NBS/NPS Vegetation Mapping Program

Accuracy Assessment Procedures - Final Draft

8.0 Implementation

8.1 Overall Plan and Operational Scenarios
Accuracy assessment methodology depends to a considerable extent on the classification scheme used, the methods used for the original compilation of the data, and the accuracy requirements established for the data.  As long as some of these issues remain unresolved, procedural recommendations must be based on assumptions that may or may not hold true.  The current assumptions are as follows:

1.
The MMU will be 0.5 hectare.

2.
Initial vegetation boundaries will be delineated using aerial photographs; classification will then be refined using field sampling.

3.
Vegetation mapping will be conducted separately for each park.

4.
The accuracy requirements will be for 80% per‑class accuracy for the vegetation classification and NMAS for positional information.

5.
The mapping scale will be 1:24,000.

Operational scenarios have been defined on the basis of the frequency and abundance of each class.  As such, the scenarios are class specific and not park specific.  The sampling methods are essentially the same for all scenarios.  However, the number of samples to be collected differs from one scenario to another.

From an operational point of view, it is intended to conduct a separate accuracy assessment for each park at the conclusion of the mapping process.  As such, the accuracy assessment will be independent of the mapping process.  The assessment process can be viewed as consisting of four basic steps:

1.
Preliminary work and planning

2.
Logistics planning for the field work

3.
Field work

4.
Analysis of field work and computation of results

The steps are illustrated in Figure 1.  

Preliminary work and planning begins by analyzing the existing data to determine the classes to be sampled and their frequency and abundance.  This analysis is used to determine the number of field samples to be selected per class.  For each class, sample sites should be assigned randomly to polygons, with the constraint that all sample site locations be sufficiently far from polygon boundaries to minimize effects due to positional errors.  Sample site locations should then be analyzed for possible accessibility problems and replaced with alternatives if necessary.

Once all sample sites have been determined, logistics planning for the field visit can begin.  This includes a determination of the time and date of the field visit, the resolution of special situations (such as access problems due to administrative reasons), the order in which field sites should be visited, the personnel to visit the site, and the equipment to be used for the visit.

	Figure 1  Accuracy Assessment Procedures Process Flow

Overall process flow
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	Figure 1—continued

b. Preliminary work and planning
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	Figure 1—continued

c. Logistics planning for field work
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	Figure 1—continued

d.  Field visit



	[image: image4.png]Locate each

NO

Accessible? ‘Alternate site location Drop point from sample

in fiela?

Acces ves

record coordinates

P
Record site conditions

Record type and extent of Revisit for remapping,
Drastic temporal changes, drop point from (———»|  database update s
changes? sample required

Finalize/record size and shape
of sampling unit according to
guidelines

[Conduet sampling u
lof original field survey

Assign classification

Estimate special information
such as mixing ratio and size
of inclusions

I
Record all information/data
on field assessment form

- v
Conduct inifial post-field
analysi

I

Select and visit additional -
Sample sites, i necessary Conduct post-icld analy







	Figure 1—continued

e.  Initial post-field analysis
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	Figure 1—continued

f.  Post-field analysis
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The field visit itself is the most complex part of the assessment procedure. Investigators will need to locate each field site, determine its classification, and determine whether site conditions are appropriate for sampling. The last is necessary because a number of circumstances may prevent a sample site from being accessed or from being used, even if the site is accessible. If this occurs, sample sites may need to be replaced in the field or during initial post-field analysis. For accessible sites, an area equal to the MMU for that class will be observed in its entirety, and its classification and other pertinent information will be recorded on the field assessment form. 

Once all sites have been visited, an initial post-field analysis will be conducted. The purpose of this analysis is to determine whether the data collected are sufficient to proceed with the final analysis or if a second field visit is necessary. A second visit may be necessary if, for example, the number of samples accessible in the field dropped below the number required for the class. 

After completion of the initial post-field analysis (and any additional field work that may have been required), the data are analyzed for accuracy. The results of the analysis will be presented in the form of a report that will contain all pertinent information regarding thematic and positional accuracy. 

8.2 Sampling and Data Collection 

8.2.1 Number of Samples

It is recommended that the number of samples be varied according to the rarity of classes. Fewer samples should be allotted to rare classes. 

