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EXECUTIVE SUMMARY

The objective of this report is to summarizentrol requirementsfor horizontal and vertical control
necessary to meet the target of National Map Accuracy Standards at 1:24008@rovidealternative
methodologies for meeting the specificatiorAlaska poses a major challenge in terms of ortho
controlling regional coverages of imagery and elevation datse extremes of terrain from sea level to
6,000 meter plus mountain peaks make a cetgsit ortho control model difficult.Logistics involved
with ground control arealsoa formidablechallenge This report summarizes the issues associated with
control of Alaska imagery and elevation dgpagvides a report on methods currently used by mqy
agencies and firmsynd proposes methodsor control standards, and serving up ground control from a
common repository.

Ground control isan important, if not critical, factor contributing to the accuracy of a basemap. At
urban area level scales, ground control typically is survey controlled and requires establishment of a
control network. At SDMI type rmapping scales, ground controlasas demanding, particulary when it
comes to satellite imageryGround control is typicallgxpensive and logistically challenging in Alaska
Ground control points (GCP) are currently being collected in varying densities throughout Alaska for
project level and regional acquisitiong-or very high resolution mapping in urban areas and
development projects densely distributed ground control is essential, but for a statewide, moderate
resolution map, ground control can be much less of a requiremBEmrefae, determining the amount

of ground control points (GCH}$ essential to a cost effective statewide mapping progr&uantrol
requirements for regional mapping using imagery have evolved éenteyears such that there is a
consistent methodology used amgst vendors collecting imagery and elevation data in AlaSkation

7 of this report describes these methods.

There is a substantial amount of existing good quality ground control in Alaskaisting of ground
control points and image chipsMapping pojects particularly since 2000 have used modern control
methods and technologies with good results. Also, the collection of control since that time has
accumulated such that an extensive network exists statewide (see Figu@uBanalysis reveals that
this control is extensive, and could provide a statewide level of control for SDMI mapping nieeds.
Alaska, aaumber of key regional mapping projeatsllecting Imeter to moderate resolution mapping
datahas been underway since 2003, and have helpedvevand mature feasible control methodologies
and requirementgseesummary inSection8, Table3). Higher resolution imagery and elevation projects
require more ground control, as express@ interviews with key mapping and surveying fir(sse
Section7). Costs for ground control as collected in major Alaska projects is provided, along with
estimates for control for a statewide digital basemafye recommend a repository of statewide ground
control be established for SDMI mapping purposes that couldseel by agencies and industry alike.

Technology improvementis the area of iertial systems have greatly improved in the past five years,
and coupled wih improvements in the continualy operating (CORS) enable imagery providers to

SDMI Control Requirements Analysis-Final viii September 17, 2008
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collect and control imagery more quickly aadcurately Traditional or conventional survey control

methods may not be as much of a requirement in times of improved CORS networks, GPS, and related
technology. Additionally, with the realization that mamfythe monuments once thought stable are now

realized to be ingeotectonicflux, a more real world control network bad on CORS and related
technolagies makes more sensgerrain, however, is a serious consideration in Alaska. Although most of

the state § actually of moderate gradient, there are the extremes of the mountaigearsuch as the

Alaska and BraoRangesFor example, airborne GPS and IMU offer tremendous potential as accurate,

low cost, and easy means of getting control, but fall short inage terrain types. The advent of GPS
oraSR O2yiNBf YR I ROlIyOSa Ay 2dzNJ dzy RSNEGIF yRAyYy 3 2
a continuously operating reference stations (CORS) network and GPS/IMU methods, rather than on
traditional referece toin@ A 1 dz INR dzy R O2y G NBt® ! £ a1l Qad Reyl YAO!
in-ground control uncertain. A CORS network provides for a consisterb&@3R8 reference upon which

to control mapping. Except for a few notable gaps in interiorkda€ORS coverage in Alaska is actually

quite good (see Figuré). High quality, accurate moderate resolution mapping can be achieved using

CORS and DGPS/IMU with an evenly distributed, and widely spaced set of ground control points
(orthoimage chips).

Finally, in this report, an error budgeting tool is provided wheby the factors determining mapping
accuracy can be relatively assessed. For example, for an SDMI type scale of 1:24,000, this tool provides
guidelines regarding how much ground control is reg:djiven a certain type of imagery sensor, look
angle, and terrain type.Mapping accuracy is contingent on a number of key control factors that
influence ortho control of imagery and elevation.This applies to both satellite and aircraft platforms.
These éctors are:

1 Image pixel resolution

9 Sensor native accuracy or improved accuracy specifications
1 Sensor ofinadir angle

9 Terrain vertical accuracy

9 Terrain horizontal accuracy and slope

1 Quality of RPCs or éboard GPS/IMU

1 Ground control point accuracy and ttibution

SDMI Control Requirements Analysis-Final ix September 17, 2008
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1.0INTRODUCTION

