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Background

 Since the sun setting of the
“Department Location Survey Manual”
there has been no Department guide for
the use of Photogrammetry on
transportation projects.

* With the advent of digital cameras we
are moving away from the traditional
photo scale requirements since these
film and paper based criteria have little
meaning in the digital
photography/softcopy world.

* The new ASPRS Positional Accuracy
Standards for Digital Geospatial Data
(EDITION 1, VERSION 1.0. - NOVEMBER,
2014) requirements are based on the
Ground Sample Distance (GSD) of the
final digital orthophotography as a basis
for imagery specifications.
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Definition

“Photogrammetry is the art, science, and technology of obtaining reliable information about
physical objects and the environment through processes of recording, measuring, and interpreting
photographic images and patterns of electromagnetic radiant energy and other phenomenon.”

Slama, C. (Ed.). (1980). Manual of Photogrammetry (Fourth ed.). Falls Church, Virginia, USA: American Society of
Photogrammetry.

Ground sample distance is the ground distance represented by a single pixel on the image.
The raw camera GSD or “source” GSD is governed by the camera focal length, the flying height, and the size of a pixel

in the camera CCD (Charged Coupled Device).
F= Focal Length
-'r — Ps H = Height above ground,

H Gsh Ps = Camera Pixel Size
G50 = Ground Samgle Distancs

In digital imaging, sensor native pixel size (P.) Is fixed. Specified GSD Imagery Sowrce | | B, |
is achieved only by varying the imaging altitude. Image scale s simply: Fam

Scanned © 10

Image Scale = P/GSD Scanned D 1

152mm | 10.04
30%mm | 100y

Since Image Scale = f/H also, therefore f/H = P./GSD. Imaging altitude
{M) can be daerived from:

H = GSD x /P,
II PurV'EW ’ In the Z{1 DMC f = 120mm and P, = 12y, to achieve a 20em GSD 0.8 A Short-hand method In determining imaging
W WO 1 } - 080 altitide 1s to multiply the reguired G5O by the flaed
Y S p—_— H = 20cm x 120mm/12y = 2000m Py Cactoe It aach IraognG Sstam

Purpose

Photogrammetry is one of many valuable remote sensing methods available to today’s
surveying and mapping professionals, and has a long history of use on transportation projects.

This handbook sets forth basic guidelines for performing aerial photogrammetric surveys for
the Department. It is not intended to be a comprehensive technical manual, rather a
supporting document to the Department Procedure Aerial Surveying and Mapping Standards
for Transportation Projects - Topic No. 550-020-002-i. Consultants are strongly urged to review
the procedure document, and refer to the district surveying department for specific project
instructions.

The requirements herein are at the discretion of the Department and may be waived under
certain circumstances such as but not limited to; post disaster mapping, research and
development, and equipment testing / calibration. It is the Consultant’s responsibility to get all
such waivers in writing before commencement of work.

This document is organized into sections related to the typical tasks and deliverables associated
with a transportation project employing Aerial Photogrammetric technologies.
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ASPRS Positional Accuracy Standards for Digital Geospatial Data
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7. Specific Requirements

7.1 Statistical Assessment of Horizontal and Vertical Accuracies

7.2 Assumptions Regarding Systematic Errors and Acceptable Mean Error
7.3 Horizontal Accuracy Standards for Geospatial Data

7.4 Vertical Accuracy Standards for Elevation Data

7.5 Horizontal Accuracy Requirements for Elevation Data

7.6 Low Confidence Areas for Elevation Data

7.7 Accuracy Requirements for Aerial Triangulation and INS-based Sensor Orientation of Digital Imagery
7.8 Accuracy Requirements for Ground Control Used for Aerial Triangulation
7.9 Checkpoint Accuracy and Placement Requirements

7.10 Checkpoint Density and Distribution

7.11 Relative Accuracy of LiDAR and IFSAR Data

7.12 Reporting
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FDOT Photogrammetry Handbook

General Requirements
Unless otherwise stated, this section identifies the general requirements

common to all aerial photogrammetric products and services performed for the

Department.
Before Work Begins

When a contract is awarded and before any work begins, the consultant will contact the

District Surveying and Mapping Office to request the Photographic Designation (PD)

number. The PD number shall be included in image file names or labeled on the aerial film
so the film can be included in the Central Surveying and Mapping Office Film Library without
modifications. The PD number should be referenced in all correspondence and project

deliverables.