Depending on the rarity of the class (in terms of both the area and the number of polygons), the number of sample sites selected can be decreased to as few as 5. Classes with fewer than 5 polygons should not be sampled, but observed in their entirety. 

Wherever possible, a sufficiently large number of sample sites will be selected to permit the derivation of statistical measures to attain a satisfactory level of confidence. However, for some operational scenarios, especially those involving rare classes, achieving a satisfactory level of confidence may be impossible or prohibitively expensive. 

The implications of the recommendation are that confidence intervals for thematic accuracy estimates will vary, depending on class. For classes with a sample size of 5, only a point estimate of the accuracy can be derived. 

8.2.1.1 Total Number of Sample Sites 

Sampling will be stratified by class. The total number of sample sites will therefore vary with the number of classes present in the park and the number of samples to be selected for each class. If the recommendation regarding sample sizes in rare classes is adopted, sample sizes may vary from 5 to 30, depending on the rarity of the class (see Section 8.2.1.2). 

8.2.1.2 Number of Sites per Class 

The following sample sizes are recommended for the operational scenarios described in Section 8.1:

	Scenario
	Description
	Polygons in

class
	Area occupied by class
	Recommended

number of samples in class

	A
	Abundant. Many polygons that cover a large area.
	30
	 50 ha
	30

	B
	Relatively abundant.  Class has few polygons that cover a large area.
	< 30


	 50 ha
	20

	C
	Relatively rare.  Class has many polygons, but covers a small area.  Many polygons are close to the MMU.
	> 30
	< 50 ha
	20

	D
	Rare.  Class has few polygons, which may be widely distributed.  Most or all polygons are close to the MMU.
	5, 30
	<50 ha
	5

	E
	Very rare.  Class has too few polygons to permit sampling.  Polygons are close to the MMU.
	< 5
	< 50 ha
	Visit all and confirm


8.2.2 Sample Site Selection

It is recommended that all sample sites be selected randomly, stratified by class. It will be permissible for there to be multiple sample points per polygon. However, the number of sample sites per polygon will be weighted by polygon area. 

One possible weighting scheme is as follows: 

1. For a given class, compute the percent area for each polygon. 

2. Plot the percentages on a scale from 1 to 100 (i.e., polygons with a larger area will occupy a larger section of the scale bar). 

3. Select random numbers between 1 and 100. The random number (sample) selected will be allocated to the polygon whose position on the scale includes the random number. Since larger polygons occupy a larger section of the scale, they have a higher chance of including samples. 

4. Once the number of samples per polygon is determined, sample coordinates within the polygon will be randomly allocated. 

5. Sample coordinates will be located away from boundaries to be sufficiently far from the boundary to minimize the effects of positional error in the data. At a minimum, the sample sites will be positioned such that the MMU to be observed will be wholly contained within the polygon. 

For each sample site selected, a sample area equivalent to one MMU will be observed. Currently, the MMU is set at 0.5 hectare. However, it is recommended to define MMUs as class specific. The coordinates selected as the sample site location will be the center of the area to be observed. Ideally, the area to be observed should be circular. (If an MMU of 0.5 hectare is used, this will correspond to a circle with a 40-meter radius). However, in cases where a circular MMU will not fit into polygon boundaries (as may be the case for riparian zones), or where the layout of a circular area will be impractical, investigators will be allowed to vary the shape of the MMU. 

8.2.2.1 Stratification 

Samples will be stratified by class and weighted by polygon area. In the case of positional accuracy assessment, an attempt will be made to stratify samples by area (i.e., allocate an equal number of sample points to each quadrant).  If this is not possible, a simple random sampling scheme will be employed. 

8.2.2.2 Initial Positioning of Sample Sites 

In terms of sample site selection, it is recommended that samples be positioned randomly within polygons, regardless of any ecotonal variation that may exist in the area. The only restriction on the positioning of the sample site is that the site must be located sufficiently far from the boundary to eliminate confusion due to positional error either in the data itself or in the ability of field personnel to find the sample coordinates in the field. For example, if the positional accuracy of the data is estimated to be 12 meters at a 90% confidence level and field personnel can position themselves within 15 meters of the true location of the point, the sample site should be positioned at least the root sum square of these two quantities from the polygon boundary (in this instance approximately 19 meters). 

