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GOALS OF SDMIGOALS OF SDMI

•• CREATE A BASE MAP OF ALASKA: Acquire imagery and digital elevatiCREATE A BASE MAP OF ALASKA: Acquire imagery and digital elevation on 

data necessary to meet specifications, generate orthodata necessary to meet specifications, generate ortho--imagery and DEMs, and imagery and DEMs, and 

assess accuracy of final products.assess accuracy of final products.

•• CREATE THE ARCHIVE: Develop the project infrastructure to warehoCREATE THE ARCHIVE: Develop the project infrastructure to warehouse, use, 

archive and make products available to the public. archive and make products available to the public. 

•• LIFECYCLE MANAGEMENT OF THE BASE MAP DATA: Provide ongoing LIFECYCLE MANAGEMENT OF THE BASE MAP DATA: Provide ongoing 

management of the base map data. management of the base map data. 



DEM COMPONENTDEM COMPONENT

•• Separate workshop and whitepaperSeparate workshop and whitepaper

•• www.alaskamapped.orgwww.alaskamapped.org

•• DTEDDTED--2 for 1:24k NMAS image map2 for 1:24k NMAS image map

•• Project based lidarProject based lidar

•• IFSAR for Aviation Safety, detailed hydrology, costal erosion etIFSAR for Aviation Safety, detailed hydrology, costal erosion etc.c.

•• Dave Maune from Dewberry is under contract to build state and feDave Maune from Dewberry is under contract to build state and federal deral 

consensus and get fundingconsensus and get funding
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Variable Variable ResolutionResolution NeedsNeeds
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Beware of Overkill
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% of respondents requiring color, MS, or CIR imagery is % of respondents requiring color, MS, or CIR imagery is 77%77%
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Refresh of Imagery every Refresh of Imagery every 

70% want minimum 5 year refresh of imagery basemap70% want minimum 5 year refresh of imagery basemap

46% favor 3 year refresh or better 46% favor 3 year refresh or better 
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MAPPING ALASKAMAPPING ALASKA

IMAGE COURTESY OF AEROMETRICIMAGE COURTESY OF AEROMETRIC



Collection Capacity & Collection Capacity & 

Spectral Continuity Vary w/ SensorSpectral Continuity Vary w/ Sensor
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Some ExamplesSome Examples
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MAPPING SCALESMAPPING SCALES
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2 MEANINGS OF MAPPING SCALE2 MEANINGS OF MAPPING SCALE

•• AccuracyAccuracy

–– Often to NMAP or CE90 etc.Often to NMAP or CE90 etc.

–– Fairly easy to plan and measureFairly easy to plan and measure

–– DEM component is often misunderstood caveat for policy makersDEM component is often misunderstood caveat for policy makers

•• DisplayDisplay

–– Feature identificationFeature identification

–– Correlation with traditional uses of topographic map scalesCorrelation with traditional uses of topographic map scales

–– Scale Scale Res. (m)          Res. (m)          

–– 100,000           10.0            100,000           10.0            

–– 50,000             5.0          50,000             5.0          

–– 24,000             2.4            24,000             2.4            

–– 12,000             1.212,000             1.2



ERROR BUDGETERROR BUDGET

•• The term The term error budgeterror budget (also known as (also known as uncertainty budgetuncertainty budget) is used by many ) is used by many 

industries to mean the partitioning of total error into specificindustries to mean the partitioning of total error into specific components, in components, in 

order to evaluate the impact of each on the overall system.  Ideorder to evaluate the impact of each on the overall system.  Ideally, an error ally, an error 

budget is used early in a process to help the designers of a sysbudget is used early in a process to help the designers of a system choose tem choose 

components that minimize or eliminate errors, in order to meet acomponents that minimize or eliminate errors, in order to meet a certain overall certain overall 

accuracy requirement (Mancini).accuracy requirement (Mancini).

•• In remote sensing, an error budget is used to define and quantifIn remote sensing, an error budget is used to define and quantify the various y the various 

sources that contribute to the inaccuracy (also known as circulasources that contribute to the inaccuracy (also known as circular error) in a r error) in a 

given project area.  By identifying these specific sources of ergiven project area.  By identifying these specific sources of error, the ror, the 

components that supply the most error or that can be most easilycomponents that supply the most error or that can be most easily remedied are remedied are 

identified (Congalton). identified (Congalton). 