Horizontal and ertical Control is a major challenge a statewide digital data acquisitioof
orthoimagery products As experienced in numerous projects througho#itaska, and through
information collected in this analysiborizontal and vertical control can be problematic dudaok of
an extensive onsistently acquireadontrol network andstill unresolved issues with geodetic models on
a statewide basis. With regard to basemap data, control would befreft a number of factors, and
perhapsmost from a regional network oficcessiblephoto-observabé ground controlpoints (GCPpr
image chips. Key projedts Alaskasee Table 3page 3] have established working models for control
acquisition as well as regional networks of control remote areasthat could collectively form a
statewide control network for SDMI purposes

We have focused our analysis of control requirements in large part on satellite imagery due to the fact
that the advent of high resolution commercial imaging satellites in meggears makes regional
acquisition of orthoimagery in remote areas mdeasible and cost effective

Section 3 of this report addresses control required for the various commercial satellite imaging options
in Alaska.Control requirements are discusseut ach satellite imaging option based on interviews with
satellite vendor representatives and technicians. Table 2 summarizes the mix of control and DEM
parameters by imaging sensor type.

Section 4 of this analysis addresses the issue of terrain artatecontrol for a statewide imagery
product. Please refer for more detailed coverage of digital elevation models to the SDMI DEM
Whitepaper produced by Dewberry in July, 2008.

In Section 5.0 we describe methods in use by the major Alaska mappirgaind their assessment of
control technologies for use in production of orthoimagery. Note, that many of these firms are mostly
involved in urban level mapping projects, or community projects such as the Alaska Profiles, thus their
experience is morertiited and perhaps less informed when it comes to regional imagery acquisitions
such as a statewide imagery program.

Section 6 addresses continuously operating reference systems (CORS), and their impact on control for
statewide imagery acquisitions. Ascussedn the NDOP Workshop in Anchorage in August, 2008, the
Alaska CORS network has grown and is improvingwalhgblay amajor role in control.Section 7.0
describes models of how to serve and store control data to mapping agencies and vendorgciind S

8.0 provides a thorough compilation of control being acquired by Alaska agencies (see Table 3).

Section 9.0includes the review and assessment of the factors involved in control to produce
orthoimagery, tools for evaluating control with variouatellite imagery sources, existing sources of
control data, and various approaches and methodologies utilized by vendors as well as by local mapping
agencies and companiesAn error budget methodology is introduced which describes how control
factors into the final resolution of the imagery product.

SDMI Control Requirements Analysis-Final 1 September 17, 2008
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2.0 BACKGROUND

The stated goal of the SDMI projectts produce a statewide basemap at24,000scale NMAS
Currently, Alaska basemap needs are met mostly with USGS topographic mapping, and at 1:24,000 only
in a few selected areas, mostly the major urban areas such as Anchorage and Fairbanks. Imagery and
other related basemap data is being acquired in locajgmts at detailed scales for a large variety of

local projects throughout the state, including small communities (e.g. the Alaska Village Profiles
program), corridor projects (e.g. gas pipeline projects), and natural resource projects (e.g. Chugach
Nationd Forest, Pebble Copp&old Mine, etc.) Orthoimagery has been collected using conventional
aerial photography in many areas, e.g. the Alaska Profiles, but increasingly satellite imagery is being
used by a broad user group in Alaska from detail levelmpnehry engineering to regional studieSDMI

has established the goal of acquiring imagery base map data for Alaska with sufficient registration
accuracy to meet the National Map Accuracy Standards (NMAS) at 1:24,000 statewide and at other
scales for dagnated areaso meet the needs of a broad user graugor scale referencd,able 1 below

shows various measures of registration accuraay their map scale equivalencies

TABLE. APPROXIMATE MAP SEAQUIVALENCIES BASE THE US NMAS

MAP SCALE | CE90 CE95 RMSE 1-Sigma
1:50,000 254 m 29.0m 15m 12 m
1:24,000 122 m 13.9 6m 3m
1:12,000 10.2m 11.6 m 5m 2m
1:4,800 41m 4.7 m 2m 2m
1:2,400 2m 2.3m 1m 1m

SDMI Control Requirements Analysis-Final 1 September 17, 2008
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3.0 CONTROIREQUIREMENT® ATELLITORTHOIMAGERY

The current primary sources of potential high resoluticatellite base map imagery include IKONOS,
QuickBird Worldview,and SPOT sensorJable 2below lists, by sensor, the requirements to produce
orthorectified imagery at the listed NMAS accuracies. These requirements include specifications
regarding sensor look angle, DEM quality, and need/quality of ground control points (GCPs). In Table 2,
the row indicating map scale accuracy of 1:24,000 (the SBxgét) is bolded for reference. Standard
products are not offeredat this scale by the vendordhdrefore, the next higher target accuracy scale
(1:12,000) is bludighlighted for the purposes of discussion.

For future consideration, two neviigh-resolution sensors with very high native spatial accuracies
include the recently launched WorldVielvand GeoEyé.

Image orthorectification is the process of creating an image that has the planimetric characteristics of a
map. Production of ortheimagery conventionally involves the use of a DEM to remove distortion due to
terrain effects and sensor look angle, and ground control to tie the imagery to geographic coordinates.
According to most vendors, the Alaska NED DEM has very poor accuracy andosaiseful at the
1:12,000 requirement levél Use of the NED DEM also appears to increase the need for quantity and
quality of ground control points.

