractions) shows 
more detail and requires flying at lower altitudes. “Small scale” 
mapping (1:4800 and smaller fractions) is acquired at higher alti-
tudes and shows less detail. 

Large-scale mapping is generally possible when flying close to the 
earth. Small scale mapping is achieved by flying further from the 
earth. Measurements of the earth are more accurate as the distance 
between it and the remote sensing equipment is shortened. The so-
licitation materials should rarely, if ever, dictate to the service pro-
vider the altitude from which remote sensing operations should be 
performed. Instead, the solicitation should define the needed deliv-
erables and desired positional accuracies. Then the professional 
service provider can prescribe the methods needed to produce 
those deliverables to a defined quality standard.
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SECTION 2

Few other factors affect the cost and complexity of geospatial so-
licitations more than positional accuracy specifications. Buyers of-
ten leave out or inadequately define these important measures. 
Map users often use geospatial data without understanding it's ac-
curacy specifications or “intended use”. When map accuracy stan-
dards are not clearly specified for procurement, it may be difficult 
or impossible to compare approaches and costs between contrac-

tors. Map accuracy is generally the primary driver of cost in geo-
spatial projects. As mentioned in the GSD discussion, accuracy can 
be achieved (or not) using a wide array of equipment configura-
tions, flight parameters, and post-processing techniques. Any lack 
of specificity for map accuracy standards may result in sub-
standard services and will make it virtually impossible to compare 
different proposals and project approaches.

Accuracy Has Many Factors

When map accuracy standards are not clearly specified for procurement, it may be difficult or impossible to compare approaches and costs between con-
tractors. Map accuracy is generally the primary driver of cost in geospatial projects.

Map Accuracy Standards
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It is important that the solicitation state that a certified photogram-
metrist on staff is a requirement for all firms. These professionals 
receive national certification from the American Society for Photo-
grammetry and Remote Sensing (ASPRS) every five years. This pro-
fessional credential increases the likelihood that the professional 
has a thorough understanding of positional accuracy specifica-
tions, photogrammetric principles and techniques, and mapping 
project design.

Today there are three common map accuracy standards. The Na-
tional Map Accuracy Specifications (NMAS) written during the era 
of hardcopy paper maps when these products had a fixed-scale 
and is obsolete today because digital map data can be displayed at 
any scale.  Later, in 1990 the American Society of Photogrammetric 
and Remote Sensing (ASPRS) rewrote the NMAS and adapted 
them to mapping delivered as digital files, where the map-scale 
could be changed dynamically. The most recent, and now, most 
widely used mapping specification, the National Standard for Spa-
tial Data Accuracy (NSSDA), provides a common, scale-
independent statistical measure of accuracy allowing users to com-
pare datasets across applications. The NSSDA is not an “accuracy 
standard” but simply defines how a desired accuracy is to be meas-
ured and expressed.

The table on the next page summarizes how the NMAS & ASPRS 
positional accuracy standards compare with each other. Keep in 
mind, because these are older standards, photogrammetrists using 
modern photogrammetric equipment (such as softcopy stereoplot-
ters, autocorrelation, gyro-stabilized aerial camera mounts, and 
digital cameras) may be able relax these conservative guidelines 
and still achieve the desired spatial accuracy. More importantly, the 

table below is based on map scale which has little direct effect on 
map accuracy. Far more important determinants of map accuracy 
are GSD and operational factors that may affect resolving power. 
The table below is included simply as one way to demonstrate the 
relationship between these different accuracy standards.

Spatial accuracy is expensive. Therefore, it is important  to identify 
the potential users’ positional accuracy “needs” not “wants”. There 
will normally be tension between the “needed” accuracy and the 
budget. By balancing spatial accuracy needs with budget realities, 
you can provide the best value to the geospatial users. Your profes-
sional geospatial service provider can help you identify the best 
value using current geospatial technology.

The solicitation should also address how map accuracy is assessed.  
Will it be “tested” or “presumed” to meet the specified map accu-
racy standard? A geospatial product can be “tested” by the profes-
sional that creates it or 
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Comparison of Horizontal Accuracy Standards: NMAS & ASPRSComparison of Horizontal Accuracy Standards: NMAS & ASPRSComparison of Horizontal Accuracy Standards: NMAS & ASPRSComparison of Horizontal Accuracy Standards: NMAS & ASPRSComparison of Horizontal Accuracy Standards: NMAS & ASPRS

Map Scale Representative  
Scale

Horizontal RMSE (Feet)Horizontal RMSE (Feet)Horizontal RMSE (Feet)
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NMAS Accuracy 
at 90% 
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Interval

ASPRS Class 2

1"=50' 1:600 0.5 1.7 1.0
1"=100' 1:1,200 1.0 3.3 2.0
1"=200' 1:2,400 2.0 13.3 4.0
1"=400' 1:4,800 4.0 80.0 8.0

The maps scales shown here are commonly used for large scale mapping projects. A 1"=100' scale 
mapping project compliant with ASPRS Class 1 Standards would have a horizontal accuracy 
greater than or equal to +/- 1.0 feet.

The maps scales shown here are commonly used for large scale mapping projects. A 1"=100' scale 
mapping project compliant with ASPRS Class 1 Standards would have a horizontal accuracy 
greater than or equal to +/- 1.0 feet.

The maps scales shown here are commonly used for large scale mapping projects. A 1"=100' scale 
mapping project compliant with ASPRS Class 1 Standards would have a horizontal accuracy 
greater than or equal to +/- 1.0 feet.

The maps scales shown here are commonly used for large scale mapping projects. A 1"=100' scale 
mapping project compliant with ASPRS Class 1 Standards would have a horizontal accuracy 
greater than or equal to +/- 1.0 feet.

The maps scales shown here are commonly used for large scale mapping projects. A 1"=100' scale 
mapping project compliant with ASPRS Class 1 Standards would have a horizontal accuracy 
greater than or equal to +/- 1.0 feet.



independently tested by a third party. Additional testing, however, 
is more expensive. Those procuring these services are often not 
qualified to measure and certify positional accuracy. However, 
they may be able to withhold sufficient ground control from the 
contractor and use it to verify that their accuracy assessment is reli-
able. Qualified independent contractors are often used to provide 
unbiased accuracy assessments. Although this is generally the 
most costly alternative it will provide the highest level of certainty 
about accuracy.

Geospatial products with higher accuracy (e.g.,horizontally <= 3 
feet to several inches) can be used to represent more features in 
greater detail. Corridor mapping along pipelines, high voltage 
transmission alignments, site mapping, and transportation corri-
dors are typical large scale projects with high horizontal and verti-
cal accuracies.  Individual features, like fire hydrants, curb heights, 
cracks in pavement, electrical equipment on towers, one foot con-
tours, etc., can be accurately mapped in space and described in a 
geographical information system (GIS). Lower accuracy products 
are often much less expensive and are used for land use planning, 
orthophotography, environmental modeling, four foot contours, 
and other similar projects. 
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“A lot goes into making a pretty aerial photo! Sometimes a pretty picture is all we are after. But other times, we 
must have a beautiful, positionally accurate image.” 

CHAPTER 3

23

Mapping: Satellite & Ortho Imagery



SECTION 1

Satellite imagery is available with a dizzying array of technical 
specifications. They can be an important component of a project 
or, if used inappropriately, could produce undesirable results. 
How to determine whether satellite imagery is optimal for use as a 
base map or supplemental imagery source for a project involves a 
number of considerations: cost, acquisition window, positional ac-
curacy, cloud cover, whether stereo or orthophotography or both 

is needed, the intended use of the imagery and what type of data 
will be derived from the imagery. 

There are a variety of imagery products available from a number 
of satellite sensors. Some or all may be appropriate for a specific 
project. Today, most satellite data is licensed and restrictions on 
use are common. They may or may not be less expensive than ac-
quiring imagery using airborne platforms or purchasing imagery 

Satellite Imagery, Iowa

Satellite imagery can be acquired via public agencies like NASA or a number of private companies which produce interesting remote-sensing service 
from space.  The above image is via NASA’s Terra satellite.

Satellite
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from other sources. Resolution of satellite imagery varies from 40 
cm to many meters ground sample distance (GSD). Satellite im-
agery may have only panchromatic bands or many hyper-spectral 
bands (visible and invisible). Some sensors have high resolution 
pan bands and lower resolution color bands. All meet some de-
fined positional accuracy standards but these can vary depending 
on the number and quality of ground control points used. Posi-
tional accuracies are generally much less than those capable using 
aerial imagery, but if high positional accuracy is not required than 
satellite imagery may be economical. 

Some satellite constellations can be “tasked” and others are config-
ured to photograph any section of the earth every few days. It is 
important to determine if satellite imagery can be used to meet pro-
ject specifications and understand the cost implications associated 
with the acquisition and production of deliverables from the im-
agery.

Some satellite imagery is available in both stereo and orthophotog-
raphy, using combinations of panchromatic, color, multispectral 
and hyperspectral bands. Any 3D feature (containing X, Y, and Z 
coordinates) extraction must be done from stereo satellite imagery 
which is often more expensive than satellite orthophotography. 

Some satellite sensors can be “tasked”, that is, the satellite operator 
can send commands to the sensor and tell them to “go there and 
image the earth”. This is expensive but can at times be extremely 
beneficial to a project especially if airborne collection is not an op-
tion due to time constraints or geographic location. To image a sec-
tion of the earth at a specific time in the growing season or immedi-

ately after a natural disaster or on a clear day can be quite benefi-
cial.

Satellite imagery may or may not be more cost effective for a given 
project. It is important to understand the limitations inherent in 
both satellite and airborne imagery for a given project and choose 
the image source that will provide the best value to the project and 
not compromise technical specifications or schedule.
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SECTION 2

Although best practices when writing performance based State-
ments of Work generally do not include dictating how the data is 
obtained, and instead allow the contractors to describe those prac-
tices “best” suited to the specifications, it is useful to have a gen-
eral understanding on how different technical specifications can 
effect costs. Equipped with this information the Contracting Offi-

cer can better understand what is possible within the budget and 
schedule realities. 

Aerial acquisition is a major cost driver for many geospatial pro-
jects. The execution of this task is often confined to very narrow 
windows of opportunity by weather and vegetative conditions. 
They are often further impacted by equipment failures and other 
acquisition projects the contractor must complete in the same win-

Airborne Imagery, Niagara Falls

Airborne imagery can be acquired lower to earth providing some advantages over satellite imagery including higher resolutions, accuracies, etc.

Airborne
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dow. There is always a risk of the acquisition not being completed 
because of these factors. How can this risk be mitigated? How 
much of this risk should the contractor versus buyer assume?