ERROR BUDGET CALCULATIONSERROR BUDGET CALCULATIONS
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APPROXIMATE MAP SCALE  EQUIVALENCIESAPPROXIMATE MAP SCALE  EQUIVALENCIES

Map Scale CE90 RMSE 1-Sigma

1:50,000 25.4m 15m 12m

1:24,000 12.2m 6m 3m

1:12,000 10.2m 5m 2m

1:4,800 4.1m 2m 2m

1:2,400 2.0m 1m 1m



ROOT SUM SQUAREROOT SUM SQUARE

•• Overall error is not a linear additive function of the errors buOverall error is not a linear additive function of the errors but rather the square t rather the square 

root of the sum of the squares of the errors because there is soroot of the sum of the squares of the errors because there is some natural me natural 

cancellation if one assumes the errors are random.cancellation if one assumes the errors are random.



RSS ANOTHER VIEW RSS ANOTHER VIEW -- 11

•• Another way of visualizing why circular Another way of visualizing why circular 

errors add up this way is to imagine a errors add up this way is to imagine a 

vector representing the first source of vector representing the first source of 

error.  In the figure, this is the red arrow.  error.  In the figure, this is the red arrow.  

Next, imagine another vector that starts Next, imagine another vector that starts 

at the tip of this first error, representing at the tip of this first error, representing 

a second source of error; this is the blue a second source of error; this is the blue 

arrow.  arrow.  

•• If the second vector has exactly the If the second vector has exactly the 

same direction as the first, they add up.  same direction as the first, they add up.  

If it has the opposite direction, they If it has the opposite direction, they 

subtract.  If it is perpendicular, they add subtract.  If it is perpendicular, they add 

up by the Pythagorean Theorem, which up by the Pythagorean Theorem, which 

is the same as a root sum square.  If is the same as a root sum square.  If 

anywhere else, the vectors add up by anywhere else, the vectors add up by 

the Law of Cosines; the green arrow the Law of Cosines; the green arrow 

represents the summation for the case represents the summation for the case 

of an arbitrary direction for the second of an arbitrary direction for the second 

error.  error.  



RSS ANOTHER VIEW RSS ANOTHER VIEW -- 22

•• If all directions of the second vector are If all directions of the second vector are 

equally likely (which they should be, equally likely (which they should be, 

given the assumptions of circularity and given the assumptions of circularity and 

independence), then the weighted independence), then the weighted 

average of all possible directions will be average of all possible directions will be 

the perpendicular case, which adds with the perpendicular case, which adds with 

the first as a root sum square.  This the first as a root sum square.  This 

analogy can be extended to any number analogy can be extended to any number 

of independent error vectors.of independent error vectors.

•• It is useful to note with the sum of It is useful to note with the sum of 

squares that the largest error tends to squares that the largest error tends to 

dominate the result.  For example, if the dominate the result.  For example, if the 

error due to the vertical inaccuracy of error due to the vertical inaccuracy of 

the DEM is 10 meters and the only other the DEM is 10 meters and the only other 

error is 5 meters, the result is , or 11.18 error is 5 meters, the result is , or 11.18 

meters, which is only 11.8% larger than meters, which is only 11.8% larger than 

the largest error.the largest error.



ERROR BUDGET CALCULATIONSERROR BUDGET CALCULATIONS



ERROR BUDGET SPREADSHEETERROR BUDGET SPREADSHEET

•• If evaluating for National Map Accuracy standards, 90% should bIf evaluating for National Map Accuracy standards, 90% should be used, e used, 

whereas if evaluating for NSSDA, 95% should be used.  Use 63.21%whereas if evaluating for NSSDA, 95% should be used.  Use 63.21% for an for an 

RMSE or 1RMSE or 1--sigma standard, or 50% for the average error. sigma standard, or 50% for the average error. 



ERROR BUDGET SPREADSHEETERROR BUDGET SPREADSHEET

•• The third field (F22) represents the maximum expected incidence The third field (F22) represents the maximum expected incidence angle from angle from 

the satellite to the ground.  If the spreadsheet is to be used fthe satellite to the ground.  If the spreadsheet is to be used for an error budget or an error budget 

for a single image of known incidence angle, enter that here. for a single image of known incidence angle, enter that here. 