3.1 REQUIREMENTS @RTHORECTIHKONOSBVAGERY T?h:12,000SCALENMAS

Information on IKONOS was summarized fromIK@NOS Imagery Products Guade verified through

discussion with Jeff Ferrara, Supervisor of Commercial Order Management at GeoEye. The key point to

note is the following: to achieve orthorectification atL2,000 scaleequires an accurate DEM but does

not require the use of GGP Mr. Ferrara claims thatsing a higkguality DEMproduced from IKONOS
stereo-pairs oranother source€.g., Intermap IFSARvould result in registratio to the desired accuracy
levelwithout the need for GGRP a 2 NE2 OSNE G KS @SyR2NDa 02ad G2 0 aj
second image (from which to produce a steqemir DEM) isignificantlyf S&da (KIFy (KS @SyR2
obtain ground control, in order to meet a standgproduct specification.

Gene Dial of GeoEye observes thateo models blockadjust quite well, so mukimodel stereo projects

can achieve 1:12,000 without GCRHowever, Mr. Dial feels that using ground control is still very
desirable, as control remeg a large source of error from the project so the entire error budget can be
available for residual errors, terrain extraction errors, and all the other little things that go wrong as the
project moves through processin§o while itis possible to hit th desired accuracy without control,
errors can approach th#:12,000specification. The use of G&emoves all doubt about accuracy, and
the results can be much better than 1:12000 (see Table 2).

! Gene Dial, GeoEye; Mark Syren, Aero -Metric.

SDMI Control Requirements Analysis-Final 2 September 17, 2008
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Both Mr. Ferrara and Mr. Dial feel confident that the 108D accuracy standard can be achieved
without the use of ground controlFurther research may be raged for verification For example, the
USDA NRCS in Alaska, as part of their National Resources Inventory (NRI)ha®jactontract with
GeoEye toproduce 1:24,000 NMAS imageryled Cox NRCS NRI manager, notes toEye has
assumedresponsibility for meeting this specification, apparently using negolution DEMs produced
from IKONOS steregairs with no ground control. An accuracy assessmeobuld be conducted of

A 2 4 oA ~

4SSt SOGSR bwL AYIF3ASNE (2 JOSNATe DS29&8S8qQa OflAYao

3.2 REQUIREMENTS @RTHORECTIEUICHBIRDIMAGERY Th:12,000SCALENMAS

Orthorectification of QuickBird imagery to 1:12,000 scale requires both a good quality DEM and the use
of GCPsaccording to theQuickBird Imagery ProducGuide and discussion with Andrew Canales of
Digital Globe. Mr. Canales estimates a requirement of four GCPs per 100 square miles (some points
could be reused in overlapping segments). It is possible thatréguirements for ground control to
produce a 1:24,000 scale prodweith large geographic coverageould be less rigorous.

3.3REQUIREMENTS @RTHORECTISPOT5 IMAGERY Th:12,000SCALENMAS

SPOT Image provides specifications only to 1:50,000 scaleaaies, which are achievable through use

of { t h R€IFD DEMs and GCPs derived from Ref3D -amhgery. No documentatiomas been

provided describing requirements to pragte imagery at higher accuracies; however, given the
improved accuracy specificatie for SPO% imagery, and assuming the use of quality ground control

and a DEM that exceeds Ref3D DEM accuracy standards, it could be possible to achieve NAS 1:24,000
scale map standards utilizing SP®imagery. This statement has been verified throtlyh use of the

satellite orthcaccuracy estimation worksheet produced for SDMIifzybed R&D Specialistyusuf

Siddiqui (M.S. Civil Engineering, ASPRS CMS in Remote Sensing) and reviewed by industry expert Gene
Dial. See Section(Brror Budget and Coginalysisfor more details on how to verify this finding.

3.4 REQUIREMENTS G@RTHORECTIRMAGERY TEIIGHERSCALES OSCCURACY

Table 2 indicates that increased rigor in the quality of the DEMgoartdCPs for all sensproducts
would be required to ackve higher map accuracies, such as 1:4 80le NMASThe Satellite Ortho
Accuracy Estimation Workshe@ppendix 11.pcan be utilized to determine horizontal and vertical
control requirements to meet any mapping accuracy for any sensor product.

SDMI Control Requirements Analysis-Final 3 September 17, 2008
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TABLE 2 SATELLITE IMAGERY PR ODUCTS AND REQUIREME NTS FOR ORTHORECTIFI CATION BY MAP SCALE