Planning

".-..20 15_" e
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Planning is critical to the success of any survey project. The planning activities should begin

with reviewing the project scope and location to develop the detailed aerial survey

approach. The approach activities will vary based on project requirements; however there
are important elements common to all aerial survey approaches that are worth noting here.
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FDOT Photogrammetry Handbook

* General Requirements (continued)

 Aerial Photography Mission Plan
* Planning is critical to the success of any survey project. The planning activities should begin with a
graphic aerial mission plan (see Figure 5.2.1a) based on the location and scope of the project
should be developed. The mission plan should show proper stereo image model coverage of the
project area, as well as other pertinent information supporting the flight mission with the
understanding that properly executed the flight will provide sufficient results necessary to achieve

the desired survey products.
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FDOT Photogrammetry Handbook

* General Requirements (continued)

* Ground Control Reconnaissance

* Ground Control Survey

* Control Survey Deliverables:

* The Professional Surveyor and Mapper (PSM) will prepare a certified survey report that shall

at a minimum include:

* Figure 6.4.1a — Ground Control Table Example (County Orthophotography)
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General Requirements (continued)
Equipment
It is required that the camera collecting aerial photography at photo scales of 1:3000 or larger be
equipped with forward motion compensation and a gyro-stabilized camera mount. On Aerial mapping
projects utilizing Airborne GPS (AGPS) the camera system must have a documented bore-sight
calibration performed after any repair work involving camera adjustment or removal from camera

mount, and within six months of any project imagery acquisition. Additional requirements include the
following:

Film Camera Specifications

A 6-inch (153mm) nominal focal length precision aerial camera equipped with eight (8) precise fiducial
marks and having an acceptable calibration report adhering to the Optical Science Laboratory, U.S.
Geological Survey specifications is required.

Current USGS calibration report. The calibration report shall be obtained every three years or after the
camera’s optical system has been disturbed, repaired, or modified. Failure to do so shall render the
calibration report invalid.

Digital Camera Specifications ~

A digital camera capable of producing at least 0.25 feet GSD resolutions and sufficient feature accuracy at
the target map scale, specified for the project.

Camera manufacturer must a current USGS type certification as defined by the USGS Remote Sensing
Technologies Project.

-'.-.,201-5.,'::7 :?L:ﬁw‘;{ Geometric distortions induced by the camera’s optical system shall be corrected during post processing
S oven r"‘“-’}_{’r'z'_; using valid calibration data obtained from the camera manufacturer or a facility authorized by the camera

manufacturer to provide such data.

FDOT Photogrammetry Handbook

General Requirements (continued) s L "
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Digital & Film Exposure Documentation

Flight lines shall be numbered from South to North and AN
West to East with the highest numbers ending on the v )
North and East. \

On all film exposures, each exposure shall be edited | :
across the exposure in a legible manner with; the date, * ; (%
photo scale (expressed as a ratio, Example: 1:25000), £ ‘
job number, flight line number and exposure number. o)
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General Requirements (continued)
Only digital photography will be accepted. Any film imagery shall be of sufficient quality that when

scanned with a calibrated photogrammetric scanner, the resulting digital imagery meets the accuracy i
requirements for the project based on the same ground sample distance (GSD) accuracy criteria for =

digital camera imagery presented later in this document. Aerial film developed for design purposes shall

be scanned with an appropriate pixel resolution of 5um to 15um. Mapping projects with smaller scale 4 |
such as County Orthophoto mapping may be scanned with an appropriate pixel resolution of < 25um. @

The Aerial Surveying and Mapping Consultant shall submit the scanner technical specifications and
calibration information to the Department.

All digital photographic image files shall be saved to final media using the following file naming
convention: AAAABB_CCCC (A=PD number, B=Flight Line number, C=Exposure number). Example:
492201_0010.tif Digital data shall be provided to the Department in a format which is immediately
readable by the Surveying and Mapping Office and the Department.