ERROR BUDGET SPREADSHEETERROR BUDGET SPREADSHEET

•• The fourth field (F23) may be the most difficult to determine.  The fourth field (F23) may be the most difficult to determine.  This is the error This is the error 

inherent in the satellite model using the best orthorectificatioinherent in the satellite model using the best orthorectification model.  For n model.  For 

example, a typical algorithm used in orthorectification softwareexample, a typical algorithm used in orthorectification software is the is the ““rigorousrigorous””

model, which takes into account the physical characteristics of model, which takes into account the physical characteristics of the sensor.  The the sensor.  The 

error reported in this field represents the uncertainty in the merror reported in this field represents the uncertainty in the model of satellite odel of satellite 

position, attitude, and camera model, even if the DEM and groundposition, attitude, and camera model, even if the DEM and ground control are control are 

perfect. perfect. 



ERROR BUDGET SPREADSHEETERROR BUDGET SPREADSHEET

•• Cell F24 is used to report the error inherent in the satellite mCell F24 is used to report the error inherent in the satellite model using the best odel using the best 

method available when ground control is method available when ground control is notnot used.  Typically, this would be a used.  Typically, this would be a 

model that uses rational polynomial coefficients, or RPCs.  Mostmodel that uses rational polynomial coefficients, or RPCs.  Most vendors vendors 

provide RPCs with their nonprovide RPCs with their non--orthorectified (orthorectified (““basicbasic””) imagery, and they often will ) imagery, and they often will 

quote a number that represents the accuracy you can expect usingquote a number that represents the accuracy you can expect using RPCs RPCs 

without ground control. without ground control. 



ERROR BUDGET SPREADSHEETERROR BUDGET SPREADSHEET

•• The vertical error field (F36) should contain the quoted verticaThe vertical error field (F36) should contain the quoted vertical error of the l error of the 

DEM, also known as LE (linear error) at a certain value.  The peDEM, also known as LE (linear error) at a certain value.  The percentile used is rcentile used is 

the same as what is defined in cell F15.  the same as what is defined in cell F15.  

•• If you are given a different value from the percentile that is aIf you are given a different value from the percentile that is asked for, use the sked for, use the 

vertical error conversion form at the right to perform this convvertical error conversion form at the right to perform this conversion.  Type in ersion.  Type in 

the word the word ““RMSERMSE”” if you know the RMSE (root mean square error) of the data, if you know the RMSE (root mean square error) of the data, 

otherwise type in a percentage value, such as otherwise type in a percentage value, such as ““9090”” or or ““9595”” in cell K19.  Next, in cell K19.  Next, 

type the value of given number in cell K20 (example: CE90 of 4.5type the value of given number in cell K20 (example: CE90 of 4.5 meters meters 

means means ““9090”” goes into K19 and goes into K19 and ““4.54.5”” goes into K20).  The calculated vertical goes into K20).  The calculated vertical 

error at the given level (the same level used for the entire sheerror at the given level (the same level used for the entire sheet) is given in cell et) is given in cell 

K22.K22.



ERROR BUDGET SPREADSHEETERROR BUDGET SPREADSHEET

•• The last field in this section (F38) is the XThe last field in this section (F38) is the Xthth percentile of slope over the project percentile of slope over the project 

area, where X is the accuracy level defined in cell F15.  Note tarea, where X is the accuracy level defined in cell F15.  Note that this field is hat this field is 

only relevant if the horizontal error in cell F37 is nononly relevant if the horizontal error in cell F37 is non--zero.  To determine this zero.  To determine this 

value, it may be necessary to build a DEM for the project area, value, it may be necessary to build a DEM for the project area, perform a slope perform a slope 

analysis, and determine the Xanalysis, and determine the Xthth percentile by analyzing the histogram.  Use the percentile by analyzing the histogram.  Use the 

best freelybest freely--available DEM, as coarse datasets like SRTM30 will tend to available DEM, as coarse datasets like SRTM30 will tend to 

underestimate the slope values in a much higher resolution elevaunderestimate the slope values in a much higher resolution elevation model. tion model. 