In terms of in-field sample site location, it is recommended that differential GPS be used to locate sample sites in the field, where possible. This solution (whether real time or dependent on post-processing) is the only one that can satisfy requirements for both thematic and positional accuracy. In case real-time DGPS is not available, investigators

will only be able to navigate to preselected coordinates to within 100 meters. In this situation, investigators will be given some freedom in selecting a coordinate within a 100-meter radius of the predetermined one, as long as it remains in the appropriate community type. 

8.2.2.3 Sampling between and along Gradients 

The objective of the accuracy assessment is to identify a given community, not the location of a community boundary. The sample plot, which is equivalent to one MMU in size, should therefore be wholly contained within the community type. 

8.2.3 Sample Collection 

Samples should be analyzed utilizing the same field techniques as were employed when the identity of the community was originally established. It is assumed that community type will be established by using a combination of aerial photointerpretation and field surveys in the form of sampling. It is therefore recommended to utilize sampling to

verify community identity during the accuracy assessment. The field survey should be carried out by personnel familiar with this technique, but not by the same personnel who conducted the original field survey. If community identification is possible through simple observation, this will be an acceptable alternative to reconstructing the original sampling method. Once the data for the sample site have been selected, the class assignment should be made according to the same classification rules used in the original classification. 

8.2.4 Reporting Results 

Field personnel will report their findings on a field assessment form. The format of this form should be similar to the format used for the original classification. This will be an added check that the assessment methods will be as similar as possible to the methods used for the original survey. In addition to the standard items to record, the field assessment form should be used to record special conditions, such as drastic temporal changes, variation in the shape or size of the MMU, or relocation of a sample site to an alternative position. At the same time, reasons for deviating from the standard assessment procedure should be documented. 

8.2.5 Field Assessment Form 

At a minimum, the field assessment form should contain the following information:

· Name of the investigator(s). 

· Name of the park. 

· Date and time of the field visit. 

· Name or identifier of the sample site location. 

· GPS coordinates of the sample site in the field and the method by which the coordinates were determined (i.e., real-time DGPS, raw DGPS coordinates). If raw DGPS coordinates are used, the form should contain a description of the decision rules the investigator uses when navigating to the site, especially if the site coordinates are different from those originally selected. 

· Sample site conditions in terms of environmental gradients, such as soil type, temperature, and overall development stage of the vegetation. 

· Shape and size of the MMU used in the assessment. A description of the decision rules used to alter the MMU, if it does not conform to the standard shape and size. 

· Site classification and a description of the procedures and methods used for the classification. 

· All raw data collected to determine the classification (such as species counts). 

· Reasons for dropping sampling sites and decision rules used to locate alternative sites. 

· Description of special conditions that may have been encountered (e.g., drastic temporal changes, abnormal developmental stage of vegetation). 

8.3 Statistical Methods 

8.3.1 Positional Accuracy 

To conform to the requirements of the proposed National Cartographic Data Standards for Spatial Accuracy, positional accuracy should be computed as the standard error of test point discrepancies in the x- and y-coordinate directions. From the standard error, a CMAS at a 90% confidence level will be derived. A 2 hypothesis test will be utilized to determine if the estimated accuracy meets or exceeds the established standard. The computational methods to be used to derive these quantities are presented in Sections 5.3, 5.4, and 5.5. 

8.3.2 Attribute Accuracy 

Attribute accuracy will be presented in the form of a contingency matrix, from which the following information will be extracted: 

· Overall accuracy with 90% confidence interval 

· Per-class users' and producers' accuracy with 90% confidence interval 

Overall accuracy should be computed and adjusted with a Kappa coefficient. A t-hypothesis test will be utilized to determine if the estimated accuracy meets or exceeds the required standard of 80% at a 90% confidence level. 

Both producers' and users' accuracy will be computed for all classes sampled. All accuracy estimates will be computed with a 90% confidence interval. A t-hypothesis test will be utilized to determine if the estimated accuracy of each class can be considered to be equal to the required class accuracy of 80% at a 90% confidence level. 

The computational methods for deriving these quantities are described in Sections 5.2, 5.4, and 5.5. 