The contractor has high incentives to complete the acquisition be-
cause payments are often tied to its completion, and further map-
ping derivatives are seldom possible without it. There are strate-
gies that Contracting Officers can employ to mitigate the risk that 
the acquisition will not be completed. 
First, the contract could allow for im-
agery collected to lower specifications 
(later in the season, with more cloud 
cover, with more standing water, etc.) 
at a lower cost. Second, when the speci-
fications are written, ensure the maxi-
mum possible time is allowed for ac-
quisition. If spring acquisition at leaf 
off is required, don’t unnecessarily con-
strain the acquisition period by insisting that grass turn green be-
fore acquisition can occur unless this is absolutely necessary. Some-
times specifications require “no snow cover” and photography can-
not be acquired even if there are a few piles of snow in parking 
lots. If these piles will not degrade the usability of the imagery for 
its intended uses, then these specifications are too restrictive.

Third, ensure the contract negotiations are completed well before 
acquisition is possible. This will ensure all the stakeholders have 
sufficient time to prepare for the project, e.g., order materials, 
schedule aircraft maintenance, and deliberately re-prioritize their 
acquisition schedule to accomplish the project. Contractors are sel-

dom able to organizationally accommodate a project until it has 
changed from something “possible” to a signed contract.

Fourth, incentives can be paid to the contractor so they give the 
project priority over other acquisition projects on their schedules. 
Fifth, large projects that may require a great portion of the contrac-
tor’s acquisition resources will tolerate fewer interruptions due to 
weather, equipment malfunctions, or the like. Therefore, consider 
breaking the acquisition into smaller projects and require more re-
sources from that contractor or additional subcontractors with 
more equipment be committed to the project. This will increase the 
likelihood that the acquisition will be completed.
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SECTION 3

All aircraft manufactured have a service ceiling (maximum alti-
tude above which the aircraft is not rated to fly). Flying above 
18,000’ requires more specialized equipment and approvals from 
government regulators. Airspace above 18,000’ is called “Class A” 
and is controlled by the FAA Air Traffic Control (ATC), and re-
quires approved flight plans before these areas can be entered. Air-

craft flying over 29,000’ must be equipped with reduced vertical 
separation minimum (RVSM) equipment. 

Military Operating Areas (MOS) is airspace over sensitive military 
areas. These are often the most tightly controlled areas of airspace 
and can cause considerable delays, and therefore increased costs, 
of acquisition. These are generally the most problematic areas to 
operate commercial aircraft.

Aerial Acquisition Aircraft

Aircraft like Aerial Services twin-engine Piper Navajo, fitted with specialized sensor wholes in the fuselage, are ideal for many remote-sensing missons 
with a good cross-section of fuel economy, speed, and capabilities.  

Airborne Aircraft
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Projects that require remote sensing above 18,000’ may cost signifi-
cantly more or be prone to higher costs associated with more com-
plicated access to airspace. If there are ways to accommodate pro-
ject objectives without requiring acquisition at these altitudes, the 
project may be less costly and less complex.

Some acquisition authorizations in unrestricted airspace can be dif-
ficult to receive because of temporary flight restrictions like Presi-
dential visits in the area, or elevated terror alerts. Sometimes con-
siderable delays are caused by the inexperience or personality of 
the FAA personnel working the airspace a particular day. These 
complications are often unplanned and unknowable and may in-
cur considerable costs and delays to a project.

MANNED AIRCRAFT
Today manned aircraft are the predominate commercial option for 
airborne acquisition of data. Unmanned aerial vehicles are now 
routinely operated by the government but are not yet allowed for 
commercial operations.

SPEED
High speed aircraft can be advantageous to enable acquisition over 
shorter periods of time or in narrow windows of opportunities. Air-
craft designed to fly lower often fly at lower speeds but are less 
costly to operate at those altitudes than high speed aircraft rated 
for higher altitudes.

ALTITUDE
Aircraft are rated to operate only within certain altitude ranges. Air-
craft rated for operation above 27,500' above ground level can nor-

mally operate at lower altitude but at higher costs than other air-
craft. Aircraft rated for operation below 27,500' cannot be used 
above this altitude without special modifications. Even if modified, 
they would often be more costly to operate than others rated for 
high altitudes.

SPECIAL NOTE
Unmanned aerial vehicles (UAV) are now in common use by the 
military, government agencies and educational institutions with 
special authorizations. They are currently not allowed for commer-
cial use. Many government agencies like the Forest Service and De-
partment of Homeland Security now regularly use UAVs for aerial 
data acquisition. UAVs will be increasingly used for commercial ap-
plications in the near future (possibly as early as 2013). New appli-
cations for this technology will be-
come important to future geospatial 
procurements. Many professional 
services delivered today using 
manned vehicles may be better 
served using commercial UAVs when 
this is permitted by the FAA.
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SECTION 4

The calendar day(s) and daylight hour(s) that remote-sensed data 
can be acquired is dependent on a number of factors. The size of 
this “acquisition window” of opportunity can have a major impact 
on acquisition costs. If the time that imagery can be acquired is lim-
ited to one week in the spring or to only a few hours each morn-
ing for a period of two months, then acquisition costs will be 
much higher than with more flexible acquisition windows. Under-

standing the remote sensing equipment, the project scope, the in-
tended use of the deliverables, and what factors may limit when 
an area can be remotely sensed is critical.

The major factors to consider include whether vegetation has foli-
age or not and how much shading of the ground or features on the 
ground is permissible. How the imagery will be used will deter-
mine which factors are most important. If used for mapping the 

Mobilization Truck with Helicopter

Some systems and equipment, such as Aerial Services Bell 47 helicopter, is mobilized via the ground and then deployed to the air for acquisition.  In 
other cases, such as fixed-wing aircraft, the rig is flown direct from the previous job.

Mobilization
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surface of the earth (e.g., feature extraction or DEM/DTM collec-
tion) than a clear view of the earth’s surface may be imperative 
and “leaf off” will be a requirement. However, if the project is for 
vegetative classification, for example, than it may be important 
that acquisition be performed during a predetermined period of 
the growing season with foliage fully expressed.

“Leaf on” or “leaf off” is chiefly a consideration only in temperate 
parts of the world where deciduous trees can lose their leaves. In 
these regions, there are generally two seasons, spring and fall, 
when vegetation is leafless or has minimal foliage. Otherwise, in 
applications that require foliage, then it is important to acquire im-
agery when the growth stage of the target vegetative species is 
most advantageous.

Shading of the ground or important features on the ground is im-
possible to avoid except in areas devoid of all vegetation. Even dur-
ing seasons of leaf-less canopies, those parts of the vegetative can-
opy (grass, trees, shrubs) that are erect obscure incident light and 
cause shadows and darkening of anything under them. Areas of 
high relief are often perpetually shaded. The impact of these shad-
ows to the project depends again on the project scope and the 
needed deliverables. If the surface of the earth or features under 
vegetative canopies must be accurately mapped than less shadow 
will be required. It is not uncommon for project specifications to al-
low that the earth’s surface under forest canopies be modeled with 
less accuracy than other non-forested areas. In these cases, heavy 
foliage may not be deterrent to the project.

Another important factor to consider is the type of sensor. New 
digital cameras systems collect high bit depth imagery. This is a dis-

tinct advantage over previous camera systems (like film-based cam-
eras) that were far more limiting. The advantage high bit depth 
brings to the project is that remote sensing interpreters and espe-
cially image processing software can “see through” shadows that 
on film would be solid black and feature-less. With digital sensors, 
features obscured by shadows (like the ground surface and plani-
metric features) are visible and measurements can be taken. So, 
more area covered by shadows and darker shadows are less of a 
problem.

Shadows are also caused by clouds. Most acquisition specifications 
include some requirement similar to “acquisition must happen 
with less than 10% cloud cover”. Again, because of newer digital 
sensors, the effect of shadows caused by clouds obscuring features 
is less important for many applications and more shadows caused 
by foliage, solar radiation, or clouds can be tolerated. A higher tol-
erance for shadows means a larger acquisition window. A project 
with a larger window of acquisition may be considerably less ex-
pensive and have a significantly higher chance of being completed. 
Unnecessarily restrictive acquisition windows are budget busters 
and make projects more difficult to complete.

A common imagery acquisition specification that is used to limit 
the time of day at which acquisition is tolerated is called “sun an-
gle”. This is the angle of the sun above the horizon of the earth. A 
lower sun angle results in longer shadows.

Other factors that may constrain the acquisition window are envi-
ronmental or climatic factors that obscure the ground, e.g., tidal lev-
els, river levels, snow cover and standing water. Normally, no 
snow cover is allowed. However, will snow cover in ditches or rem-
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nants of snow piles in parking lots be allowed? If a heavy rain oc-
curs during the acquisition window and there is standing water in 
agricultural or urban areas, will this negatively impact image qual-
ity or the accuracy of project deliverables? If so, then they should 
not be allowed. But waiting until the last snow crystal melts and 
every puddle dries up from the project area may cause project 
costs, schedule and complexity to increase dramatically. Seriously 
consider how these environmental factors affect the project and do 
not overly constrain the acquisition window.
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SECTION 5

A lot goes into making a pretty aerial photo! Sometimes a pretty 
picture is all we are after. But other times, we must have a beauti-
ful, positionally accurate image. Or maybe, specific features on the 
ground must be clearly visible and interpreted. A key quality com-
ponent of digital camera systems is spatial resolution. The pixel 
size limits the spatial resolution attainable. In practice the nominal 
resolution of a sensor system is seldom achieved due to blur and 

noise caused by a variety of factors like optical path quality, elec-
tronics, the CCD (charge-coupled device), forward motion com-
pensation, camera mount, camera port glass (if any), flight alti-
tude, flight velocity, exposure, sun angle, air turbulence, visibility, 
and post processing of the data. Some large-format camera sys-
tems create a color “frame” by combining smaller, high resolution, 
overlapping panchromatic frames then pan-sharpening (“coloriz-

Imagery Resolution

Resolution refers to size of the smallest feature that can be resolved or interpreted in an image. With digital imagery, the GSD is the size of the ground 
footprint of a pixel and is reported as linear units/pixel, such as 1 meter/pixel, 1 foot/pixel, etc.

Resolution
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ing”) them using lower resolution color images. All of these factors 
can have important effects on the quality of image acquired for 
your project. For these reasons it is important that each camera sys-
tem used on a project have a recent field and factory calibration to 
ensure the system is operating optimally.

One of the key considerations for any imagery acquisition project 
is ground sample distance (GSD). This statistic describes the size of 
one image pixel on the ground in meters or feet. Three primary fac-
tors affect this: distance from the earth (flight height), focal length 
of the lens assembly, and CCD size. In simple terms, the further 
away from a target the camera is positioned the larger the GSD 
(lower resolution). A CCD with 9 micron pixel size will produce im-
agery with a larger GSD than a CCD manufactured with 6.5 mi-
cron pixels (assuming the same lens is used). Focal length also af-
fects GSD by changing how much ground area is projected onto 
the CCD surface. 

