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Executive Summary

Dewberry
Contract: Recommendation:
Alaska Statewide . .
- ) Production Date Delivery #: .
Inilﬁlagtli:/aeI m%%ll?ngQA Contractor: Prepared: Cell 1, re::o';nmelndsatior[l)aeil "
Intermap 05/18/2011 Delivery 2 .
Contract data for cell 1 is

accepted.

Data History:
Pilot Cell 11, Delivery 1

Pilot Cell 11, Delivery 2
Cell 1, Delivery 1
Cell 1, Delivery 2

O 0 O O

The following IFSAR qual ity assurance report d olESARedatda and De wb
associated products for cell 1 of the Alaska Statewide Digital Mapping Initiative (SDMI). The cell 1 area

consists ofal°x1°c el | or approximately 5,357 square kil ome
and 4 NGA.Eah &5 6 i U#BesBntains a Digital Terrain Model (DTM) and Digital Surface

Model (DSM) with 5 meter post spacing, an Ortho-rectified Radar Image (ORI) with 0.625 pixel size, a

hydrology layer, void areas, void fill sources, a slope mask, associated metadata, and Quality Report.

Each 306 tile f or -intkllgenteadgency (N&A) coBlains a e-sampledIDTM with .4

X .8 arc/second post spacing, associated metadata files, and Quality Report.
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guantitative/qualitative review. This multipart analysis determines the degree to which the data met
expectations for completeness, relative accuracy, and conformity to specific project requirements for
each data product. Examples of the data are documented in the report.

As this is the second delivery of cell 1, only areas modified from the first delivery were reviewed.
Surveyed checkpoints were used to independently assess the vertical accuracy of the DTM data
from the first delivery and these statistics were not calculated from the second delivery as there
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were only minor changes to the surface and these changes did not occur near checkpoint
locations. The DTM data passed vertical accuracy in the first delivery. Both the DSM and DTM
data conform to project specifications and are acceptable. The DSM and DTM data is discussed
in section 3.

The ORI data were reviewed for completeness as well as used to verify that the hydrologic layer
for each tile meets project specifications. Surveyed checkpoints were used to independently
assess the horizontal accuracy of the ORI data in the first delivery. The ORIs for Cell 1 passed
horizontal accuracy in the first delivery. Intermap also provided supplemental ORIs for some tiles
where data was collected from multiple look angles. The supplemental ORIs are not necessarily
full tiles. The ORI data conform to project specifications and are discussed in section 4.

Shapefiles were delivered for hydrology, void areas, void fill sources, and slopes. Hydrology was
collected to project specifications and used to enforce both the DSMs and DTMs. A few areas
where hydrologic features could be added or extended to maintain consistency with existing
hydrologic features collected for cell 1 were identified in the first delivery and generally added for
consistency in the second delivery. The void areas and void fill sources were used during the
completeness review for the DTMs, DSMs, and ORIs. Acquiring data from multiple look angles
reduced the number of voids within the cell 1 ares
majority of voids within cell 1 have been filled using data from the National Elevation Dataset
(NED). The slope layer categorizes the entire cell into the following: 0°-10°, 10°-20°, 20°-30°, and
>30°. This layer was used during the general QC as well as during the vertical accuracy testing to
ensure only surveyed checkpoints located in the 0°-10° category were used for the final statistics
and calculations. All shapefiles conformed to project specifications and are discussed in section
5.

The 1586 USGS sBhmpbkeaveirat oe306 NGA tiles with .4 >
DTMs follow HRTe3 data guidelines and specifications. The HRTe3 NGA data is discussed in
section 6.

Met adata was del i vered for e a c IDTVDIrS XML, HONILMand DR | , an
format. There were no MetaParser errors and all metadata files meet project specifications. A
Certified I SO 9001 quality report is delivered fo
including a swath locator diagram, USGS 1506 tile grid, and NGA 306

data. Metadata is discussed in section 7.