ACCURACY IKONOS IKONOS ORTHO QUICKBIRD QB ORTHO SPOH SPOT ORTHO
MAP SCALE CE90 | PRODUCT REQUIREMENT PRODUCT REQUIREMENT PRODUCT REQUIREMENT
"Standard Coarse DEM (nen | "SPOT Scene 1A
1:100,000 Ortho" "2A Standard" ortho) 1B, 2A" N/A (nonortho)
Use of SPOT Ref3D
DEM & GCPs from
Standard DEM; Look Ref3D orthoimagery
1:50,000 254 m "Ref" Look angle €80 deg. "3A- Ortho" angle <26 deg. "SPOTView 3" | (or similar products)
GCPs probably not
required, OR one GCH
per 50 km along Presumably higher
Custom image strip quality DEM and GCP|
Product No Standard No Standard than available from
1:24,000 12.2m Available Product Product Ref3D orthoimagery
DEM from IKONOS
stereo-pairs OR good
quality DEM AND lool GCPs required; Good
angle <25 deg.; GCP{ quality DEMs; Look Presumably higher
possibly not required angle <26 deg. (<16 quality DEM and GCP|
OR one GCP/50 km deg. for highrelief No Standard than available from
1:12,000 10.2m "Pro" along image strip "3D- Ortho" areas) Product Ref3D orthoimagery
DEM from IKONOS
stereo-pairs OR good
quality DEM AND looH
angle <19 deg.; One Good quality GCPs;
GCP per 50 km along High quality DEMs; No Standard
1:4,800 41m "Precision" image #ip "3G- Ortho" Look angle <16 deg. Product
High precision GCPs}
Precise DEMs; Look No Standard
1:2400 2m "Precision+" angle 015 deg. NO PRODUCT N/A Product
4

SDMI Control Requirements Analysis-Final
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4.0 DIGITALBE.EVATIONMMODELS: CONTROIREQUIREMENTS

Following is a briefummary ofDEMSs in the context of control requirementEor more comprehensive
treatment of DEMs with regard to SDMI please refer to the SDMI DEM Whitepaper.

DEMs produced by the USGS asssified into three levels of increasing qualityevel 1 classification is
generally reserved for data derived from scanning National Hdlgtude Photography Program,
National Aerial Photography Program, or equivalent photography. A vertical Root Mean Square Error
(RMSE) of 7 meters is the targeted @wexy standard, and a RMSE of 15 meters is the maximum
permitted. Level 2 classification is for elevation data sets that have been processed or smoothed for
consistency and edited to remove identifiable systematic errors. A RMSE -tiatfraf the originamap
contour interval is the maximum permitted. There are no errors greater than one contour interval in
magnitude. Level 3 classification DEMs are derived from Digital Line Graph (DLG) data by using selected
elements from both hypsography (contours, spelevations) and hydrography (lakes, shorelines,
drainage). If necessary, ridge lines and major transportation features are also included in the derivation.
A RMSE of onthird of the contour interval is the maximum permittedThere are no errors greater

than two-thirds of the contour interval in magnitude. Most data produced within the last decade fall
into the level 2 classificatioriThe availability of level 3 DEMs is very limited.

The Spatial Resolution (otherwise known as Grid Posting) of a [Etgtaltion Model highly depends
upon two different factors: contour interval and the topographic map scale. The contour interval of a
topographic map will vary depending on the lay of the land and the amount of detail that can be
represented at any givenopographic Map scale. This chart shows some typical spatial resolutions from
different Topographic Maps: (Note: Different cell sizes can be used for different scales of Topographic
Maps, however this could result in a loss of accuracy.)

Map Scale Contaur Interval Geographic UTM

1:24,000 30 Feet 1/3 Arc Second 10 Meters
1:50,000 20 Meters 1 Arc Second 30 Meters
1:100,000 40 Meters 2 Arc Second 60 Meters
1:200,000 50 Meters 3 Arc Second 90 Meters
1:250,000 100 Meters 3 Arc Second 90 Meters
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Gontrol points are an important component of the DEM Quality Assurance cheachktrol points range

from spot heights to points along index contourSeveral different elevation values are used to spread
the checked points evenly throughout the entire mapeveral of the control points will be chosen near
the edges and corners of the DEM to account for edge matchihgo RMSE tests and an average
deviation test are performed to ensure the quality of the DEM. All three of the tests outcomes should be
lessthan half the value of the contour interval of that specific mdpEM horizontal resolution and its
ratio to vertical resolution can have a significant bearing on computed land surface parameters that
involve differences in elevationg:or example, slope is computed as the difference in elevation between
two adjacent pixels divided by the distance between them.

Since DEM elevations are generally reported in full meters or feet, the computed slope can only take on
a limited number of disrete values. For a 30 meter DEM with elevations reported in meters, a slope
value between two pixels can be zero (no change in elevation), 0.033 (1 meter change in elevation), or a
multiple thereof. Such increments may be adequate to represent slopeesalumountainous terrain,

but for flat areas, such as the Great Plains of the United States, a 1 meter vertical DEM resolution is
insufficient to provide accurate local slope valueshus, DEMs of low relief landscape and limited
vertical resolution do at lend themselves well to an accurate determination of drainage slopes and
precise location of channels and ridges.

The problems of DEM quality and resolution can generally not be overcome by smoothing or averaging
the DEM. Such approaches simply cougs the problems without increasing the quality of the output.

The easiest solution to overcome the described resolution problems is to custom produce a DEM with a
pre-specified horizontal to vertical resolution ratio, or to use a high resolution DEM pealdoy more
advanced methods.Other solutions include the use of DEM analysis methods that are designed to
overcome problems associated with digital representations of low relief landscapes by DEMs of limited
resolution.