In practice, GSD for a given camera & lens is determined by flight 
height. Some camera systems allow lenses to be changed so focal 
length can be adjusted and change GSD at a given altitude. Large-
format digital cameras today can produce 1m GSD imagery at 
flight heights above ground of approximately 10,000 feet. 

Higher resolution (small GSD) imagery is more expensive and gen-
erally most preferred in many applications. But as GSD declines 
the costs of acquisition and processing go up. Project planners 
must determine the maximum GSD (resolution) needed to meet 
project objectives. However, as desirable as high resolution im-
agery is to a project, image interpretation (or the resolving power) 
can be adversely effected. Resolving power is described as a meas-

ure of lines per millimeter. The 
more lines per mm that can be dis-
cerned the better the resolving 
power. Imagine a camera capable 
of imaging the earth’s surface 
from 10,000’ above ground and 
producing 1m GSD imagery us-
ing 10 micron pixel CCD array. If 
this camera was put into space 
and the CCD was upgraded to an 
amazing 1 micron pixel, the im-
agery could have the same GSD 
(1m) as if the flying at 10,000’. 
The important difference is that 
small features on the ground, like 
fire hydrants, are clearly discernible in the image taken at 10,000’. 
However, the image from space with identical GSD using a higher 
resolution CCD is much further away from the fire hydrant and it 
cannot be discerned. So the GSD of each image is identical but the 
resolving power (the ability to discern features) of each is quite dif-
ferent. For many projects where photo interpretation is important 
and positional accuracy requirements are high, resolving power of 
the camera system must be considered.

In this age of digital camera systems, there is no longer any reliable 
correlation between flight altitude and positional accuracy. Pixel 
sizes of a CCD, focal lengths of lenses, and flight height can all be 
changed to produce similar GSDs. A high-resolution orthophoto 
does not have an implicit positional accuracy simply because of its 
high resolution (small GSD). Additionally, high resolution does not 
guarantee that small features can be discerned. To ensure that re-
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Siemens star is used to measure 
the resolving power of a camera 
system. The same feature cap-
tured at different altitudes can 
be less discernible. Conversely, 
the same feature captured at 
identical altitudes by cameras 
with less resolving power can 
be less discernible.



mote sensed data will be dependable and consistent and that posi-
tional accuracy, GSD, and resolving power can be defined reliably 
reliably it is generally recommended that only “metric” cameras be 
used.

The importance of accuracy will vary based on the intended use of 
the deliverables. Specific accuracy requirements should be defined. 
In many cases actual accuracy should be tested after the deliver-
ables are received. Increased accuracy generally means increased 
cost. Therefore, it is important to not over-engineer the project re-
quiring excessive accuracy and waste project budget dollars for 
higher accuracy that is not needed. In summary, the positional ac-
curacy of remote sensed data is dependent on a large number of in-
terrelated factors and professionals that understand photogramme-

try, equipment, and production procedures should be consulted 
when designing a project.
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SECTION 6

Sensors are capable of sensing and recording electro-magnetic en-
ergy. Satellite and aerial cameras typically image in the visible 
light and infrared parts of the electro-magnetic spectrum. Other 
sensors can image well beyond this slim slice of the electro-
magnetic spectrum. Sensors that record red, green, and blue (full 
color) plus infrared are referred to as multi-spectral. These are 
commonly used on projects that require land classification. The in-

frared bands are used to differentiate vegetation and even paved 
areas. Sensors that record more than 4 bands are generally referred 
to a hyperspectral and are used for a variety of specialized needs.

Most remote sensing projects today require only full color im-
agery. However, many digital camera systems are designed to cap-
ture both full color, panchromatic (black & white) and near infra-
red bands. It costs virtually nothing extra to collect these addi-

Near-Infrared

A number of imagery bands can be collected during remote-sensing acquisition.  Near-Infrared, as pictured above, gives an excellent view of vegetation, 
pictured in the red tones.  The blue-grey ares in this band can also be useful to determine impervious surfaces.  

Image Band & Depth
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tional bands. However, requiring additional bands of imagery as 
deliverables may incur higher fees because additional image proc-
essing is required. 

Bit depth quantifies how many unique colors are available in an im-
age's (or image sensor’s) color palette in terms of the number of 0's 
and 1's, or "bits," which are used to specify each color.  This does 
not mean that the image necessarily uses all of these colors, but 
that it can instead specify colors with that level of precision.  For a 
grayscale image, the bit depth quantifies how many unique shades 
are available.  Images with higher bit depths can encode more 
shades or colors since there are more combinations of 0's and 1's 
available. Equipment manufacturers often use the term “bit depth” 
in confusing ways. The bit depth for each primary color is termed 
the "bits per channel."  The "bits per pixel" (bpp) refers to the sum 
of the bits in all three color channels and represents the total colors 
available at each pixel.  Confusion arises frequently with color im-
ages because it may be unclear whether a posted number refers to 
the bits per pixel or bits per channel.  Using "bpp" as a suffix helps 
distinguish these two terms. For image processing bits per pixel is 
the important consideration and today’s digital camera systems 
routinely acquire imagery with 10 to 12 bit depth and store it in 16-
bit files.

Our printers and monitors are unable to display more than 8 bits 
per pixel so we are unable to perceive the extra 2-4 bits of color cap-

tured with today’s digital camera 
systems. However, these extra 
bits are important for a number 
of reasons because they can be 
“seen” by algorithms that read 
and process the imagery. One ap-
plication that benefits tremen-
dously from the higher bit-depth 
of this imagery is image correla-
tion. This is the computer process 
that matches a small patch of pix-
els in one image with the same 
area in other images. In a 8-bit im-
age, for example, shaded areas 
are black. That is the pixel value 
is 0 and no detail can be dis-
cerned in these areas. However, 
in a 12-bit image, there are many 
more shades of gray in the 
shadow areas meaning features are much more likely to be dis-
cerned in these areas. This enables much more accurate correlation 
of DEMs using the imagery.
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color values are possible with 
each pixel. The more bit depth, 
the finer the gradations of colors.



SECTION 7

Cameras rarely acquire imagery today independent of an array of 
associated equipment. Today, the quality of remote sensed data is 
determined by the camera or LiDAR (Light Detection and Ranging) 
“system”. Each component of a camera system (for example, air-
craft, airborne GPS, inertial measurement systems, cables, computer 
system, antenna, forward motion compensation, operational person-
nel training), can have a major impact on the quality of information 

produced. It is important to access the entire camera system and not 
only the camera. 

Camera systems are further defined as “metric” (calibrated) or 
“non-metric” (not calibrated). A metric camera enables geometri-
cally accurate reconstruction of the scene. They will deliver accu-
rate, stable, and repeatable results when operated appropriately. 
The stability, accuracy and repeatability of a non-metric camera by 

Leica ADS80 Sensor with PAV80 Gyro-Stabilized Mount

Modern sensor systems today, such as Aerial Services Leica ADS80, are marvels of technology.  These systems allow for accurate measurement of the 
earth by combining photogrammetric techniques, the newest algorithms, and computer advances.

Camera System Type
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definition unknown. Most geospatial projects are best served using 
metric camera systems operated by qualified personnel. Film camera 
systems were, for the most part, very uniform and could be cali-
brated by a single USGS lab dedicated to this task. These systems 
were generally calibrated once every three years. Today, however, 
digital camera systems are comprised of many components and 
there are many different unique camera systems generally character-
ized as “frame-based” or “push-broom” sensors. Frame-based cam-
eras take a series of “frames” of photography. Push-broom sensors 
are more similar to scanners and take single continuous exposures 
over long distances and produce “strips” of imagery instead of 
frames. There are significant pros and cons with each camera type 
that the stakeholders should understand. Because there are many di-
verse digital camera systems today (and the number and diversity 
continues to increase) the USGS no longer performs digital camera 
calibrations.  Instead, calibrations are performed periodically by the 
operator and camera manufacturer. The general expectation is that a 
digital camera system be calibrated once each 1-2 years by the manu-
facturer. Field calibrations may be performed by the operator as of-
ten as each project.

Project specifications should request that camera calibrations be cur-
rent. These should be reviewed carefully. The old adage that beauty 
is only skin deep aptly applies to remote sensed imagery. Making 
pretty pictures is the easiest part of remote sensing and the easiest 
thing to sell. Making pictures accurate and useful for the intended 
purposes is by far much more challenging.

Film camera systems are still in use today and provide very good im-
agery. Many project specifications can easily be met using film sys-
tems. Projects should not exclude film cameras just because they are 

older technology. Some projects may be more affordable hiring a con-
tractor using film contractors than others using digital cameras. This 
will become more difficult as the film cameras and photogrammetric 
scanners age and film is difficult to obtain.

Digital camera systems are generally cheaper to operate than film 
and produce imagery with greater bit depth and superior image 
quality. This can accentuate color and positional accuracy. But digital 
camera systems are generally much more complex, extremely expen-
sive, and require a higher level of expertise to operate. One is not as-
sured of superior imagery simply because it was acquired with a 
digital sensor. The operation of the sensor and post-processing of the 
imagery is probably more important to the final quality and accu-
racy of the imagery than whether it was acquired with a film or digi-
tal sensor. 

Forward motion compensation is a feature of many camera systems 
that reduces image blur caused by rapid movement. Satellites and 
aircraft move across the earth at high speeds. The closer an object is 
to the sensor at a given speed the more pronounced will be image 
blur. A camera system equipped with forward motion compensation 
will dramatically reduce this blur and allow greater accuracy and re-
solving power. Forward motion compensation used to be a common 
requirement for photogrammetric projects. However, because of su-
perior optics and electronics of modern digital systems forward mo-
tion compensation is not as important and is no longer a required ne-
cessity to ensure imagery that will meet project specifications. (Push-
broom sensors require no forward motion compensation, for exam-
ple.) Image blur increases at a given speed with increasing exposure 
time. Better optics and electronics in digital camera systems enable 
shorter exposure times and less image blur. 
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“Before writing an RFP or initiating a solicitation for professional services or data, it is important that the 
author understands the scope of the needs, the stakeholders, and what type of solicitation is required.” 

CHAPTER 4
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SECTION 1

Topographic (relief) mapping is an important component of many 
mapping projects. Some type of elevation or surface model is 
needed. Will the best available model be used or will a new model 
be created from the stereo imagery or from LiDAR? If “best avail-
able” is used, will this be supplied by the client or obtained from a 
public or other source? If newly created, will it be autocorrelated 
from stereo imagery, manually digitized, or collected using Li-

DAR? These are all important considerations and have significant 
impact on cost, schedule and complexity of the project.

Public sources of elevation models make excellent choices for 
some projects because they are inexpensive and help reduce the 
overall cost of the project. The quality and positional accuracy, 
though, often well described, may not be sufficient for the project. 
It is important to verify whether they are of sufficient quality and 

Topographic Sample

Topographic maps show the horizontal and vertical locations of natural and artificial features. It is distinguished from a planimetric map by the presence 
of numbered contour lines.