Meta Data — All final image files provided to the Department shall have a corresponding named
metadata file in Extensible Markup Language (xml) format that meets the CSDGM. Example:
492201_0010.xml
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General Requirements (continued)

Airborne GPS Processing

Airborne GPS (AGP) a.k.a. Inertial Navigation System (INS) based camera orientation
is vital to today’s softcopy photogrammetry where typically less ground control is
used. Solving for the trajectory of the sensor using post processing technique
provides position and orientation of the camera at the time of each exposure.

Post Mission Reporting shall at a minimum consist of the following:
a) A graphical representation of the vehicle trajectory. Sufficient documentation to
verify positional accuracy of camera at exposure events.
b) A text file with final post processed exposure events with camera position and
orientation (Omega Phi, Kappa and associated accuracies) sufficient for inclusion
into an aerial triangulation (AT) adjustment.

T
fomsagn Trasmerg®
L Enta
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General Requirements (continued)
Aerial Triangulation a.k.a. Aerotriangulation (AT)

".'-20 15,' =
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P www.asprs.org: http://www.asprs.org/PAD-Division/Map-Accuracy-Standards-Working-Group.html

Unless specifically requested otherwise, all aerial photogrammetry products shall be
produced from a robust AT adjustment.

“Accuracy requirements for aerial triangulation and INS-based sensor orientation of
digital Imagery”

The quality and accuracy of the aerial triangulation (if performed) and/or the INS-based
sensor orientation play a key role in determining the accuracy of final mapping products
derived from digital imagery. For all photogrammetric data sets, the accuracy of the
aerial triangulation or INS orientation (if used for direct orientation of the camera)
should be at least twice the accuracy of derived products, as evaluated at higher
accuracy check points using stereo photogrammetric measurements.” (ASPRS, 2014)

“Accuracy requirements for ground control used for aerial triangulation”

Ground controls points used for aerial triangulation should be at least three times better
than the expected Accuracy of aerial triangulation solution (for example, in order to
produce an orthophoto with an RMSEr of 15cm, the Aerotriangulation results should
have an RMSExyz of 7.5 cm and the ground control used should have RMSExyz of 2.5
cm)” (ASPRS, 2014)

ASPRS. (2014, March 21). Map-Accuracy-Standards-Working-Group.html. Retrieved 2014, from

FDOT Photogrammetry Handbook
Orthophotography

The source imagery may be re-sampled to produce orthophotography
with a larger GSD resulting in a product with less resolution than the
source imagery. However the reverse is not acceptablei.e. an
orthophotography product may not be re-sampled to have a smaller GSD
(higher resolution) than the original source imagery.

Orthophotography produced for the Department shall meet the
appropriate “Horizontal Data Accuracy Class” necessary to meet project
requirements as described in the latest publication of “ASPRS Accuracy
Standards for Digital Geospatial Data” current at the time of project
scoping.
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FDOT Photogrammetry Handbook
* Orthophotography (continued)

+ ASPRS Horizontal Accuracy Standards for Digital Orthoimagery (earlier version)

0 Pixel size *10 | Pixel size * 2.0

1 | Puelsize®20 |  Poelsze*d0

2 | Pixelsize *30 | Pixef size * 6.0

3 | Pixelsze*40 | Poelsze*80
‘ \

* The final quality control verification shall be a comparison of the positions
for a sample subset of the map features with ground positions for these
features independently collected such that they have a higher horizontal
accuracy. The resulting comparisons shall meet the positional accuracy
requirements for the map at the 95% confidence level based on the
NSSDA and shall be included in the Survey Report.
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* Orthophotography (continued)
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* ASPRS Planimetric

Tanrs 7.1 HORIZONTAL ACCURACY STANDARDS FOK GEOSPATIAL DATA

Absolute Accnrncy
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* ASPRS Vertical
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Questions?

Brett C. Wood, PSM

Aerial Mapping Manager

Florida Department of Transportation
Surveying & Mapping Office

605 Suwannee Street, MS 5-L
Tallahassee, FL 32399-0450

Phone (850) 414-4431
brett.wood@dot.state.fl.us

http://www.dot.state.fl.us/surveyingandmapping/
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