4.1 ALASKATERRAINCHARACTERIEH

Alaska is a state with variable terrain, ranging from near sea level plains to the highest peaks in North
America. In summary, terrain can be summarized as follows (this is based on analysis using the USGS
NED dataset):

1 Alaska area: 585,000 square rsil¢1,530,700 km?)
1 67% of the state is less than 1,500 feet elevation, or 389,930 square miles
I Mean elevation is 1900 feet

1 Slope > 20 degrees is 78,846 square miles
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5.0 METHODOLOGIE®RESTABLISHINGONTROL IMLASKA

In this sectionwe describemethodologiesused tocurrently establish ground contralor mapping in
Alaska, and the costs associated with these methddisny of the firms cited below have had long,
extensive experience either in mapping and/or surveying for mapping in Alaska. Aococomsensus
among them is thatn generalcontrol networks are lacking in the state, thus making control for any
detailed mapping project difficult taevelop. Even in the Anchorage area this has been a challenge as
for example experienced in the 2006 boimagery project.

We have interviewedbublic and private sector mapping organizaticensd firms active in this area
Along with this we have compiled a summaryafious existing control knowledge bases. These cover
the spectrum from orthecontrol of imagery at local scales to control farore regional acquisitions of
satellite imagery, and regional DEMs. Ground control will be needed for statewide mapping and a
strategy is needed for collecting control that will minimize costsht® SDMIlover the couse of the
program. In this section we identify control alternatives that align with imagery and elevation options
identified in Task 2,ral Use Cases defined in the SDMI User Survey.

5.1 CONTROIPROVIDERS INLASKA--COMMENTS ON WHAT WIKRAND DOESNIN
ALASKA

CompassbData Inc.

A major reseller of ground control worldwide is CompassData [Feey have collected control for
various regional imagery collections in Alaska for ASRC, the Census Bureau, NRCS, and others.

CompassDathoth acquires newsCPsvorldwide and actively maintains an archive of phadentifiable
and wable GCPfor re-sale There are290 existing points for Alaskallected by CompassA degraded
form of the archive is downloadablin shapefile formatfrom the company websiteabng with
documentation In summer season 2008 Compass collected point25orillages These typically consist
of 4 points/village (sedlaska_Villages_Summer08.xIs for list of villages)

Hayden Howardhasgenerouslyprovided the following informatio (dated August, 2008).

Archive: Sukmeter accuracy $336 / GCP
70 cm horizontal

1.25 m vertical
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Archive: Decimeter accuracy $420/ GCP
sub-20-cm horizontal
sub-20-cm vertical

New collection $900- $1000 / GCP

Global PositioningServices, Inc. (GPI)

A major surveying firnbased in Anchorage iavolved in obtaining aatrol for remote Alaska imagery,
the best example being the DCCED Profiles project. This has inublweslirvey of 130 villages
statewide. Tymally, GPI collects 12 to 16CPs per villagesing RTK GPS supplemented by on ground
panels In addition, since 2001he standard method has been to colleapproximately four phote
identifiable GCPs per villagafter the photography has been acquirechther than set out panels prior

to flight. This saves on logistics costs, and has proved to be an accurate mdthegrimary contact
interviewedat GPI has been John Guffey.

AeroMetric Inc. (formerly Aeromap)

In-state, AereMetric is the oldest (sice 1960), and largest commercial provider of aerial photography
and LIDAR.

John Ellisstates that most AeréMetric photography since 2000 is controlled by airborne GPS or
GPS/IMU surveys. The survey data are available for orthophoto production or mdppimthe related
photos, but not as independent archivegllis and his colleagues confirm that aside from horizontal
control, vertical control in Alaska is often plagued by lack of good quality D&EisMetric is also a
registered land surveyor, artiblds a large repository afrthorectified image chips and ground control
statewide. Following are AerY SG NA OQad OoW2KYy 9ffAAX tldzZ . NR214&v

1. What control do you use for orthophoto products?

t K232 L5 Qa EmarkedIBontiolytdRgets JAaiufgdhoto ID points depending on scale and accuracy
required, ABGPS, ABGPS/IMU, controlled image chips

2. What are your thoughts regarding photo identifiable control

Like lots of it. Used for QC of gral control and our airborne systems. Depending on scale we will use
building corners, corners of sidewalks, poles, single trees, and other identifiable features. Used and proven
method and ASPRS sanctioned. Photo ID control is the least invasive amdtngost efficient. Need to plan

well in advance to obtain permits for access to establish ground control.
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3. What are your thoughts regarding airborne IMU?

Use it extensively, useless without GP8eed both. Reduces need for ground control points. IMbkes
some flight plans feasible such as over water bodies or ice/snow covered terrain where other control methods
are impractical or impossible.

4. What are the challenges of ad hoc DGPS for airborne operations, especially as it affects logistics mabsts a
accuracy in remote areas?

Could be considered for low resolution projects, but caution is advised.
5. General thoughts on terrain correction?

Quality of the DEM is important for the accuracy of the Orthophoto
6. Is Lidar a suitable vertical data sowedor terrain correction?

Yes, it is a good source for producing Orthophotos. It is preferred especially on large remote, vegetated
projects. Cost in sanitizing data might be an issue depending on accuracy required.