Topographic Mapping
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accuracy to meet project specifications or require the contractor to 
verify their quality and accuracy.

Client-supplied elevation models may be another option. If the so-
licitation will require the contractor to use an existing elevation 
model previously compiled on a prior project, was the positional 
accuracy of that data tested? How old (or current) is the data? 
What proportion of the data will need revisions? Can areas need-
ing updating be described for the contractor? If the contractor finds 
the data less accurate than assumed, how will he be compensated 
to bring that data up to specification? If the project specifications 
require a defined positional accuracy, then answers to these ques-
tions are important to the contractor and have direct bearing on the 
cost and, perhaps, the schedule of the project. 

Creating an elevation model can be one of the most expensive com-
ponents of mapping. Therefore, if an elevation model from a previ-
ous project is available it may reduce the costs significantly. How-
ever, if the provided elevation model is of unknown or untested po-
sitional accuracy, and the project requires the contractor to meet po-
sitional map accuracy specifications, then the elevation model has 
less value to the contractor because he is unable to assume it meets 
the accuracy specifications of this project and will have to carefully 
test and document the elevation model’s accuracy. This adds cost 
of the project. If the elevation model is accurate but dated, which 
areas and how much area will need to be updated to meet the accu-
racy requirements? 

Sometimes an existing elevation model is not available and a new 
model must be created from the stereo imagery acquired for the 
project. Will this new model be derived from the stereo models us-

ing autocorrelation. Will it be breakline-enhanced? Will LiDAR be 
used to collect the elevation model?

An autocorrelated elevation model is one where elevation measure-
ments are made automatically from stereo imagery on a pre-
defined grid spacing. Most computer systems today perform these 
operations very rapidly. However, many points are positioned on 
undesirable objects or inaccurately. Therefore, it is important to de-
termine whether autocorrelated elevation models (or products de-
rived from them, like contours) are edited or systematically tested 
to ensure they meet positional accuracy specifications.

Sometimes an autocorrelated digital elevation model (DEM) can-
not support required positional accuracy requirements and will 
need to be enhanced with breaklines. Highly accurate breaklines 
can only be digitized from imagery acquired as stereo models. In 
these cases, it may be more economical to manually digitize a DEM 
or DTM or procure LiDAR services. 

What is the required point spacing needed to achieve accurate 
flood plain mapping? Are breaklines needed with the DEM to 
achieve the accuracy specifications? Will “soft” or “hard” break-
lines be needed? Will contours be aesthetically pleasing or topo-
graphically accurate? Will they be labeled? How do I know if Li-
DAR, IFSAR or stereo imagery is needed to create a surface model 
sufficient to meet my users’ needs? These are all important ques-
tions that must be addressed in the procurement process and can 
have a major impact on the project cost. Consultation with a profes-
sional services provider before the solicitation is drafted is highly 
advised so these questions are answered responsibly and the stake-
holders understand their impact on price and schedule.
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SECTION 2

The accuracy of a surface model is correlated with the density of 
measurements made on the surface of the object being modeled. 
Measurements of elevation spaced in a uniform grid (DEM) along 
a surface can provide an increasingly accurate model of the sur-
face as their density increases. However, between any two meas-
urements there may be an undetected abrupt change in elevation, 
e.g., a creek bank or ditch, that will not be modeled. One method 

of more accurately modeling terrain surfaces is to digitize 3D lines 
along the tops and bottoms of features similar to these..  These are 
called “breaklines”. When breaklines and a regular grid of points 
are present in an digital elevation model (DEM), they are gener-
ally referred to as digital terrain models (DTMs). The accuracy of 
an elevation model is greatly enhanced using breaklines. Al-
though the cost of modeling a surface using a DTM is often higher, 

Shaded Relief Surface Model

Surface models can be created a number of ways, including via traditional photogrammetric techniques or via high-density LiDAR scanners producing 
an amazing picture of the surface.

Modeling the Earth's Surface
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a DTM can be a much more useful model of the terrain surface. In 
fact, the point spacing of a DEM can be significantly decreased 
with the addition of breaklines and still meet the same positional 
accuracies.

SURFACE MODELS AND BARE 
EARTH MODELS
A bare earth model is simply a DEM or DTM that models the bare 
earth. All elevation points that are on top of non-earth features 
(vegetation, buildings, etc.) have been removed. Conversely, a digi-
tal surface model (DSM) is a DEM or DTM that models the surface 
of all features under the sensor and includes the tops of vegetation 
and man-made features. 

Because this is one of the most expensive components of a geospa-
tial project, it is important to understand this technology and dis-
cuss with the service provider which methodology is best suited to 
meet your project objectives. The technology and methodology 
used to develop surface models is constantly improving.

CONTOURS
Contours are normally generated from elevation models today and 
are rarely manually digitized. Depending on the elevation model, 
the generated contours may be quite accurate but commonly do 
not look cartographically pleasing. Decisions must be made based 
upon how the information will be used on whether the contours 
are “smoothed” and labelled to produce cartographically pleasing 
features or leave them in their most accurate state, or require both 
sets as different features that can be used for different purposes.
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SECTION 3

Hydrography is the science of measuring and mapping oceans, 
seas, rivers and lakes.  It is a form of remote sensing, typically rely-
ing on sonar or lasers, that has a complex array of factors driving 
the cost.  Types of hydrographic data include bathymetry, side 
scan sonar imagery and ancillary measurements such as water 
level, properties of water, currents and bottom type.

The major factors driving the cost of hydrography include the so-
licitation type, data type requested, resolution and accuracy de-
sired, schedule imposed, environmental conditions, regulatory re-
quirements, project location and specific logistic requirements and 
the type of deliverables expected.  Often the scope or schedule 
must be adjusted to meet both project goals and budgetary con-
straints.

River Scanned with Aerial LiDAR

Typical aerial LiDAR lasers (red) cannot penetrate the waters surface (as seen above), but bathymetric LIDAR lasers (green) can produce accurate mod-
els of a water body’s depths.  

Elevation - Hydrography
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Bathymetry can be collected with Multibeam or Singlebeam sonar 
or Airborne Bathymetric LiDAR.  Each system has advantages and 
disadvantages and each can be the ideal choice for certain applica-
tions.

Multibeam sonar is typically deployed on boats and collects multi-
ple simultaneous soundings to the left and right of the vessel as it 
travels.  The width of the multibeam swath is determined by the 
system design, sonar frequency and water depth.  The boat then 
runs a pattern that covers the project area with these swaths.  Multi-
beam systems require expensive inertial systems integrated with 
GPS to measure the position and attitude of the vessel up to a hun-
dred times a second and can generate a considerable amount of 
data, even over 250,000 soundings per second for some systems 
and potentially billions of soundings for a project.  Although com-
plex, these systems provide a considerable amount of detail and 
can provide complete coverage of the seafloor ensuring no feature 
is missed.  This is the system often specified when every aspect of 
the seafloor must be understood such as complex design for con-
struction projects or when searching for hazards to navigation.

Singlebeam sonar surveys are considerably simpler than multi-
beam surveys.  They are also vessel based and the system collects a 
stream of soundings that are directly below the sensor.  If the sys-
tem is used reasonably calm waters this system can be used with-
out the inertial system required for multibeam surveys and the 
processing is much simpler.  The data volumes are much lower, 
typically 10 to 20 soundings per second, amounting to sounding 
volumes thousands or hundreds of thousands.  Because this ap-
proach does not provide complete seafloor coverage it is appropri-

ate for surveys that measure gross changes such as shoaling and 
dredging, or for reconnaissance surveys.

Airborne Bathymetric LiDAR surveys differ from the other two ma-
jor types in that the sensor is a laser and is mounted in an aircraft.  
The Bathymetric LiDAR sensor differs from terrestrial LiDAR in 
that it operates on two different frequencies, one that reflects from 
the surface of the water or land and another that penetrates the wa-
ter.  The data volumes are higher than with singlebeam sonar but 
typically lower than with multibeam for the same area.  One of the 
commercial systems available produces around 4000 soundings 
per second and others are similar in their output.  Although daily 
operational costs are quite high for these systems due to the expen-
sive sensor and the aircraft needed to collect data, the systems can 
cover a tremendous amount of area under the optimal conditions 
making it cost effective.  The depth capable with the systems de-
pends primarily on the turbidity of the water.  In ideal conditions 
such as the clear waters found around the Caribbean Islands 
depths of 50 meters can be achieved.  In poor conditions the sys-
tem can be unusable in much shallower waters.  This type of sur-
vey is well suited to hydrography along shorelines that are rocky, 
shallow or contain numerous reefs but a large survey area is typi-
cally required to make them economical.

In addition to bathymetry, data can be collected to search for lost 
items or hazards or determine the type of material on the bottom 
using sidescan sonar.  Sidescan sonar is a type of system that is 
towed underwater behind the vessel and while it can resolve small 
objects or discern differences in the type of seafloor or lake bottom 
progress can be slow and processing and interpretation can be time 
consuming. Additionally, it does not provide depths.
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The resolution and accuracy of hydrographic data that are neces-
sary and achievable for specific applications are specified in sev-
eral standards.  Some of the best documented are those from the 
International Hydrographic Organization (IHO), the US National 
Oceanographic and Atmospheric Administration and the US Army 
Corps of Engineers.  Each organization has multiple standards 
based on the conditions expected and the goal of the survey.  The 
choice of specification will have a very large effect on the utility 
and cost of a survey. 

The resolution of bathymetric data is varied and is determined 
largely by both the type of sensor used and the implementation of 
it.  The data density, which largely determines the ability to detect 
small objects or fine details,  is driven by the system chosen and 
the depth of the water.  The farther a given sensor is from the 
seafloor the less resolution is available.  Object detection cannot be 

achieved unless several soundings hit an object.  Specifications for 
object detection are often listed with the dimension of a cube in a 
specific depth of water and vary from specification to specification.

The accuracy of the survey is often stated in terms of separate hori-
zontal and vertical accuracies.  Although high vertical accuracy is 
harder to achieve it is generally more important than horizontal ac-
curacy.  Bodies of water tend to vary in height over time and all 
soundings must be reduced to a datum whether in tidal or inland 
waters.  The relationship to the water level is measured either by 
tracking the water level during the survey or by using very precise 
GPS and inertial measurements.  In either case it must be tied to a 
known vertical or tidal datum to be useful.  Horizontal accuracy is 
easier to achieve but must still be tied to a defined horizontal da-
tum.  The choice of accuracy and datums will have a large effect on 
the cost of the survey.   Converting data between datums after the 
survey is complete can be problematic and expensive; when possi-
ble, it should be avoided by specifying the horizontal and vertical 
datums before starting so the data can be collected into those da-
tums.

Ancillary measurements for hydrography include the water level, 
speed of sound or the properties of the water, currents both on the 
surface and below, and the bottom type.   Some of this data is neces-
sary to accurately process the bathymetric data and some is desir-
able for the project to support later analysis or planning.