1.1 Deliverables Summary f or alemaGekX mapds Al aska S

APPLICABLE ACCEPTANCE
DELIVERABLE CRITERIA (SEE APPENDIX A OF DEWBERRY RECOMMENDATION
THE QUALITY PLAN)

W Accept

1,2,3,4,5,6,7,8,12,13, | [~ Accept with Comments
DSM/DTM USGS 1 5TiLES 17,18, 19, 21, 22, 23, 24, 25, _
AND 26 [ Return for Corrections

[ Reject
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ORIs

2,5,6,8,11, 17, 25, AND 26

v Accept
[ Accept with Comments
[ Return for Corrections
[ Reject

RE-SAMPLED NGA 3 OTiLES

45 55 65 71 8, 14, 17, 23, 25,
AND 26

W Accept
[ Accept with Comments
| Return for Corrections

[ Reject

QUALITY MASKS

5,6, 8, 15,17, 25 AND 26

W Accept
[ Accept with Comments
| Return for Corrections

[ Reject

METADATA

17 AND 20

v Accept
[ Accept with Comments
[ Return for Corrections
[ Reject

CERTIFIED ISO 9001 QUALITY
REPORT

16 AND 17

v Accept
[ Accept with Comments
| Return for Corrections

[ Reject

ANCILLARY DATA

5, 6, 8, AND 27

v Accept
[ Accept with Comments
| Return for Corrections

[ Reject

The applicable

acceptance

Cr i t iathe Adaska Quality Plan prepared by Dewberry.

i teri a

r ef eA-Acdemiance he n
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DAVID F. MAUNE

P CERTIFIED
M 4 97/({‘%_. (ASPRS) No. R942

Exp. 11/09/2014

Approved by: ate: _5/18/2011

2 Overview
The goal of the USGS Alaska DEM Task Order is to evaluate mid-accuracy elevation datasets and
associated deliverables created from IFSAR technology. Intermap has acquired IFSAR data for

14 1° x 1° cells, or approximately 78,500 square kilometers in Alaska. Per each cell, Intermap will
deliver 16 USGS 1506 tiles that include a DSM, DT M,
void fill sources, metadata, and Quality Report. The USGS DTM datasets are created with 5
meter post spacing and will be re-sampled i nt o f our 306 datasets
arc/ second spacing for t he NGA. These 306 t
consists of one 1° x 1° cell, cell 1, or approximately 5,357 square kilometers.

-5
— @

o =
(9]

Dewberryods r ol eQualitg Assumncep (QA)vof the IFSAR data and supplemental
deliverables provided by Intermap that includes completeness checks, vertical and horizontal
accuracy testing, and a qualitative review of the bare earth surfaces. Each product is reviewed
independently and against the other products to verify the degree to which the data meets
expectations.

3 DSM and DTM Analysis for the USGS 156 Til es
The IFSAR DSM and DTM data are reviewed on project and tile levels to determine the accuracy of the

data and conformity to project requirements. The DTM surface is compared with surveyed checkpoints

to determine vertical accuracy. The elevation dataset properties are analyzed to determine formatting

and completeness. The quality of the elevation datasets is assessed with visual micro and macro
checks.

3.1 DTM Quantitative Review

One of the first steps in assessing the quality of the IFSAR is a vertical analysis of the bare earth

DTMs in comparison with surveyed checkpoints. An independent survey was conducted by JOA

Surveys, LLC. JOA Surveys acquired 119 total checkpoints with 55 checkpoints located within

I ntermapés fourteen 1A x 1A cells. Four checkpo
checkpoints was located on terrain with a slope of 0°-10° and was used to calculate the vertical

accuracy statistics.
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Checkpoints Located in Cell 1
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Figure 2-Checkpoints displayed by slope

The vertical accuracy assessment compares the measured survey checkpoint elevations with the
elevations of the bare-earth raster, or DTM. The X/Y locations of the survey checkpoints are overlaid
on the DTM and the elevation of the pixel at the checkpoint X/Y location is extracted and recorded.
These extracted Z values are then compared with the survey checkpoint Z values and this difference
represents the amount of error between the measurements. Once all the Z values are recorded, the
Root Mean Square Error (RMSE) is calculated. The RMSE equals the square root of the average of
the set of squared differences between the dataset coordinate values and the coordinate values from
the survey checkpoints. The data for this project must meet 20 foot contour accuracy or the National
Standard for Spatial Data Accuracy (NSSDA) equivalent using Accuracy, at the 95% confidence level,
which is 3.63 meters. Accuracy,is equal to RMSEz x 1.9600.