8.3.3 Reporting Results 

Results will be reported in the form of an accuracy report that describes both the thematic and positional error properties of the data. The report will include a map showing the position of the sample sites to give users an indication as to whether the accuracy assessment is applicable to the entire study area. Also included will be a brief outline of the assessment procedure or appropriate references to permit readers to review the actual assessment methodology. 

For positional accuracy, the report will include the test point coordinates and their discrepancies from their true values. Also included will be the results of all computations, including the standard error in the x- and y-coordinate location, the CMAS at a 90% confidence level, and the results of the hypothesis test that determines whether accuracy requirements have been met. The report will note any special conditions, such as points that were dropped from the sample as outliers. 

For thematic accuracy, the report will consist of a contingency matrix showing all classifications. Samples that were dropped will be noted together with the reasons for their removal from the sample. The report will present both overall and per-class classification accuracy, the associated confidence intervals, and the results of the hypothesis tests that determine whether accuracy requirements have been met. 

8.3.4 Labeling of Products 

In addition to making a statement as to whether the product conforms to a specific requirement, it is recommended that the actual thematic and positional accuracy of each class and the associated confidence intervals be stored as part of the database. This information will be especially useful in situations in which a given class does not meet the accuracy requirement. In those situations, knowing the actual accuracy estimate will permit the users of the data to make informed decisions as to the usefulness of data that do not completely conform to established requirements.  To conform to existing standards, such as SDTS, it is also recommended that other data quality information be incorporated in the database, such as reports on lineage, completeness, and logical consistency, which for the most part address expected levels of processing error. 

Other measures of uncertainty, such as those associated with the position of polygon boundaries in vegetation transition zone, may also eventually become part of the database. Examples include the Perkal e-band, estimated "investigator" or "ecologist" uncertainties for individual lines, or estimated mixing ratios within polygons. Most of these address the uncertainty of individual features (either lines or polygons). However, since these measures are more experimental in nature, their inclusion in the database is not currently part of the standard recommended procedure. However, it is recommended that the feasibility of deriving these types of measures be tested during the prototyping phase of the project. 

How accuracy-related information will be incorporated into the database will ultimately depend on the database design. Possible options include related database tables that link, for example, class-specific thematic accuracy values to individual polygons. Other possibilities include the use of a data quality coverage or a combination of data quality coverage and related tables. 

8.3.5 Corrective Measures 

The type of corrective measures to apply, if the vegetation data for a specific park fail to meet thematic or positional accuracy requirements, will have to be determined on a case-by-case basis. A failure to meet accuracy specifications may result from improper procedures during the compilation of the map but may also be due to limitations inherent in the vegetation mapping process itself. If excessive error rates result from improper procedures, the mapping process may have to be repeated, starting at the point in the process where the procedural error occurred. This of course is only possible if the procedural error can be isolated. If excessive error rates occur for reasons outside the mapping contractor's control, such as ambiguities in the classification scheme, the classification scheme itself may need to be modified. If such modification is not possible, the accuracy requirements for the given area or class may have to be relaxed. 

During prototyping, mapping procedures, classification methods, and accuracy assessment procedures will be exercised. This will help investigators detect possible weaknesses in the classification and mapping process, as well as determine the extent to which accuracy requirements can be met. These tests will be used to refine the mapping and classification process as well as the accuracy assessment procedures and accuracy requirements. It is hoped that these refinements will permit a mapping and classification process that has a high probability of meeting the accuracy requirements to be devised. 

8.4 Alternative Methods 

The recommended approach for accuracy assessment described in previous sections has four basic precepts: 

1. The entire park will be included in the sampling strategy. 

2. Observations of vegetation classes will be ground based. 

3. Ground sampling techniques will be identical to those used in the initial classification. 

4. The number of samples per class will vary with the abundance and size of classified polygons. 

This approach is intended to set a rigorous standard while still taking into account cost considerations. Nevertheless, the approach is still very ambitious and assumes a very high 

level of resource availability. For this reason, it is appropriate to outline some alternatives or variations on the basic approach which take into account the inevitability of logistical problems and limited resources. It is also recognized that there will be instances where the area in question is so small as not to warrant a complex sampling procedure. For some areas, it may be feasible to literally check everything. 