7. What vertical data sources do yotypically use?

Stereo plotters, automated image correlation software such as Match T, and Lidar. USGS quads are not an
acceptable source as they were not produced to comply with NMAS.

8. Do you maintain a current archive of control, and is there a regosy of control that you are willing to
share?

The control we establish in the field for projects is client owned and protected. However, some of the control
will be in the public domain and available through the client, such as the USGS.

9. What are thelessons learned from recent orthorectification of satellite and other imagery projects that you
think would be useful for SDMI?

Orthorectification of satellite imagery is particularly dependent on good qualitykeA 8 G Ay 3 59a Q& | yR
control is impeative. Beware of optic axis offsets when performing{saarpening procedures.

Kodiak Mapping, Inc.

Opemating since 1992, Kodiak Mapping isadher Alaskafirm with a history of aerialphotography,
photogrammetry,and some LIDA&cquisition

WAY 22A30Sft Qa TAN)Y pricoBrantmtricadchnifukssidlgtrafitohal godind survey
control to establish high quality, accurate orthoimage products in urban and remote parts of Alaska
Kodiak Mapping has extensive experience throughoutk@lagith notable projectancludingthe Pebble
orthophotography poject and Northern Rail @ridor aerial photographyproject Mr. Woitel believes

SDMI Control Requirements Analysis-Final 9 September 17, 2008



Alaska Statewide Digital Mapping Initiative i Project Planning

Control Requirements Analysis

that Aerial Triangulation (AT) remaitise most viable ad proven way to establish orthcontrol for
orthophotography. Woitel is known for high quality photogrammetii@sed products throughout the
state. Acknowledging thatMU is an important control technologthat continues to improveMr. Woitel
maintains that obtaining otthe-ground control is essential tproduction of highevel orthaimagery
andDEMs a2 a i 2 7F Y2 Rarthdphotograpghyprgtiiciiod employs theAT method coupled
with surveyed ground control. As with Aemeetric, further discussion is needed with Kodiak Mapping
to investigatetheir control sources for various parts of Alaska.

7 -~

aN¥p 22A0StQa NBalLkRyasSa G2 F adryRINR aSi 27F |dSa

1. What control do you use for orthophoto products?
Control panels, photo IDs and ABGMS8st importantly,Aerotriangulation (AT) to bring it all together.
2. What are your thoughts regarding photo identifiable control?

Photo ID points work well in urban areas where there is a multitude of paint line corners, definite sidewalk corners
and other features that @an be absolutely defined. If points such as these are used, very little degradation of
the RMSE is induced into the AT solution as compared to photo panels. Utility poles are not especially liked by
surveyors. In rural areas or out in the bush, we are simes reduced to using utility poles, single trees, building
corners etc.. but due to the interpolation of these points, errors are inherent to photo ID usage as compared to
photo panels. Sometimes schedules dictate that we must fly a project prior tpgeling the area and we have

no choice but to use photo ID points out in the bush. It usually creates a lot of extra work for the
photogrammetrist and degrades final accuracies.

3. What are your thoughts regarding airborne IMU?

Because the majority of sumapping and orthophoto projects are large scale (1" = 50' to 1" = 100’ plot scale) and
involve two foot contours, we do not buy into the IMU technology. IMU may work well for large orthophoto
projects where vertical accuracy is not as critical as hotéceccuracy. ThABGPS data will usually suffice to

break. IMU controls each stereo model independently and are not tied together as a blleds itnis subjected to

the AT process. | have seen mapping projects controlled with IMU/ABGPS with no ground control and it simply
doesn't work. When ¢juestioned the individuals that mapped the IMU controlled photography how they deal with

the verticald G dzy aKAFTda FNRY adGSNB2 Y2RSt (G2 adadSNB2 Y2RSt:
that photogrammetric mapping and ortho projects are expensive, so why not put ground control in up front and
spend a little more money to assure mappingccaracy instead of relying on questionable IMU
technology/accuracies.

4. What are the challenges of ad hoc DGPS for airborne operations, especially as it affects logistics costs and
accuracy in remote areas?

For large projects in areas that are absolutely not accessible to surveyors or totally cost prohibitive, this could be
considered. In 1993 the estimated error growth of 0.67 meters per 100km from the broadcast site was a generally
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accepted policy regardingGPS. This could be a problem in Alaska and | am not so sure that the stated accuracy is
correct. In my opinion, 3 meters per 100Km may be a more reasonable and accurate value to use.

5. General thoughts on terrain correction?
An orthophoto is only as aarate as the DTM it is rectified to.
6. Is Lidar a suitable vertical data source for terrain correction?

LiDAR is what it is. If it is used properly regarding application (orthos), it is a good vertical data source. When the
capabilities of LIDAR are avstated, it is not good thing. | have heard companies promise 6 centimeter
accuracy!!! It is difficult to get that accuracy wikimematicGPS technology let alone from an aircraft flying along
doing about 100 knots. As with IMU controlled photograplaving vertical issues due to the IMU technology
itself, LIDAR has the same issues regarding vertical accltracgommonly known that LIDAR is expensive. In my
opinion, LIDAR should be able to compete on a cost basis to photogrammetry. | have seenD#sR\projects go
through the DOT at costs that are far beyond what a photogrammetric project would cost and the
photogrammetric project would undoubtedly have higher accuraeied the client would receive planimetric data

as well as an orthophoto

7. What vertical data sources do you typically use?

KMI uses photogrammetric dataa stereo plotters from aerial photography controlled by ground control, ABGPS
and AT.