Table 1 lists each survey checkpoint located in cell 1 along with its coordinates, surveyed elevation,
IFSAR elevation, slope category, and difference between the two elevations (DeltaZ). Table 2 lists the
RMSE and ACCURACYz specifications for each slope category. From its initial technical proposal,
Intermap indicated that it would make a best effort to meet specifications in areas of slope greater than
10 degrees, but can only commit to reach vertical accuracy specifications for un-obstructed areas with
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slopes less than 10 degrees where standard GCP layout can be established. For this reason Dewberry
computed accurate statistics separately for the mandatory slope category of 0 to 10 degrees. Table 3
outlines the calculated RMSEz and associated statistics for checkpoints located within the 0°-10° slope
category while Table 4 outlines the vertical accuracy for these checkpoints. These checkpoints pass
vertical accuracy testing. Three checkpoints were surveyed in steep slopes.

Point_ID X Y Z_Survey | Z IFSAR Slope DeltaZz | AbsDeltaZ

3m (0-10

1003 402490.35 | 1588753.41 | 355.00 355.24 deg) 0.24 0.24
6m (10-20

1001 408806.52 | 1589707.78 | 369.50 371.37 deg) 1.87 1.87
6m (10-20

1002 408795.39 | 1589710.94 | 369.00 370.38 deg) 1.38 1.38
9m (20-30

1004 393891.68 | 1602202.25 | 323.20 324.94 deg) 1.74 1.74

Table 1-Survey checkpoints located within cell 1.

Slope Category RMSE Specifications (m) ACCURACYz Specifications (m)
0-10 1.85 3.63
10-20 3.71 7.27
20-30 5.56 10.90
>30 7.41 14,52

Table 2-RMSE and Accuracy specifications by slope. Only data located in 0-10 degree sloped terrain are
required to meet accuracy specifications.

RMSE
100 % of (m)

Mean (m) | Median (m) Skew =i # of Points Min (m) Max (m)

Totals Spec= Dev

1.85m
Slope 0-10 0.24 0.24 0.24 N/A N/A 1 0.24 0.24

Table 3-The table shows the calculated RMSEz value for the checkpoints required to meet vertical accuracy
requirement.

ACCURACYz
Slope # of (RMSEz x

Category Points 1.9600)
Spec=3.63m

Slope 0-10 1 0.47

Table 4-The table shows the calculated vertical accuracy for the checkpoints required to meet vertical accuracy
requirements.

Tables 5 and 6 outline the calculated RMSEz and vertical accuracy for all checkpoints located
within cell 1, including all slope categories.
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100%o0f  RMSE : : :

Totals (m) Mean (m) | Median (m) Skew # of Points Min (m) Max (m)
Slope 0-10 0.24 0.24 0.24 N/A N/A 1 0.24 0.24
Slope 10-20 1.64 1.63 1.63 N/A 0.34 2 1.38 1.87
Slope 20-30 1.74 1.74 1.74 N/A N/A 1 1.74 1.74

Table 5-The table shows the calculated RMSEz values for all checkpoints located within cell 1, including
checkpoints located in slope categories other than 0°-10°

Slope # of ACCURACYz
Category Points (RMSEz x
1.9600)
Slope 0-10 1 0.47
Slope 10-20 2 3.22
Slope 20-30 1 3.41

Table 6-The table shows the calculated vertical accuracies for all checkpoints located within the cell 1, including
checkpoints located in slope categories other than 0°-10°

3.2 DSM/DTM Overview

Dewberry received 16 DTM USGS 156 tiles and 16 DS
datasets were checked to ensure correct file type, tile size, cell size, pixel type, and assigned

NoData values. All properties were correct and are as follows:

File type: 32 bit GeoTIFF

Tile size: 156, extents match USGS tile grid
Cell/Pixel size: 5 meters

Pixel type: Floating point

NoData Value: -32767

O O 0 OO

All 32 raster elevation datasets were checked to ensure they have the correct spatial reference
information and is as follows:

¢ Horizontal Datum: NAD83 CORS96 Epic 2003.00
¢ Projection: Alaska Albers
¢ Horizontal Units: Meters

While raster datasets do not generally store vertical spatial reference information, the vertical units

were verified as meters during the quantitative vertical accuracy testing. All raster elevation datasets

were verified to be named correctly with a deliverable product identifier (DSM/DTM) preceding the
hemisphere, degree, mi nut e referencing the southwest corner o
name for files with voids.