Alternative approaches that can be used to reduce costs or overcome accessibility problems fall into two broad categories. First, strategies for sampling less than the entire mapped area of the park need to be considered (subsampling strategies). Second, observational strategies may be varied. In other words, sources of higher accuracy other than ground-based sampling may be used to increase sampling efficiency if the loss of confidence in the identification is manageable. 

8.4.1 Subsampling Strategies 

Two-stage or subsampling of a large park could proceed in one of two ways. First, the primary sampling units (e.g., a section or block of sections) could be randomly selected until the entire range of class variability or a statistically meaningful number of samples (e.g., 30) are selected. Stratified random sampling of the vegetation classes would then take place within the primary units. This technique would seem most appropriate where the variability in vegetation is more or less uniformly distributed. 

A more efficient technique would be to consciously select subsamples that encompass the greatest amount of potential diversity in vegetation. This could proceed by an analysis of biophysical diversity in much the same way that reconnaissance sampling is undertaken (see Section 3.1.4 in Field Sampling Methodology). The subsamples could then be laid out as blocks that capture clusters of diversity or as transects that coincide with known environmental gradients. The latter would serve as a means of detecting subtle patterns of error. 

The number of these primary samples would largely be determined by the clustering of diversity in the park as well as available resources. However, enough samples would also have to be selected to take into account important variables that influence the reliability of mapping such as photo quality or an individual interpreter's ability. That is to say each interpreter's work or major fluctuation in photo coverage (e.g., color balance, date) would need a representative sample. 

A probability of introducing significant bias exists with this technique, but the actual process of photointerpretation favors the technique as a reliable indicator. Consistency 

and accuracy in photointerpretation depends on the identification of a clear and unambiguous relationship between the ground conditions and the photo signatures. If this 

relationship is not apparent, errors will be propagated across the mapping area. Even limited sampling will identify this problem trend. Other errors or inconsistencies caused by poor technique are more likely to be clustered in the work of a given interpreter. The sampling design can account for this type of error. 

8.4.2 Observational Strategies 

The high cost of acquiring numerous ground-based samples in very large or inaccessible parks suggests that other means be employed to validate the accuracy of mapped vegetation classes. In circumstances where access problems are limited to a few critical areas, validation crews might be transported by helicopter to sites for observations from the air while hovering. Variations on this approach could involve the use of 35-mm or 70-mm cameras for documentation. Landing the helicopter for reconnaissance could also be used, if feasible. In any case, positions would be fixed using GPS. 

This technique offers the advantage of getting very close to the vegetation in addition to rapid transport. However, it is probably not feasible for extensive use. Helicopters, particularly those that might carry large crews, are very expensive to rent or lease. Additionally, the noise levels may not be acceptable. For safety reasons, helicopters will also face restrictions on the working altitude in dry dusty environments. 

Airborne Videography 

A more promising alternative would be the use of fixed-wing airborne videography. Video data has been used with varying success in a number of natural resource assessment and monitoring projects. (Graham 1993; Marsh et al. 1991: Myhre et al. 1990; Stutte and Stutte 1990). Airborne videography provides several advantages: It is a relatively inexpensive and rapid method for acquiring large-scale imagery. The video tapes are available for viewing and analysis immediately after or even during the flight. Videography provides a less biased sample by freeing the observer from access restrictions; and it provides an extended opportunity for analyses and decision making by experts not able to visit the field sample sites. Noise levels from fixed-wing aircraft are also much less than those from helicopters. 

The zoom capabilities of video cameras also offer the advantage of different scale perspectives. Wide-angle views help with understanding the overall landscape while zoomed images may be suitable for identifying individual species.  A video camera with 

16-mm lens is capable of picture element resolutions of 3.5 feet at 3,000 foot altitude above-ground level (AGL), and 5.8 feet at 5,000 feet AGL (Evans 1992). Portable monitors in the aircraft would offer an additional opportunity to compare the direct observations of the vegetative cover with the video images. 