Scheduling a hydrographic survey can be a large driver of survey 
costs.  Weather is seasonal and can effect production rates and the 
cost considerably.  Tight schedules require a higher commitment of 
resources and perhaps higher logistical costs.  Fast turnaround of 
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data may require processing in field locations which can raise the 
cost significantly.  If a project allows, relaxed timing allows for 
scheduling for efficient use of resources.  A schedule with flexibil-
ity allows for less expensive mobilizations, choice of better weather 
and office processing.

Environmental conditions such water depths, wind, waves, haz-
ards, tides and currents vary with timing and location and will ef-
fect production rates and the choice of equipment.  Deeper areas, 
unreachable with today’s LiDAR systems, are generally covered 
with multibeam more quickly but with lower resolution and with 
more expensive equipment.  Higher resolution can be obtained in 
shallower areas with less expensive equipment but production 
rates for Multibeam sonar decrease as depth decrease.

Regulatory requirements can include restricted areas or licensing 
requirements.  In many states, any measurement of land whether 
above or below water is considered a professional activity that 
should be performed under the supervision of a licensed Profes-
sional Land Surveyor.  Also in many areas there are permits re-
quired to perform commercial sonar work, the most restrictive be-
ing California where the permits can take months to obtain and 
cost $20,000.  Other issues might be restricted areas such as marine 
sanctuaries, military use areas or areas in proximity to hazards 
such as dam intakes, locks or high traffic areas where prior permis-
sion must be obtained or where timing is critical.

Like any field work, much of the cost of hydrography involves lo-
gistics.  The project area will need to be accessed by a vessel or air-
craft that has the correct equipment installed and crew onboard.  
Getting the equipment there, managing fuel and parking, accom-

modations and field offices can be a larger effort than the survey 
itself but is in fact part of the project.  In the case of vessels, the size 
and range of the vessel is driven by the proximity to support, the 
duration and type of survey required and the need for spares on-
board.  Also factored in are safety of crew, delivery of needed items 
and communications for coordination and emergency response.  
Larger vessels can work for longer durations in more inclement 
conditions but are expensive to operate and cannot access shal-
lower areas.  Smaller vessels may be handier and cheaper to oper-
ate but suffer more weather downtime, can work for smaller dura-
tions, and may lack necessary support near the project.

It is very important to specify the desired deliverables early in the 
process.  As with other mapping efforts they may include both pa-
per and digital maps in many forms as well as analysis in support 
of the project goals.  The raw data is often requested even when no 
ability to make use of it exists.  A better strategy may be to require 
retention of the raw data by the surveyor saving media, storage 
and delivery costs.  Understanding and deciding up front what the 
needs are should assure that the project goals are met.

Like all mapping activities there are many interlocking aspects to a 
hydrographic survey.  QBS arrangements allow the project owner 
and hydrographer to work together to choose plans and specifica-
tions that address the specific needs of the project for schedule, ac-
curacy,  coverage and deliverables to find an approach and budget 
that achieve the project goals.
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SECTION 4

Light detection and ranging (LiDAR) is an active remote sensing  
technique providing range (distance) measurements between the 
laser scanner and the earth topography by measuring the time-of-
flight between  the emitted and backscattered laser pulse. Direct 
georeferencing  processes turn these distance measurements into 
3D point clouds with high accuracy. LiDAR has become an impor-
tant geospatial tool for remote sensing because point measure-

ments are made at high densities, achieve very high vertical accu-
racies, are very cost effective over large areas. They can be used 
during the night or day and under clouds. Additionally, after a 
pulse is generated it may generate backscatter returns (echoes) 
and some systems can record up to six echoes for each emitted 
pulse. Newer LiDAR systems are able to record the signal of the 
entire backscattered laser pulse and are called full waveform Li-

LiDAR Classified Model

LiDAR can produce millions of points on the ground. This allows for measurement of the service with pinpoint accuracy.  The above also includes post-
processing to classify the ground (brown), vegetation (green) and man-made features (blue, red, grey).

Elevation - LiDAR
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DAR. The benefit of waveform LiDAR systems is that the user has 
more interpretive capabilities (intensity, range, and surface struc-
ture). The downside is that the processing is more complex and 
time-consuming. Full-waveform LiDAR data give more control to 
an end user in the interpretation process of the physical measure-
ment and provide additional information about the structure and 
the physical backscattering characteristics of the illuminated sur-
faces.

LiDAR sensors today have a wide range of functionality and associ-
ated costs. LiDAR missions commonly generate billions of eleva-
tion points that have to be processed and edited to generate a num-
ber of useful end products, including “bare-earth” terrain models, 
“surface” models and contours. The associated costs are related to 
post spacing (average distance between two points) and point den-
sity, and multi-return or waveform processing.

Any specification for LiDAR data should include positional accu-
racy specifications. It is important to understand that accurate Li-
DAR points do not necessarily result in a good quality LiDAR sur-
face. Furthermore, a high resolution and high definition LiDAR sur-
face does not necessarily result in high absolute accuracy unless 

data planning, acquisition, and processing are conducted to a high 
standard. If very accurate points are widely spaced, then the sur-
face features will lack definition and the elevation model may be 
much less accurate. Other factors that influence accuracy are the 
characteristics of ground cover, standing water, and terrain fea-
tures, and the quality of the classification process. Some project 
specifications will require breaklines to be added to the LiDAR sur-
face to ensure a higher definition (accuracy) of the surface features.

LiDARgrammetry is a process where LiDAR elevation and inten-
sity data  are used to create pseudo stereo pairs using standard digi-
tal photogrammetric workstations. This important technology al-
lows mapping technicians to manually digitize 3D breaklines and 
perform feature extraction from stereo LiDAR intensity imagery. 
When used on projects requiring feature extraction or the addition 
of 3D breaklines to meet accuracy specification, it eliminates the 
cost and technical complexities of acquiring an additional dataset 
of imagery using a second sensor.

Mobile LiDAR is now commonly acquired to rapidly build surface 
models along highway, railway, or other corridors. Properly con-
trolling airborne or mobile LiDAR acquisition is extremely impor-
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tant and has a significant bearing on achievable accuracy of the da-
tasets. Some projects may benefit from the fusion of mobile and air-
borne LiDAR datasets. However, this introduces additional techni-
cal challenges because each dataset may have different positional 
accuracy and density.

A number of topographic, meteorological, and technical factors af-
fect the planning and acquisition of LiDAR. For example, moun-
tainous areas usually require flying at multiple altitudes and with 
greater sidelap to ensure consistent coverage.  Heavily vegetated 
or tight urban canyons  required flying with narrower swath 
widths and greater sidelap. The size and shape of a project area 
also has a large influence on the cost and complexity of a project. 
For example, square or rectangular shaped project areas are much 
more suited to acquire data efficiently; project areas that are irregu-
lar require additional flight lines and thus additional collection 
time; project areas that are broken into small separate areas also 
will have a higher cost per square mile because of the increased 
number of flight lines and flying time involved.

Professional assistance is generally needed to determine which of 
these technologies will provide the “best value” to your project. 
Modeling the earth’s surface using stereo imagery or LiDAR re-
quires detailed knowledge about sensor technology, photogramme-
try, surveying, and computer science. These different methods 
have different financial and technical merits and drawbacks. Be-
cause these technologies are changing constantly, the cumulative 
experience of firms using the technology is invaluable to designing 
project specifications that will produce the intended benefits. 

SYNTHETIC APERTURE RADAR 
(SAR)
Interferometric synthetic aperture radar (IFSAR) is a remote sens-
ing technology that combines microwave signals collected from 
two across-track displaced antennae to generate three-dimensional 
geospatial products. Both orbital and air breathing platforms are 
available. IFSAR is used, though not as commonly as LiDAR, to col-
lect DEMs over vast areas of the planet. SAR has an advantage 
over LiDAR in that it operates largely independent of weather con-
ditions (is able to see through clouds), and is quite efficient over ex-
pansive geographic areas.
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SECTION 5

Planimetric mapping is the mapping of man-made features like 
roads, buildings, fence lines, manholes, etc. Planimetric features 
are symbolized by symbols, lines, or polygons. The majority of 
this mapping is still performed manually and is therefore quite la-
bor intensive. Understanding the true needs of the potential user 
base for project deliverables is important so unneeded features are 
not specified and the project budget is exceeded. There are many 

technical factors that contribute to the quality and costs of plani-
metric mapping. These may be important to define in the project 
specifications. For example, streams may  have to be consistently 
digitized upstream or downstream, and features that form “net-
works”, like roads and streams, must be physically connected to 
other features in the network. If not, further analyses of the data 
may not be possible or severely limited. Project costs can be re-

Planimetric Sample

Planimetric maps show the horizontal positions of the features represented. It does not show relief (elevations) in measurable form (see topographic).

Planimetric Mapping
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duced considerably if planimetric features are delivered with dan-
gling endpoints and crossing features. However, the value of these 
datasets for many GIS and CAD applications are severely im-
pacted. It is important to discuss these particulars with service pro-
viders so GIS analysis is not thwarted and costs are not unnecessar-
ily inflated.

2D OR 3D
Planimetric features should generally be digitized in 3D so every 
vertex of a particular point, line, or polygon is assigned an X, Y, 
and Z coordinate value. There is considerable value in 3D datasets 
because more sophisticated analysis and modeling can be per-
formed and additional costs are minimal.

USING EXISTING PLANIMETRIC 
MAPPING
Because planimetric mapping can be very labor intensive to digit-
ize, it may make sense to use existing plan to augment deliverables 
for the current project. This can save considerable expense if the 
mapping meets similar quality and positional accuracies of the cur-
rent solicitation. However, if too dissimilar they may actually in-
crease the project costs because they introduce too many errors and 
inaccuracies. If existing plan is used, project specifications concern-
ing positional accuracy of the plan should be defined.  Addition-
ally, will the plan need to be updated? If so, allow costs for this and 
decide if information can be provided to the professional that iden-
tifies the areas that need updating. If this is not available, then ex-
pect costs to increase since all planimetric data will have to be veri-
fied to be consistent with the photography or LiDAR. In many 

cases the existing plan will not have been collected by the same pro-
fessionals that are updating it. They may discover quality prob-
lems with the data. If so, how will they be handled? If the posi-
tional accuracy of the planimetric data was not field tested, then 
who will be responsible to fix and pay for inaccuracies discovered?