3.3 DSM/DTM Qualitative Review
The goal of Dewberryés qualitative review is to as:¢
bare earth product. Each IFSAR tile is expected to meet the following acceptance criteria:

10
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¢ The DTM represents the bare-earth surface and is mostly void of vegetation, buildings, and
other elevated features;

¢ Both DSMs and DTMs show a consistent surface with no gross anomalies that affect the
usability of the surfaces due to interruptions in elevation values or continuity.

¢ No obvious anomalies due to sensor malfunction or systematic processing artifacts are
present (data voids, spikes, divots, ridges between flight lines or tiles, etc);

¢ The surfaces are hydro-flattened appropriately according to project specifications.

Dewberry analysts performed a visual inspection of 100% of the DTM data at a micro scale and 100%
of the DSM data at a macro scale. A closer viewing scale was used with the DTMs to ensure all issues
that might impact future modeling or analyses using the bare-earth surfaces were identified. DSMs
were viewed at a smaller scale to ensure complete coverage, that there were no corrupt tiles, and that
gross anomalies were not present. The DSMs were also used as supplemental data during the
qualitative review of the DTMs, ORIs, and quality masks. Both the DSMs and DTMs were reviewed
with the use of hillshades in ArcGIS. Hillshades apply shaded relief to raster datasets that enables the
analyst to view the elevation datasets as if they were 3D. Global Mapper was used as a supplemental
tool to view some elevation datasets to verify noted issues or concerns were not a product of the
software but of the data.

3.3.1 Data Voids

Two conditions that usually occur with IFSAR data is layover and shadow. Layover occurs when the

terrain angle is greater than a line perpendicular to the look angle and causes radar signals from the

top of the feature to reach the antennae before signals from the bottom of the feature. This causes the
feature to fAlay overdo toward the | FSAR sensor and
Shadow occurs when the radar signal cannot reach a portion of terrain because it is obscured by other

parts of the terrain (such as the side of a mountain facing away from the IFSAR sensor). Both
conditions can prohibit the mapping of elevation data in those areas and result in voids. In an effort to

reduce voids, Intermap acquired multiple look angles in areas of steep terrain by flying additional flight

l ines or swaths. The amount of void areas is withi
5% void area limit. The total void area for cell 1 is less than 1%. The majority of voids located within

cell 1 used the NED as the fill source. The interpolation used to fill some void areas cause a loss of

definition in the surface. This is expected and generally occurs in areas of very steep terrain, in the

>30° slope category. An example is shown below.

11
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>

Figure 3-Tile DTM_n6430w14545P. Loss of surface definition can be seen in areas of steep terrain where
interpolation methods were used to fill void areas. This is expected with IFSAR data.

Figure 4-Tile DTM_n6430w14545P. Void areas are identified with a void mask (in blue). Void areas account for
less than 1% of the data delivered for cell 1.

3.3.2 Artifacts

Several linear artifacts were identified during the qualitative review of the DTMs. These artifacts were
identified throughout the cell 1 area in all categories of slope with two different software- ArcGIS and
Global Mapper. The artifacts are in both the DSMs and DTMs but are more identifiable in the DTMs. It
was confirmed by Dewberry (as well as USGS for pilot cell 11) that these artifacts do not affect the
elevation of the surface models and seem to be a visual occurrence and not actually in the elevation

12
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data itself. Most of these visual artifacts do not occur along the edges of flight lines or swaths but could
be a result of some processing method. Since these visual occurrences do not impact the usability of
the elevation datasets, no modifications are necessary. An example of the phenomenon is shown in
the examples below.

Figure 5-Tile DTM_n6430wl14515P. Linear dAartifactso were identi
artifacts are not true artifacts in that they have no corresponding impact on the elevation datasets but only seem
to affect the visual appearance of the elevation datasets.

Profile Graph Title £ |

Profile Graph Title

565 -
560 T

£S5 T

550 N

545 N

540 T

B35 \

T T
1 20 40 B0 a0 100
FProflie Graph Subtitle

Figure 6-Tile DTM_n6430w14515P. A profile perpendicularly bisects the linear visual artifact shown in Figure 5.
The profile graph shows that the linear artifact is purely visual and has no impact on the elevation, consistency, or
continuity of the surface.