Field testing of this technique should focus on the ability to acquire precise geographic locational information for the images and the limitations of interpreting vegetation classes from videography. Errors are introduced into the georeferencing of video data by the fact that the GPS data received by the aircraft antenna are assumed to be for the video frame center. Excessive tip and tilt of the aircraft during filming can introduce significant error especially for higher altitudes (Bobbe et al. 1993). The relatively slow time for GPS updating when compared to the capture of video frames, also limits positional accuracy. However, some researchers have made innovative use of the time codes that are a standard for each frame of a television picture to extrapolate positions of frames between GPS updates (Graham 1993). The positional accuracy limits of this approach and others should be field tested. 

While natural color video is the most likely choice, it is recommended that other portions of the electromagnetic spectrum, such as near-infrared, be tested to determine if they enhance the system's ability to discriminate vegetation types and improve interpretation. 

Interpretation keys for use with videography may either be developed using video prints that have been field verified or keys may be based on qualitative descriptions of the vegetation. Both approaches should be tested. An important part of error management for either method would be to restrict the use of any but the most confident sample observations. Those that are in any doubt should be replaced with a ground-based observation or not used. 

Aerial surveys with video will be the most efficient when the flight lines are straight with few turns. This will need to be factored into the sampling design so that video transects actually become the subsamples from which the stratified random samples are taken. 

Existing Field Plot Data 

As stated in Section 3.1, existing field plot data may also be useful for accuracy assessments if they are accurately documented and reflect conditions at the time the imagery was obtained. These data would also be extremely valuable for initial field reconnaissance, which is probably their most beneficial use. 

8.4.3 Strategies for Using Alternatives 

The decision on when and where to use the alternative procedures will be based on the nature of the park lands and available resources. The major factors to be considered include the size of the park, the accessibility of park lands, and the inherent difficulty of classifying the vegetation. The following discussion addresses the conditions under which the various alternatives would be appropriate. 

Size 

The parks range in size from less than 1 hectare to over 1 million hectares. The median size is approximately 2,500 hectares; the mean size is approximately 50,000 hectares. This does not include the areas of interest surrounding the parks which might, in some cases, double the area to be mapped. Approximately 30% are less than 500 hectares in size. Another 55% of the parks range from 500 hectares to the approximate mean size of 50,000 hectares, while the remaining 15% increase steadily in size to the largest, which is Yellowstone, at 1,043,330 hectares. 

For those parks under the median size of 2,500 hectares, it may be feasible to actually visit every classified unit if the accessibility is good and diversity is relatively low. For parks in the range of 2,500 hectares to the mean size of 50,000 hectares, the basic recommended approach of ground observation sampling for the entire area may be feasible. Parks larger than the mean will most likely be considered for subsampling as well as using airborne videography because of the large number of points that would have to be sampled if the entire area was covered. At this point, these guidelines are intuitive and will have to be considered within the context of a given park unit. 

Accessibility 

Accessibility will generally be related to the size of the park and the lack of roads and trails. However, access or transportation problems could also be a problem in medium or small-size parks because of extensive wetland areas or sensitive biological preserves. Access may also be limited by surrounding private l ands such as those along some scenic waterways. 

Access by helicopter should be considered if the number of hard-to-reach sites is small and of critical concern. If the access problem is widespread, then videography should be considered. If the inaccessible areas are relatively few and are amply represented by 

similar areas that can be accessed, the more reasonable approach may be to simply extrapolate from the known conditions and not attempt to sample the difficult areas. 

Vegetation Complexities 

Several factors can contribute to the inherent difficulty of classifying the vegetation of a park. These include subtle environmental gradients, great species diversity, histories of repeated disturbance, or lack of obvious dominants in the community. Extremely complex vegetation may limit the use of airborne videography if identification becomes the issue. However, subsampling as a strategy for large parks will still be applicable even with very complex classification issues if a representative sample of all the variation can be selected with great confidence. Even for moderate size parks, subsampling may be preferable if the complexity of the vegetation results in an extraordinary number of classes. 

8.5 Local Options 

The degree to which the basic recommendation for sampling will have to be modified for local conditions will have to be evaluated on a case-by-case basis. The use of subsampling, variable scenarios for sampling sizes, and sources of higher accuracy other than ground observations implies that the thematic accuracy of the same class in different parks may be stated with a different confidence interval. Nevertheless, this should be manageable given a complete understanding of the methods and technologies. To reach the required understanding, operational testing of the procedures will be necessary.
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