URBAN OR RURAL
The number and density of planimetric features specified have a 
significant impact on cost and schedule. Digitizing all roads in a ru-
ral area will take a fraction of the time than those in a urban area. 
Buildings in an older part of a community may have roof lines that 
are closer together and more difficult to discern from imagery than 
ranch style homes in the suburbs. When collecting buildings, is it 
important that decks be included as part of the “house” feature or 
as a separate “deck” feature or not at all? Should all buildings be 
digitized so they are “square” to the adjacent road or appear in 
their actual orientation on the ground making a less cartographi-
cally pleasing map? Are walks required? If so, what about those on 
private property? Should different types of road surfaces (concrete, 
gravel, blacktop) be indicated in the roads as they are collected? 
Should the shoulders of paved roads be symbolized? Should un-
paved road shoulders be digitized? All of these questions and 
many more need to be carefully considered before a solicitation is 
released. It is important to include geospatial professionals in these 
discussions so the needs (not wants) of the user community are 
closely aligned with the procured services and are possible with 
the project budget.
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“Every contractor performs some level of quality control and quality assurance for the project. But precisely 
what is checked and what quality assurance methods are employed by the contractors to ensure quality, 
repeatable deliverables?” 

CHAPTER 5
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SECTION 1

Ground Control forms the basis for any mapping or geospatial pro-
ject and shows the true relationship of features or objects to each 
other in terms of distance, angle, area, etc. Control is the anchor 
point, the determining factor in stating the positional accuracy 
with which a given dataset matches the location at which that data-
set occurs in the world.

Control can be many things – a can on the beach marking a start-
ing point for someone to pace off a sand volleyball court, or a pre-
cise and highly accurate mark on a geodetic monument disk that 
has been established with week-long GPS observations.  Like 
many things, control has specialized applications depending on 
the task at hand and can range greatly in cost.

Ground Control Point, Oklahoma

Measurement and reference to physical points on the ground are necessary to ensure the acquired data “ties” to the ground’s surface, creating an accu-
rate deliverable.

Ground Control
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To be useful, control needs to be more precisely measured and pos-
sess a higher degree of accuracy than the mapping or orthophotog-
raphy.  It would do no good to fly imagery for a project and subse-
quently map it one foot accuracies if the control which anchored all 
of the mapping work was derived from a U.S. Geological Survey 
7.5 Minute Topographic Map with a stated accuracy of 40 feet. The 
inverse is also true. Control is costly and its measurement needs to 
be matched to the project deliverables to meet solicitation’s budget 
and schedule.

Control is either paneled as an aerial target, or is collected as a 
photo-identifiable point.  Paneling a point allows you to put con-
trol exactly where you want it, but it requires leaving a target, usu-
ally painted or identified with plastic strips, to identify where the 
control point is located and to make it visible to aerial sensors. This 
has both pros and cons – with plastic, it can be disturbed or de-
stroyed by the farmers cow or by high winds. So panel mainte-
nance becomes necessary to ensure the panels are in place and visi-
ble when the aerial photography occurs.  This can become expen-
sive and requires coordination between the control and remote 
sensing crews. If a single critical control point is obscured or de-
stroyed and cannot be seen in the aerial photography or LiDAR, 
reflights may have to occur. Further, the control targets cannot be 
removed until after the acquired data has been verified as usable. 
Removing the targets requires a revisit to the property. This adds 
another cost to the project.

Photo-identifiable points offer the benefit of being permanent or 
semi-permanent features in the area of interest clearly visible to the 
remote sensing equipment, without requiring a panel.  Quality, 
photo-identifiable control is easy in urban areas, but in more re-

mote areas, it can become more difficult to find a suitable feature 
that has enough contrast, permanency and visibility to act as a sta-
ble control point over time.

The source of ground control is important and has direct bearing 
on the confidence one can place in the accuracy of the base map-
ping. The value of the very expensive topographic and planimetric 
mapping and orthoimagery acquired can be significantly compro-
mised without good control. Extreme care and expert advice is 
needed to ensure adequate control is used for the project. What-
ever the source, the ground control must have a “defined, meas-
ured” accuracy. It must be collected to a defined set of standards. 
For example, many photo-identifiable points with latitude and lon-
gitude coordinates can be derived from high resolution (15 cm 
GSD) Google Earth imagery. However, if the positional accuracy of 
that imagery displayed in that projection has not been defined, 
then the degree of confidence with which you can use that control 
for your base mapping project is quite low.

The costs of surveyed ground control can be impacted by a num-
ber of factors that need to be considered in the solicitation. Is ac-
cess to the property possible with or without permission of the 
land owner? Are the locations of the points accessible or remote? 
Can they be surveyed safely or will they require special precau-
tions to protect the surveyors? Can the points be accessed using ve-
hicles or will they require other modes of transport?

Control should be obtained using trained GPS technicians and pro-
fessional surveyors. Many states require professional surveyors to 
perform this work. For some projects a certified photogrammetrist 
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is qualified to design a project using photo-identifiable control and 
a professional surveyor is not needed.

COLLECTION METHODS
Professional surveyors are generally needed to measure ground 
control after the mapping professionals have determined the num-
ber and placement of the points needed to meet the mapping accu-
racy specifications. Because manual labour is involved costs can be 
quite high. However, they often comprise only a small proportion 
of the overall project costs and are foundational to the validity and 
usefulness of all the information built on top of it used by design 
and GIS specialists.

Existing control may be available and can also be licensed. Some 
agencies balk at the idea of non-ownership, but when viewed as a 
commodity such as Microsoft Office, ownership considerations be-
come less important – what is important is the use of the product 
for the purpose at hand.  Licensed control data (in effect “pre-
used”) can be more cost-effective than acquiring the control 
needed for the project.
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SECTION 2

Every contractor performs some level of quality control and qual-
ity assurance for the project. But precisely what is checked and 
what quality assurance methods are employed by the contractors 
to ensure quality, repeatable deliverables? How much and what 
methods of quality control and quality assurance are needed? 
How much QA/QC can be afforded? Are quality management 
standards like ISO 9000 important? Should independent contrac-

tors be used to certify the quality of deliverables? What measures 
of quality are important?

The final confidence in the quality of the project's deliverables will 
be directly proportional to the degree to which the solicitation ad-
dresses these concerns.

QA/QC Report Grid

Accurate reports, like the one pictured, measure all controlled survey points against the final model deliverable.  Variances are denoted and in some cases 
improved upon depending on the contracted specifications. 

Quality Control & Assurance
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Quality Control (QC) is a process employed to ensure a certain 
level of quality in a product or service. Quality assurance (QA) is 
the process of verifying or determining whether products or serv-
ices meet or exceed customer expectations. It is prudent to under-
stand what measures the contractor will employ to ensure deliver-
ables meet quality expectations. Quality Assurance is generally per-
formed by the buyer and can be done in-house or contracted to a 
3rd party. It is very important that quality assurance procedures 
and costs be considered while the solicitation is drafted so the pro-
ject budget accurately reflects these associated costs. The costs of 
QA typically range from 15%-20% of the project budget.
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SECTION 3

Geospatial projects continue to grow in size. The total area being 
imaged or modeled and the volume of data produced and deliv-
ered continues has grown to unprecedented levels. Delivery of 
this information is an important consideration for many projects. 
Several factors should be considered.

BACKUP COPIES
Is a physical digital copy of the deliverables needed? Generally 
this is the case if for no other reason than to ensure the data is 
available if the manufacturers cease to exist, or for other security 
reasons. If data is a required deliverable the type of media should 
be specified: tape, external hard drive, or optical. If hard drives are 
used, will they be USB 2.0, USB 3.0, or SATA interfaces?

Aerial Services Server Room

With today’s digital services being produced, physical hard drives, web services, backup, and other digital deliverables are the norm.

Deliverable Methods
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WEB SERVICES
It may be advantageous to have data delivered as a web service. 
The advantages to this include avoiding the high cost of infrastruc-
ture and personnel to maintain infrastructure that is needed to host 
large volumes of geodata internally. Once outsourced, the users 
may work as usual but the high costs of infrastructure have been 
outsourced and become a low fixed cost to the organization.

If web services are procured for delivery of project data, project 
specifications should be drafted that clearly define the following:

• Describe how each type of data will be provided.  (Are these 
services portable to other cloud providers? Are these services 
scalable?)

• WMS

• WMTS 

• FTP

• Other RESTful services 

• Flash or Javascript clients

• Ensure the web services are compatible with the browsers and 
desktop GIS software that will be used by the user community.

• Clarify data ownership and licensing.

• Clarify where the data is physically located.

• Understand the terms of service.

• Define both the on-boarding (loading data into the web service) 
and off-boarding (pulling data off the web service) processes and 
deliverable types

• Define the type of data security in use by the cloud provider and 
who is responsible for what if the service fails.

• Ensure the billing methods for using the service are compatible 
with your organization.
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Aerial Services, Inc. (ASI) is an integrated team of professionals providing premier Aerial Acquisition, Digital Ortho, 
Vector Mapping, Terrain & LiDAR services to government, utilities, engineers, and other geospatial clients. Based in 
the Iowa heartland for nearly half a century, Aerial Services’ resilient work ethic, cutting-edge technology, and 
experienced staff combine to harness the power of geographic information and provide solutions you need.

CHAPTER 6
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SECTION 1

Aerial Services, Inc. (ASI) is an established provider of 
customized geospatial solutions.
• They will exceed your expectations while delivering on prom-

ises 

• Their experience with and mastery of emerging technology en-
sures your project is accurate, on-time, and within budget 

• Their hard-working staff of professional photogrammetrists, 
surveyors, computer professionals, GIS specialists, aerial photog-
raphers, and pilots are among the best at developing geospatial 
services 

• Many employees have been with the company for decades 

• Located in the charming Midwestern town of Cedar Falls, Iowa  
Aerial Services has become a trusted provider of geospatial solu-

People Matter. Projects Matter.

Aerial Services has been exceeding clients’ expectations for nearly half a decade. Their robust toolset of aircraft, remote-sensing equipment, expert em-
ployees, and decades of experience ensure the project they do for the people they work for are done right.

A Trusted Geospatial Provider
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tions, allowing them to provide all of the services of the large 
geospatial providers with the attention to detail and personal 
service of smaller operations. 

SOLUTIONS
Geosolutions are seamlessly integrated and focused on the critical 
needs of Aerial Services’ customers. We have both standard and 
custom solutions with foundations in providing excellent value, 
timely provision of geoknowledge and the ultimate in quality.

Customizable Options For:
• Oil & Gas

• Aggregate & Mining

• Roadway

• Electrical Utility

• Precision Farming

• Resource Management

• Forestry

• Land Management

• Railway

Technology
• Imagery 

• LiDAR 

• Photogrammetry 

• Video 

• Metadata 

• Ground Penetrating Radar 

Visualizations 
• Fly Throughs 

• Industry Standard Formats 

• GIS Files 

• GeoPDF 

• Paper Maps / Posters 

eDelivery 
• Hard Drive or USB 

• FTP Download 

• Web Services 

eSolutions 
• Spatial Cloud 

• eDocs 

Accuracy 
• GIS Grade 

• Engineering Grade  

Contact Now
Contact Aerial Services’ Geospatial Solutions Managers to consult 
on your specific project needs today.
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     Call - (319) 277-0436  

Email - Inquiries@AerialServicesInc.com 

   Visit -  www.AerialServicesInc.com 
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Aerial Services Enewsletter if your place to stay up-to-date

SECTION 2

Established in 2007, the Aerial Services Enewsletter has a loyal 
following of thousands of friends of Aerial Services who want to 
stay on top of developing trends, tech, and opinion regarding the 
remote-sensing profession.