13
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3.3.3 Hydro-Flattening

All features collected as part of the hydrologic mask have been flattened in both the DSMs and DTMs.
All flattened hydrographic features are at an elevation that is either just at or below the surrounding
terrain. There are no floating hydrographic features. An example is shown below.

Figure 7-Tile DTM_n6400w14545P. All features delivered as part of the hydrologic mask have been flattened in
both the DSMs and DTMs.

Profile Graph Title

Profile Graph Title

E|
Profile Graph Title

E

Profile Graph Title

306.5

306

306.8

3035

306.6

303

306.4

3062

306

304.5

T T
u] 10
Prafile Graph Subtitle

30384 :
0 10
Frofiie Fraph Subiitle

Figure 8-Profiles taken from two hydro features shown in Figure 7. The lakes are shown on the right side of each
profile with the adjacent terrain shown on the left side. All hydrographic features are either at or below the
surrounding surfaces; no hydrographic features are floating.

3.4 DSM/DTM Recommendation
Dewberry recommends that the 1 5 6

USGS DSM and DTM

dat a

del i ver e

accepted. While voids are present in the data that required interpolation, these void areas were

expected and are within project specifiedt ol er ances.

Linear

fart.

factso

DSMs and DTMs but have no corresponding affect on the elevation of the surfaces. The hydrologic
mask has been used to flatten hydrologic features in both the DTMs and DSMs.

14
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4 ORI Analysis

The ORIs are verified for complete coverage and are used as reference information when reviewing the
DSM/DTM data and quality masks. ORIs are used extensively to check for the completeness of the
hydrology mask. ORIs are also used for horizontal accuracy testing of the dataset.

4.1 ORI Overview

Dewberry received 16 full, c o mp INe additioaRdugplemeatal t h e
ORIs were delivered for cell 1. The supplemental ORIs are usually partial tiles and are created

from the additional flights with different look angles that were used to minimize the void areas

caused by shadow and layover. All 16 ORIs were checked to ensure correct file type, cell size,

and pixel type. The 16 complete ORIs were verified for the correct tile size or extents. All
properties were correct and are as follows:

¢ File type: 8 bit GeoTIFF

¢ Tile size: 156, extents match USGS tile grid
¢ Cell/Pixel size: 0.625 meters

¢ Pixel type: Integer

All 16 ORIs were checked to ensure they have the correct spatial reference information and is as
follows:

¢ Horizontal Datum: NAD83 CORS96 Epic 2003.00
¢ Projection: Alaska Albers
C Horizontal Units: Meters

Intermap assigns both voids within project boundaries and water a value of 1. All ORIs were verified to
be named correctly with a deliverable product identifier (ORI) preceding the hemisphere, degree,
mi nute referencing the southwest corner of each ti
voi ds. Suppl emental ORIs are immetified with A_sup

4.2 ORI Quantitative Review

Of the 119 total checkpoints surveyed by JOA Surveys, 41 checkpoints are located at steel towers or
buildings near steel fboweesnwilAki aAl oeetmapost is |
photo-identify these towers on the ORI images, extract the X/Y location, and compare the ORI X/Y

location of the towers to the surveyed X/Y location to produce horizontal accuracy results. Four tower
checkpoints were located within cell 1. There were no buildings near steel towers checkpoints within

cell 1. The RMSE equals the square root of the average of the set of squared differences between the
coordinate values measured by Dewberry and the coordinate values from the survey checkpoints. The

data for this project must meet the National Standard for Spatial Data Accuracy (NSSDA) equivalent

using Accuracy,, which is 13.9 meters. Accuracy,is equal to RMSEr x 1.7308.

Table 7 outlines the calculated RMSEyx and associated statistics for checkpoints located within cell 1.
Only checkpoints located at steel towers or at buildings near steel towers were used to test horizontal
accuracy requirements because the surveyed checkpoints must be located at features that will be
photo-identifiable in the ORIs. These checkpoints for cell 1 pass horizontal accuracy testing.