8. Do you maintain a current archive of control, and is there a repository of control thiati are willing to share

No we don't have an "official" archive. We do have extensive control throughout the state acquired on a project by
project basis. It would be necemy to contact the client on a project by project basis to see if they are witling
share the data.

9. What are the lessons learned from recent orthorectification of satellite and other imagery projects that you
think would be useful for SDMI?

We do not use satellite imagery. The lesson we have learagdrding conventional images@uired with a
camerais that good ground control survey data is essential.

KAPPA Mapping, Inc.

KappaMappingwas subcontracted by Boutet Company to manage the acquisition and production of
orthophotography for the Anchorage areaThis orthoimagery as partly funded by USGS and is
considered part of the USGS Urban Imagery progr&appa presidentClaire Kiedrowskis a certified
photogrammetrist, specializing in various techniques includimgial triangulation fororthophoto
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production. Kappa ahCrazy Mountains Joint Ventur€MJV) jointly produced th2006 Anchorage

area orthophotography, utilizing image chips and RTK GPS.GTRs Kappa/CMV team took an
innovative, progressive approach to controlling orthoimagery in the Anchorage area. Wilddck of

a consistent survey control network and vertical control, they undertook to develop a suitable network

to produce the Anchorage orthoimagery using a combination of their own RTHaSE& survey data,

LiDAR data, and USGS DBEMsther invesl I G A2y 2 F Y| Llditabdses\Weeded as@hsy ( NP f
could be a valuable source of local conirothis large area spanning about 450 square miles

aa® YNBAR2galAQa NBalLkRyaSa (2 GKS adlyRIdGR aSid 27
1. What control do you use for orthophoto products?

We use argets, natural pick points, scaled control from USGS quadster data), AGPS,
AGPS/IMU, dependingn what accuracy level is required and wkatirceds available.

2. What are yourthoughts regarding photedentifiable control?

It depends on the project requirements. For angineeringscaleproject €.g..1"=50"map scale
with 1 foot contour3, | am reluctant to use all natur&atures asground controlpoints, but
sometimes we hay no choicg Regarding use of road centerlines, these are ok to use, but not
ideal. Any other sources of control must be phalentifiable.

3. What are your thoughts regarding airborne IMU?

It's useful in images that have lots of tree covethgdrologic cover, i.e.areas that are difficult
to measure pass and tie points (because of thek laf identifiable features). IMU idsa useful
for when usingsoftware packages that arableto automatically select pasmdtie points.

4. What are the challeges of ad hoc DGPS for airborne operations, especially affécts logistics
costs and accuracy in remote areas.?

A aurveyor will need to address this question.
5. What are your gneral thoughts on terrain correction?

Orthophoto accuracy is dependemn the following: imagery and scan resolutionem-
triangulation (which idased on ground control, pass atid points, and the ability to measure
those features in stereo), and the Digital Terrain MO@@TM) The better the DTM/DEMhe
better the resultingorthophoto.

6. Is LIDAR a suitable vertical data source for terrain correction?

Absolutely, but require use othe end product, .e., with all of the corrections applied, perhaps
fitering applied etc. Metadata would be helpful too.
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7. What vertical data sources do you typically use?
LDARaNdUSGS DEMs (various postings)

8. Do you maintain a current archive of control, and is there a repository of control  that
you are willing to share?

Yes, we havarchivedinformation for all caitrol points.

9. What are the lessons learned from recent orthorectification of satellite and other
imagery projects that you think would be useful for SDMI?

Merging the various DEM datasets was challenglbhgvould havebeen useful to fly at dower
altitude for the Municipality area, andt higher altitudes for the more rural mountainous areas.
Also, it was challenging trthorectify imageswith groundelevatiors that range from seaelvel
to mountainous terrain.

Crazy Mountains JoirVenture (CMJV)

CMJV is a leading survey fiand leading provider of GPS technolagyAlaska CMIVwas a leader in

the effort to establishéBowl 2000 a GP$ased standard for the Anchoradgmwl! area. CMJValso
partnered with Kappa Mappig in the collection of the2006 Aichorage areaorthoimagery. This
orthoimagery was partly funded by USGS and is considered part of the USGS Urban Imagery program.
CMV was not interviewed for this report.

McClintock Land Surveying

An Alaskasurvey firmthat provides control for aerial photography and LiDARMcClintock Land
Surveying. Bill McClintock provides ground control and other related sertacesgineering and
photogrammetry firms statewideThey were not interviewed.

Bob Kean Associates

This firmhas a long Alaska history, apdovides survey control for various aerial photography projects
throughout the state Keanworked closely with Aeronetric and other mapping firm$or many years.
They were not interviewed.