The Enewsletter is released once per quarter with news, reviews, 
and opinion regarding the geospatial profession. 

All are welcome to sign-up for free via the form on the right

Enews For You

65

Free Enewsletter Signup

• * Starred items required, others are optional. 
• You may unsubscribe at anytime via an easy unsubscribe link.
• Aerial Services respects your inbox and does not spam.  



95% Confidence Level

Accuracy reported at the 95% confidence level means that 95% of the positions or elevations 
in the dataset will have an error with respect to true ground position or true elevation that is 
equal to or smaller than the reported accuracy value. The reported accuracy value reflects all 
uncertainties, including those introduced by geodetic control coordinates; GPS-IMU system 
error, sensor error, processing algorithm error, interpolation error, and final computation of 
ground coordinate values in the product. Where errors follow a normal error distribution, 
Accuracyz defines vertical accuracy at the 95% confidence level (computed as RMSEz x 
1.9600), and Accuracyr defines horizontal (radial) accuracy at the 95% confidence level (com-
puted as RMSEr x 1.7308). 

A note about Confidence Interval and Percentiles:

The concepts of “95% Confidence Interval” and 95th Percentile sound very similar and can be confus-
ing. But they are quite different and it is important to understand them. For example, we may never 
want to agree to providing Lidar accuracies in vegetation to a “95% confidence interval”, because it 
may not meet this due to the nature of non-random errors of that dataset. Some specifications may 
wrongly want this assurance and we need to clearly explain why they should be asking for “95th Per-
centile” for vertical accuracies of points in vegetation classifications.

95% Confidence Interval defines the Upper and Lower Confidence Limits of your sample mean.  If 
theoretical distribution of sample means is normal, then 95% Confidence Interval defines a PROB-
ABILITY of 0.95 that another sample mean also would fall within the Confidence Limits, if you were 
to do the experiment again (same sample size).

95th Percentile simply means that 95% of all values lie below that point.  That observation applies to 
all distributions, regardless whether they are normal. It says nothing about the “population” of all 
measurements. It describes this one sample of observations only.

Related Glossary Terms

Index

Chapter 4 - Elevation - LiDAR
Chapter 4 - Planimetric Mapping
Chapter 5 - Ground Control

95th Percentile

Find Term



95th Percentile

Accuracy reported at the 95th percentile indicates that 95% of the errors will be of equal or 
lesser value and 5% of the errors will be of larger value. This term is used when errors may 
not follow a normal error distribution, e.g., in forested areas where the classification of bare-
earth elevations may have a positive bias. NDEP established guidelines that specifically ad-
dress LiDAR and the fact that the RMSE process is inappropriate for many land cover catego-
ries except for open terrain where there are no valid reasons why errors should not follow a 
normal error distribution. Vertical accuracy at the 95% confidence level and 95th percentile 
may be compared to evaluate the degree to which actual errors approach a normal error dis-
tribution. See “Issue 37: Quality Control of Light Detection and ranging (LiDAR) Elevation 
Data in North Carolina for Phase II of the NCFMP”. 
http://www.ncfloodmaps.com/pubdocs/issue_papers/IP37-phaseII_lidar_qc.pdf

A note about Confidence Interval and Percentiles:

The concepts of “95% Confidence Interval” and 95th Percentile sound very similar and can be confus-
ing. But they are quite different and it is important to understand them. For example, we may never 
want to agree to providing Lidar accuracies in vegetation to a “95% confidence interval”, because it 
may not meet this due to the nature of non-random errors of that dataset. Some specifications may 
wrongly want this assurance and we need to clearly explain why they should be asking for “95th Per-
centile” for vertical accuracies of points in vegetation classifications.

95% Confidence Interval defines the Upper and Lower Confidence Limits of your sample mean.  If 
theoretical distribution of sample means is normal, then 95% Confidence Interval defines a PROB-
ABILITY of 0.95 that another sample mean also would fall within the Confidence Limits, if you were 
to do the experiment again (same sample size).

95th Percentile simply means that 95% of all values lie below that point.  That observation applies to 
all distributions, regardless whether they are normal. It says nothing about the “population” of all 
measurements. It describes this one sample of observations only.

Related Glossary Terms

Index

95% Confidence Level, Percentile

Find Term



Absolute Accuracy

A measure that accounts for all systematic and random errors in a data set. Absolute accu-
racy is stated with respect to a defined datum or reference system.

Related Glossary Terms

Index

Chapter 4 - Elevation - LiDAR

Accuracy

Find Term



Accuracy

The closeness of an estimated value (e.g., measured or computed) to a standard or accepted 
(true) value of a particular quantity. Note: With the exception of GPS Continuously Operat-
ing Reference Stations (CORS), assumed to be known with zero errors relative to established 
datums, the true locations of 3-D spatial coordinates or other points are not known, but only 
estimated. Therefore, the accuracy of other coordinate information is unknown and can only 
be estimated.

Related Glossary Terms

Index

Chapter 1 - Opinion: How NOT to Procure Professional Services
Chapter 2 - Mapping Scale
Chapter 2 - Map Accuracy Standards
Chapter 3 - Satellite
Chapter 3 - Mobilization
Chapter 3 - Resolution
Chapter 3 - Camera System Type
Chapter 4 - Topographic Mapping
Chapter 4 - Modeling the Earth's Surface
Chapter 4 - Elevation - Hydrography
Chapter 4 - Elevation - LiDAR
Chapter 5 - Ground Control

Absolute Accuracy, Accuracyr, Accuracyz, Geospatial Accuracy Standard, Local Accuracy, 
Network Accuracy, Percentile, Positional Accuracy, Precision, Relative Accuracy, Resolu-
tion, Root Mean Square Error (RMSE)

Find Term



Accuracyr

The NSSDA reporting standard in the horizontal component that equals the radius of a cir-
cle of uncertainty, such that the true or theoretical horizontal location of the point falls 
within that circle 95-% of the time. Accuracyr= 1.7308 x Root Mean Square Errorr (RMSEr). 
Horizontal accuracy is defined as the positional accuracy of a dataset with respect to a hori-
zontal datum. 

Related Glossary Terms

Index

Accuracy

Find Term



Accuracyz

The NSSDA reporting standard in the vertical component that equals the linear uncertainty 
value, such that the true or theoretical vertical location of the point falls within that linear un-
certainty value 95-% of the time. Accuracyz= 1.9600 x RMSEz. Vertical accuracy is defined as 
the positional accuracy of a dataset with respect to a vertical datum.

Related Glossary Terms

Index

Accuracy

Find Term



Bare Earth DEM (Digital Elevation Model)

A popular acronym used as a generic term for digital topographic and/or bathymetric data 
in all its various forms, but most often bare earth elevations at regularly spaced intervals in 
X and Y directions. Regularly spaced elevation data are easily and efficiently processed in a 
variety of computer uses. A DEM contains elevations at points arranged in a raster data 
structure, a regularly spaced X, Y grid, where the intervals of ∆X and ∆Y are normally in lin-
ear units (feet or meters) or geographic units (degrees or fractions of degrees of latitude or 
longitude). The Z-values in a DEM represent the height of the terrain, relative to a specific 
vertical datum and void of vegetation or manmade structures such as buildings, bridges, 
walls, et cetera. The elevation of lakes and rivers in a DEM implies the height of the water 
surface based on elevation of the exposed shoreline. The observations, or direct measure-
ments, of elevation that comprise the DEM are almost never actually captured on a regular 
grid; therefore, the elevation for any given point in the grid is normally interpolated from 
other forms of source data. LiDAR, for example, yields a dense set of irregularly spaced 
points; interpolation to a grid requires using one of many possible interpolation algorithms, 
which produce varying results. Linear features, such as streams, North Carolina Technical 
Specifications for LiDAR Base Mapping Page 23of 74 Adopted January 30, 2013 by North 
Carolina Secretary of State Elaine F. Marshall drainage ditches, ridges, and roads are often 
lost in a DEM if the grid spacing is larger than the dimensions of the feature. Furthermore, 
in a DEM, it is unlikely that the hard edge of the feature will be represented correctly in the 
terrain model. The DEM, because it is a raster data structure similar to a digital image, is an 
efficient format for storage, analysis, rendering, and visualization.

Related Glossary Terms

Index

Digital Surface Model (DSM), Digital Terrain Model (DTM), Triangulated Irregular Network 
(TIN)

Find Term



Breakline

A linear feature demarking a change in the smoothness or continuity of a surface such as 
abrupt elevation changes or a stream line. The two most common forms of breaklines are 
soft and hard breaklines.

Related Glossary Terms

Index

Chapter 4 - Topographic Mapping
Chapter 4 - Modeling the Earth's Surface
Chapter 4 - Elevation - LiDAR

Contours, Hard breakline, Soft breakline

Find Term



Consolidated Vertical Accuracy (CVA)

The result of a test of the accuracy of vertical checkpoints (z-values) consolidated for two or 
more of the major land cover categories, representing both open terrain and other land cover 
categories. Computed by using the 95th percentile, CVA is always accompanied by Funda-
mental Vertical Accuracy (FVA). 

Related Glossary Terms

Index

Fundamental Vertical Accuracy (FVA), Supplemental Vertical Accuracy (SVA)

Find Term



Contours

Lines of equal elevation on a surface. An imaginary line on the ground, all points of which 
are at the same elevation above or below a specified reference surface (datum). 

Related Glossary Terms

Index

Chapter 2 - Map Accuracy Standards
Chapter 4 - Topographic Mapping
Chapter 4 - Modeling the Earth's Surface
Chapter 4 - Elevation - LiDAR

Breakline, Hillshade

Find Term



DEM post spacing

Defined as the constant sampling interval in X- and Y-directions of a DEM lattice or grid. 
This is also called the horizontal resolution of a gridded DEM or the DEM grid spacing. If a 
DEM is required as part of project specifications the contract must include the desired grid 
spacing. It is standard industry practice to have: • 1-meter DEM post spacing for elevation 
data with 1-foot equivalent contour accuracy; • 2-meter DEM post spacing for elevation 
data with 2-foot equivalent contour accuracy; and • 5-meter DEM post spacing for elevation 
data with 5-foot equivalent contour accuracy. 

Related Glossary Terms

Index

Digital Surface Model (DSM), Digital Terrain Model (DTM)

Find Term



Digital Surface Model (DSM)

An elevation model created for use in computer software that is similar to DEMs or DTMs 
except that DSMs depict the elevations of the top surfaces of buildings, trees, towers, and 
other features elevated above the bare earth. 