ERROR BUDGET SPREADSHEETERROR BUDGET SPREADSHEET

•• If GCPs are used, enter the circular accuracy of the ground conIf GCPs are used, enter the circular accuracy of the ground control at the Xtrol at the Xthth

percentile in the first field (F45), where X is the accuracy levpercentile in the first field (F45), where X is the accuracy level defined in cell el defined in cell 

F15.  This number should be provided by the ground control supplF15.  This number should be provided by the ground control supplier.  If survey ier.  If survey 

points are the primary source of control, the quoted accuracy ofpoints are the primary source of control, the quoted accuracy of those points those points 

should be entered here.  If highshould be entered here.  If high--resolution imagery is to be used, enter the resolution imagery is to be used, enter the 

circular accuracy of this imagery in this field. circular accuracy of this imagery in this field. 



ERROR BUDGET SPREADSHEETERROR BUDGET SPREADSHEET



ERROR INTRODUCED BY INCIDENCE ANGLEERROR INTRODUCED BY INCIDENCE ANGLE



RESTRICT INCIDENCE ANGLE OF IMAGE ACQUISITONRESTRICT INCIDENCE ANGLE OF IMAGE ACQUISITON



IMPROVEMENT WITH GROUND CONTROLIMPROVEMENT WITH GROUND CONTROL



ERROR BUDGET SPREADSHEETERROR BUDGET SPREADSHEET

24k NMAS



ERROR BUDGET SPREADSHEETERROR BUDGET SPREADSHEET

24k NMAS



ERROR BUDGET SPREADSHEETERROR BUDGET SPREADSHEET

24k NMAS





Agency/Organization

Imagery Area Requirements by Scale/Resolution

Broad (2.5-10 meter) Moderate (1-2.5 meter) Detailed (sub- to 1-meter)

Area (sq. km.) % of State
Area (sq. 

km.)
% of State Area (sq. km.) % of State

Federal Aviation Administration, 
1,493,266 100 - - 155,245 12

ADOT Aviation

US Department of Defense - - 8,498 1 234,523 16

National Wetlands Inventory (USFWS) 1,493,266 100 - - - -

USFWS 1,493,266 100 290,343 19 - -

Bureau of Land Management 1,493,266 100 209,758 14 33,936 2

National Park Service 203,342 14 203,342 14 - -

USDA Forest Service 1,493,266 100 - - 85,942 6

State of Alaska (including ADOT),
1,493,266 100 413,180 28 305,912 20

Alaska Railroad Corp.

Native Corpsorations & Organizations 1,493,266 100 - - 174,650 12

Boroughs, Municipalities, Cities - - 528,234 35 104,990 7

Populated Places (Municipalities, Cities, 

Villages) - Buffered 10 km
- - - - 229,299 15

Major Roads & Railroads - Buffered 5 km - - - - 58,020 4

Trans-Alaska Pipeline & Other Pipelines -

Buffered 10 km
- - - - 25,223 2

Utilities & Infrastructure - - - - 55,541 4

NON-OVERLAPPING AREA TOTALS 1,493,266 100 1,205,591 81 409,062 27









CONCLUSIONSCONCLUSIONS

•• This is a statewide program serving State, Federal, Alaska NativThis is a statewide program serving State, Federal, Alaska Native and e and 

other stakeholders.other stakeholders.

•• A 1:24,000 scale image map, 2.5m  A 1:24,000 scale image map, 2.5m  –– 5m resolution, multi5m resolution, multi--spectral, spectral, 

updated no less often than every 3 updated no less often than every 3 -- 5 years is a consensus requirement.5 years is a consensus requirement.

•• All existing commercial systems can meet the 1:24k requirement wAll existing commercial systems can meet the 1:24k requirement with ith 

adequate DEM and ground control given collection geometry constradequate DEM and ground control given collection geometry constraints.aints.

•• Larger scale image maps (higher resolution) will be required forLarger scale image maps (higher resolution) will be required for regional regional 

1m 1m –– 2.5m or project 0.5m 2.5m or project 0.5m –– 1m work.1m work.

•• Swath / footprint size matters to classification applicationsSwath / footprint size matters to classification applications (wetland (wetland 

delineation, fire fuel modeling etc.) delineation, fire fuel modeling etc.) based on spectral continuity. based on spectral continuity. 

•• Orthorectification and mosaicking costs are not insignificant.Orthorectification and mosaicking costs are not insignificant.

•• Some applications require leafSome applications require leaf--off  or stereo imagery.off  or stereo imagery.

•• Ground receiving stations (virtual or real) provide benefits. Ground receiving stations (virtual or real) provide benefits. 



questionsquestions