F. Robert Bell and Associates
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Thisfirm has providedsurvey control for various aerial photography projects throughout the stEey
were not interviewed.

5.2 PANEL SEDUTY IMAGE IDENTIFIABLEIRDS

To control orthoimagery photolD image chips are often used (see for example the DCCED Profiles
project listed in Table 2 below). In the case of the Profiles project, Global Positioning Services uses the
image chips, and then follows up with a minimumfadfir GCPs per community project. The GCPs are
surveyed with RTK GPS (sometimes mapping grade GPS).

In general photographs can be controlled using three different methods:
1 Ground control points that were surveyed on the ground using ordinary surveythgitgies.

9 Bridging control through aerial triangulation. Bridging is accomplished by measuring on the
photographs common points that appear in three consecutive photographs or in two adjacent
strips and computing their 3 D coordinate values.

1 Aerial photgraphy control through kinematic GPS technique in which the position and the
attitude of the camera are computed without ground control.

In most photogrammetric projects, a combination of all or some of these methods are utilized.

Identifiable points ontie ground (ground control points) are used to determine distances and geometric
properties of the image, including camera height above the ground, degree of tilt at the time the photo
was taken, and distance between photo centers, and to correct for dist on the image. There are

two types of distortion that commonly occur on aerial photographs: relief displacement and
stereoscopic parallaxRelief displacement causes tall objects to egopto lean away from the center of

the image, and parallax is the apparent shift of an object with respect to a point of reference (this can be
seen in successive photographs, where there is a variation in ground elevation). In order to correct (or
rectify) these distortions, overlapping photos and ground control points are integrated to produce a
stereo model of the terrain, which forms the basis of photogrammetric mapping and orthophotography.
Ground control, or accurate geodetic data, is essential Hgghtogrammetric operations.

In conjunction with low and middle altitude aeriphotography as applied to either single vertical
exposures or stereo photogrammetric grol mapping, pranarking of the ground to facilitate the
photo mission and the interpretation of the photos subsequently is a commonly accepted practice.The
ground control marks which are provided in the ground marking serve to assist the pilot in a more
precise identification of the positions of control points on the ground, as viewed from the air, as well as
assisting in recognizing these same points in the photograph for subsequent analysis. Ground pre
marking has been a long accepted practice in grousidtpdentification.
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Aerial panels used today for ground marking typically are shaped in across, a "VEE", a "TEE", or a "WYE".
By far the most widely used configuration is a symmetrical cross, which in most cases is the easiest to
distinguish amidst the arious shapes and hues of the typical, vertical bime#twhite ground
photography. In Alaska panels are used still particularly for projects requiring 1 foot pixel resolution and
engineering grade orthophotography (HElli&ero-metric, Woitet Kodiak). Thesizes of the ground
marking panels are dependent upon flight altitude, which in turn depends on the mapping scale.
Photogrammetrists differ in their preferences for the sizes of targets. The effective size of the ground
marking panel also is largely dapent on anticipated shading conditions on the ground, namely
contrast, being the most important element in visual point acquisition. Clearly, the sizes are
proportional to the altitude in most cases.

At altitudes of less than 1,000 feet above groundelefAGL), panel sizes("section” or adength vs.

width) may be as small as 12"x3",particularly when the panel is painted. Usually, white is used for black
asphalt surfaces, or when a cross is applied to black cloth or felt paper.At the highest mappidgsal

panel sections may reach 20'x2',or larger. At ditigh altitudes, such as those used for aerial mosaic
work, premarking is not possible. Control point identification in such high altitude situations normally is
accomplished by identifying adojts which clearly appear in the photography after the photo mission,
such as street intersections, a building, or the corner of a cultivated field. This latter process, effected
by identifying objects on the photo to provide marking points, is knowrphstt identification"; and it

also frequently is applied to high and middle altitude projects where the precision requirements have
been somewhat relaxed.

Ground control can be classified as targeted and phdémtifiable (picked) control points, and caiso

be classified as horizontal control, vertical only control, or 43 Gontrol. Horizontal and vertical
controls require different configurations to make them serve their intended purposes. The use of only
ground control is now limited to small projis¢ such as bridge sites, borrow areas and where only one
or two models are needed. Photo identifiable control points are rarely needed. The surveyor needs to
know what type of control is called for when he or she attempts to pick or plaeotify the mint.
Accessibility for surveying is also a major consideration in Alaska.

5.2.1 TARGETIN®ICKPOINTS; ALASKAEXAMPLES

Targeting operations are an essential part of photogrammetric mapping to be considered prior to
establishing a control survey. Prefligiairgeting is performed to make ground locations of control
points visible on the photographs. Easy identification and clear image of the control points on the
photograph increases the accuracy and efficiency of the photogrammetric process. Generahgsiidel
for targeting are (Kappa Mapping): Symmetrical sh#mkequate sizeContrast andVisibility.

Schedule is key to the operation, and vendors surveyed follow these guidelines:
T Target, then fly

T Survey before or after flight
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Other targeting guidelines adisted inthe Appendices.
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Kappa Mapping used Google Earth and GCPs to camtpah orthoimagery for the Muncipality of
Anchorage.
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