Related Glossary Terms

Index

Chapter 4 - Modeling the Earth's Surface

Bare Earth DEM (Digital Elevation Model), DEM post spacing, Triangulated Irregular Net-
work (TIN)

Find Term



Digital Terrain Model (DTM)

Data structure is also made up of X and Y points with Z-values representing elevations, but 
unlike the DEM, these may be irregularly or randomly spaced mass points. Direct observa-
tions of elevation at a particular location can be incorporated without interpolation, and the 
density of points can be adjusted so as best to characterize the actual terrain. Fewer points 
can describe very flat or evenly sloping ground; more points can be captured to describe 
very complicated terrain. In addition to mass points, the DTM data structure often incorpo-
rates breaklines(further defined below) to retain abrupt linear features in the model. A DTM 
is often more expensive and time consuming to collect than a DEM, but is considered techni-
cally superior for most engineering analyses because it retains natural features of the terrain. 

Related Glossary Terms

Index

Chapter 1 - Opinion: How NOT to Procure Professional Services

Bare Earth DEM (Digital Elevation Model), DEM post spacing, Triangulated Irregular Net-
work (TIN)

Find Term



Fundamental Vertical Accuracy (FVA)

the value by which vertical accuracy can be equitably assessed and compared among data-
sets. The FVA is determined with vertical checkpoints located only in open terrain, where 
there is a very high probability that the sensor will have detected the ground surface. FVA is 
calculated at the 95% confidence level in open terrain only, using RMSEz x 1.9600.

Related Glossary Terms

Index

Consolidated Vertical Accuracy (CVA), Supplemental Vertical Accuracy (SVA)

Find Term



Geospatial Accuracy Standard

A common accuracy testing and reporting methodology that facilitates sharing and in-
teroperability of geospatial data. Published in 1998, the National Standard for Spatial Data 
Accuracy (NSSDA) is the Federal Geographic Data Committee (FGDC) standard relevant to 
digital elevation data when assuming that errors follow a normal error distribution. How-
ever, after it was learned that LiDAR datasets do not necessarily follow a normal distribu-
tion in vegetated terrain, the National Digital Elevation Program (NDEP) published its 
“Guidelines for Digital Elevation Data” and the American Society for Photogrammetry and 
Remote Sensing (ASPRS) published the “ASPRS Guidelines: Vertical Accuracy Reporting for 
LiDAR Data,” both of which were published in 2004 and use newer terms defined below as 
Fundamental Vertical Accuracy (FVA), Supplemental Vertical Accuracy (SVA) and Consoli-
dated Vertical Accuracy (CVA). All of these standards, designed for digital elevation data, 
replace the National Map Accuracy Standard (NMAS) that is applicable only to graphic 
maps defined by map scale and contour interval.

Related Glossary Terms

Index

Accuracy

Find Term



Hard breakline

Defines interruptions in surface smoothness, e.g., to define streams, shorelines, dams, ridges, 
building footprints, and other locations with abrupt surface changes. Although some hard 
breaklines are 3-D breaklines, they are often depicted as 2-D breaklines because features 
such as shorelines and building footprints are normally depicted with a series of horizontal 
coordinates only, that are often digitized from digital orthophotography that include no ele-
vation data. 

Related Glossary Terms

Index

Breakline, Soft breakline

Find Term



Hillshade

A function used to create an illuminated representation of a surface, using a hypothetical 
light source that simulates the cast shadow thrown upon a raised relief map. This process is 
helpful in identifying linear features such as streams and ridgelines. North Carolina Techni-
cal Specifications for LiDAR Base Mapping 

Related Glossary Terms

Index

Contours

Find Term



Local Accuracy

A value that represents the uncertainty in the coordinates of a control point relative to the co-
ordinates of other directly-connected, adjacent control points at the 95% confidence level. 
The reported local accuracy is an approximate average of the individual local accuracy val-
ues between this control point and other observed control points used to establish the coordi-
nates of the control point.

Related Glossary Terms

Index

Accuracy, Network Accuracy

Find Term



Network Accuracy

A value that represents the uncertainty in the coordinates of a control point with respect to 
the geodetic datum at the 95% confidence level. For National Spatial Reference System 
(NSRS) network accuracy classification in the U.S., the datum is considered to be best ex-
pressed by the geodetic values at the CORS supported by the National Geodetic Survey 
(NGS). By this definition, the local and network accuracy values at CORS sites are consid-
ered to be infinitesimal, i.e., to approach zero.

Related Glossary Terms

Index

Accuracy, Local Accuracy

Find Term



Nominal Point Spacing

Not an appropriate term in LiDAR because a single Pulse can produce multiple points. NPS 
as used in this standard pertains to LiDAR only and is not intended to pertain to photogram-
metry or Interferometric Synthetic Aperture Radar (IFSAR).

Related Glossary Terms

Index

Nominal Pulse Spacing (NPS)

Find Term



Nominal Pulse Spacing (NPS)

The estimated average spacing of irregularly-spaced LiDAR points in both the along-track 
and cross-track directions resulting from: the laser pulse repetition frequency (e.g., 100,000 
pulses of laser energy emitted in one second from a 100 kHz sensor); scanrate (sometimes 
viewed as the number of zigzags per second for this common scanning pattern); field-of-
view; flight airspeed, and flight altitude above the terrain. LiDAR system developers cur-
rently provide “design NPS” as part of the design pulse density, although the American Soci-
ety for Photogrammetry and Remote Sensing (ASPRS) is North Carolina Technical Specifica-
tions for LiDAR Base Mapping currently developing standard procedures to compute the 
“empirical NPS” which should be approximately the same as the “design NPS” when accept-
ing statistically insignificant loss of returns and disregarding void areas, from water for ex-
ample. The NPS assessment is made against single swath first return data located within the 
geometrically usable center portion (typically ~90%) of each swath. Average along-track and 
cross-track pulse spacing should be comparable. When point density is increased by relying 
on overlap or double-coverage it should be documented in metadata, and the project’s re-
ported NPS should not change. The NPS should be equal to or less than the desired Digital 
Elevation Model grid. NPS is not to be substituted for Nominal Point Spacing. 

Nominal Point Spacing = 1 / sqrt(points per sq m)

Related Glossary Terms

Index

Nominal Point Spacing

Find Term



Percentile

Any of the values in a dataset of errors dividing the distribution of the individual errors in 
the dataset into one hundred groups of equal frequency. Any of those groups can specify a 
specific percentile, e.g., the 95th percentile as defined below.

Related Glossary Terms

Index

95th Percentile, Accuracy

Find Term



Positional Accuracy

The accuracy of the position of features, including horizontal and/or vertical positions.

Related Glossary Terms

Index

Chapter 1 - Opinion: How NOT to Procure Professional Services
Chapter 2 - Mapping Scale
Chapter 2 - Map Accuracy Standards
Chapter 3 - Satellite
Chapter 3 - Resolution
Chapter 3 - Camera System Type
Chapter 4 - Topographic Mapping

Accuracy, Relative Accuracy

Find Term



Precision

A statistical measure of the tendency of a set of random numbers to cluster about a number 
determined by the dataset. Precision relates to the quality of the method by which the meas-
urements were made and is distinguished from accuracy which relates to the quality of the 
result. The term “precision” not only applies to the fidelity with which required operations 
are performed, but, by custom, has been applied to methods and instruments employed in 
obtaining results of a high order of precision. Precision is exemplified by the number of deci-
mal places to which a computation is carried and a result stated. 

Related Glossary Terms

Index

Chapter 3 - Image Band & Depth

Accuracy, Resolution

Find Term



Relative Accuracy

A measure that accounts for random errors in a dataset. Relative accuracy may also be re-
ferred to as point-to-point accuracy. The general measure of relative accuracy is an evalua-
tion of the random errors (systematic errors and blunders removed) in determining the posi-
tional orientation (e.g., distance, azimuth) of one point or feature with respect to another. 

Related Glossary Terms

Index

Accuracy, Positional Accuracy

Find Term



Resolution

In the context of elevation data, resolution is synonymous with the horizontal density of ele-
vation data points for which two similar terms are used; Nominal Pulse Spacing and Nomi-
nal Point Spacing. 

Related Glossary Terms

Index

Chapter 3 - Satellite
Chapter 3 - Resolution
Chapter 4 - Elevation - Hydrography
Chapter 4 - Elevation - LiDAR
Chapter 5 - Ground Control

Accuracy, Precision

Find Term



Root Mean Square Error (RMSE)

The square root of the average of the sum of squared differences between dataset coordinate 
values and coordinate values from an independent source of higher accuracy for identical 
points. The vertical RMSE (RMSEz), for example, is calculated as the square root of S(Zn – 
Z’n)2/N, where: Zn is the set of N z-values (elevations) being evaluated, normally interpo-
lated (for TINs and DEMs) from dataset elevations of points surrounding the X-Y coordi-
nates of checkpoints; and Z’n is the corresponding set of checkpoint elevations for the points 
being evaluated; -Nis the number of checkpoints; and n is the identification number of each 
of the checkpoints from 1 through N. Adopted January 30, 2013 by North Carolina Secretary 
of State Elaine F. Marshall 

Related Glossary Terms
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Accuracy

Find Term



Soft breakline

Ensures that known elevations, or Z-values, along a linear feature are maintained (e.g., eleva-
tions along a pipeline, road centerline, or drainage ditch), and ensures the boundary of natu-
ral and man-made features on the Earth’s surface are appropriately represented in the digi-
tal terrain data by use of linear features and polygon edges. They are generally synonymous 
with 3-D breaklines because they are depicted with series of Z-Y-Z coordinates.

Related Glossary Terms

Index

Breakline, Hard breakline

Find Term



Supplemental Vertical Accuracy (SVA)

The result of a test of the accuracy of z-values over areas with ground cover categories or 
combination of categories other than open terrain. Computed by using the 95th percentile, 
SVA is always accompanied by FVA. SVA values are computed individually for different 
land cover categories. Each land cover type representing 10% or more of the total project 
area is typically tested and reported as an SVA. SVA specifications are normally target values 
that may be exceeded so long as overall CVA requirements are satisfied. 

Related Glossary Terms

Index

Consolidated Vertical Accuracy (CVA), Fundamental Vertical Accuracy (FVA)

Find Term



Triangulated Irregular Network (TIN)

A set of adjacent, non-overlapping triangles computed from the mass points and breaklines 
in a DTM. TINs also preserve abrupt linear features and are excellent for calculations of 
slope, aspect, and surface area and for automated generation of topographic contours, 
which are all important functions to the flood study engineering. Storage formats for TINs 
are more complex than either DEMs or DTMs, because the relationship of elevation points 
and triangular surfaces must be preserved within the data structure. A TIN model may be 
preferable to a DEM when it is critical to preserve the location of narrow or small surface fea-
tures such as a stream channel or ridge line.

Related Glossary Terms

Index

Bare Earth DEM (Digital Elevation Model), Digital Surface Model (DSM), Digital Terrain 
Model (DTM)
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