15
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QA/QC Survey Checkpoints ORI Coordinates ORI minus Discrepancies

Surveyed by JOA Measured by Dewberry surveyed coordinates Squared as

Alaska Albers Alaska Albers Alaska Albers required for
NAD 83 NAD 83 NAD 83 RMSE calculations
Point Northing (y)] Easting (x) Northing (y) Easting (x) o y(Northing) o x(Easting) R 5
Number Meters Meters Meters Meters Meters Meters il || e
1004 1588753.41 402490.35 1588754.45 402491.58 1.034 1.222 1.0692 1.4933
1001 1589707.78 408806.52 1589707.93 408804.55 0.147 -1.969 0.0216 3.8758
1004 1589710.94 408795.39 1589710.67 408793.49 -0.270 -1.901 0.0729 3.6123
1004 1602202.25 393891.68 1602201.00 393891.87 -1.256 0.198 1.5775 0.0392
Sums| 2.7412 9.0206
All coordinates in meters Horizontal Accuracy Acceptance Criteria MSE| 0.6853 2.2551

RMSEx and RMSEyYy must be D BMSEyS (2n) | nDeBR78 r |s 1.5017
RMSEr must be O 8.035 mel er RMSEr (m)|per NSSD| 1.7148

T ccuracy: musi be O 13. 9| Aweuracve(m|per NSSD| 29679

Table 7-The table shows the calculated horizontal accuracies for all checkpoints located at steel towers within cell
1. There were no checkpoints located at buildings near towers within cell 1.

4.3 ORI Recommendation
|t i s Dewberryods recommendation that the ORIs for
specifications.

5 Quality Masks Analysis

Dewberry reviewed the quality masks delivered for the cell 1 area. Quality masks identifying hydrology,

void areas, void fill sources, and sl ope categories
masks were reviewed by themselves and in conjunction with other deliverables, such as DTMs or ORIs,

to fully assess all aspects of the data.

5.1 Quality Mask Overview

Dewberry verified complete quality masks, including hydrology, void areas, void fill sources, and slope
categori es, wer e del i The gualdy masksr were gecified td Bedin theicorrect
shapefile format and to have the correct spatial projection information, shown below:

¢ Horizontal Datum: NAD83 CORS96 Epic 2003.00
¢ Projection: Alaska Albers
¢ Horizontal Units: Meters

All quality masks were verified to be named correctly with a deliverable product identifier
(fill_source/hydro/void/slope) preceding the hemisphere, degree, minute referencing the southwest
corner ofeachtleand AP0 at the end of the tile name for fil

5.2 Quality Mask Qualitative Review

Each quality mask was viewed in an ESRI environment with other cell 1 deliverables to check relative
accuracies of deliverables in comparison with each other. Quality masks were also used as
supplemental information during the review of the DSM and DTM surfaces.

The slope quality mask was used to identify each surveyed checkpoint as being located within one of
the project specified slope categories: 0°-10°, 10°-20°, 20°-30°, and >30°. JOA Surveys also provided
images of each surveyed checkpoint. These images were reviewed to ensure no gross differences
exi sted between survey photos and I ntermapds sl ope
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accuracy testing as only terrain located within the 0°-10° is required to meet vertical accuracy
specifications.

The void and void fill source masks were used during the DSM and DTM review to ensure areas
lacking definition or shape were due to void areas filled by interpolation. An example of this was
provided in Figure 4. As stated in section 3.3.1, the percentage of void areas in cell 1 was within
project specifications with voids accounting for less than 1% of cell 1.

Hydrologic features meeting project requirements must be included in the hydrologic quality mask and
these features must be flattened in the DTM. The hydro mask was reviewed against the ORIs to check
for completeness of capture. During the review of the first cell 1 delivery, 2 features were identified
where either extending existing hydrographic features or collecting missing hydrographic features
would improve the consistency of data. Both of these features were not actually required according to
the project specifications. However, Intermap had collected hydrographic features to their NextMap
USA standards, resulting in the collection of much smaller features than required by project standards.
Intermap has collected one of the identified features for consistency and identified the other feature as
probable radar shadow and not a hydrologic featuare to be collected. Examples from the first and
second deliveries of cell 1 are shown below in Figures 9 through 11.

Figure 9-Tile n6400w14515, Delivery 1. Hydrologic mask is shown in blue with the ORI image. This feature
exceeds project requirements, but the collection is inconsistent and abruptly stops after the cell 1 boundary,
shown in purple, instead of continuing on to
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