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Abstract 
Augmented geospatial data production directly impacts the requirements and associated 
costs of Quality Assurance inspections. Complete inspections (100 percent) and their 
findings may be variable, time-consuming, and result in diminishing returns and loss of 
productivity. With the introduction of standardized sampling processes and efficient 
quality management procedures, based on accepted standards and quantitative methods, 
quality assurance requirements may be reduced without any deterioration in the degree of 
acceptable quality. Two sets of standards, military (MIL-STD-1916) and international 
(ISO19114:2003), can be combined into a methodological framework for the 
development of quality assessment procedures. MIL-STD-1916 addresses product testing 
using industry-accepted statistical techniques, while ISO 19114 focuses on specific 
geospatial data quality assurance procedures. By integrating geospatial analytical tools 
with random statistical sampling in ArcGIS PLTS ReViewer, a functional quality 
management system for quality inspections may be developed that will increase 
productivity and provide consistent results and quality metrics.  

Introduction 
The focus of this paper is to evaluate the development of an integrated quantitative 
quality management model for geospatial data.  Quantitative quality management 
relies on Statistical Process Control (SPC) methods to provide a systematic, repeatable 
review function that supplants total inspection with a sampling process. Quality 
management in a production environment is directly affected by volume, so with 
increased production, 100-percent quality assurance (QA) inspections become less 
productive and expensive. SPC can be leveraged for geospatial data production, as it is 
used in manufacturing. 

This paper proposes a standard-based quality management system designed specifically 
for sampling geospatial data. This proposed quantitative quality management system was 
developed as a hybrid of two standards that support ISO 9001:2000 Quality Management 
requirements. The proposed hybrid is being called the Integrated Geospatial Sampling 
Model or IGSM. 

IGSM is dependent on two relatively new standards. First is US Department of Defense 
Military Standard 1916 (MIL-STD-1916), required in 1996 for general product testing 
using random statistical procedures. In 2005, MIL-STD-1916 was adopted as an 
international ISO standard (ISO 21247:2005). Although they are interchangeable, MIL-
STD-1916 will be used in this discussion.  A second standard, ISO 19114:2003, is an 
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international standard for geospatial data quality assurance management adopted in 2003. 
Both of these new standards are summarized below:  

MIL-STD 1916 is a procedural how-to guide for random sampling. The Standard 
and its associated procedural handbook identify the components of the sampling 
plan, including selecting the sample size and critical errors definition. 

ISO 19114 is the international standard for geographic information quality 
evaluation procedures and data characteristics, issued by the International 
Organization for Standardization (Geneva).  

  
Combined, MIL-STD-1916 and ISO 19114 (or the Standards) can be used to develop a 
best-practice set of random sampling procedures for visual inspections of geospatial data, 
particularly for large vector or raster datasets. Benefits of random sampling include 
increased productivity, reduced quality assurance costs, procedural consistency, 
repeatable processes, auditable procedures and quality metrics. 
 
This paper is arranged into six major headings. The first section, Step 0, explains the 
rationale behind IGSM. Discussions in Steps 1 through 5 parallel the functional quality 
management processes identified in the Standards: 
 

o Step 0: Building an Integrated Geospatial Sampling Model (IGSM) 
o Step 1: Identify Geospatial Data Quality Elements 
o Step 2: Geospatial Data Quality Evaluation Measures 
o Step 3: Data Evaluation Methods, Sampling Plans 
o Step 4: Determine Data Quality Results 
o Step 5: Determine Data Quality  Conformance  

 
IGSM is depicted graphically below (Figure1) and presented in a detailed flowchart in 
Figure 2. 
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Figure 1: Integrated Geospatial Sampling Model or IGSM 
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Figure 2: Integrated Geospatial Sampling Model Flow Diagram 

Sources: ISO 19114 and MIL-STD-1916.
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Step 0: Building an Integrated Geospatial Sampling Model (IGSM) 
 
Both Standards provide corresponding procedural guidelines for reviewing products that 
include Steps 1 through 5, as noted above. However, the Standards differ in the 
definition and implementation of these five steps.  ISO 19114 provides specific guidance 
for geospatial data for steps 1 and 2. MIL-STD-1916 gives clear instructions of the 
execution of step 3, but is augmented with the ISO Standard’s parameters for geospatial 
data. Both standards are similar for steps 4 and 5. 
 
Combined, the Standards formulate a complementary best practice solution for geospatial 
sampling. MIL-STD-1916 is a functional source for sample table and lot determination 
criteria, with specific lot sizes and sampling plans. ISO 19114 provides geospatial data 
framework by identifying geospatial data quality elements and random spatial sampling 
guidelines. Together these components form the foundation of the proposed Integrated 
Geospatial Sampling Model (Figure 2). 
 

Step 1: Identify Geospatial Data Quality Elements  
 
Having established a procedural framework, it is necessary to review the characteristics 
and implementation of the IGSM framework. The first issue is the determination of what 
will be reviewed during the quality review process. 
 
 ISO 19114 identifies six general data quality elements needed for the evaluation of 
spatial data quality; these include: (1) completeness, (2) logical and (3) physical 
consistency, and (4) positional, (5) thematic and (6) temporal accuracy. These six data 
quality elements are further classified into fifteen sub-elements that address the full range 
of spatial and non-spatial data characteristics (Table 1). 

Step 2: Determine Geospatial Quality Evaluation Measures 
 
Once the appropriate dataset and associated data quality elements and sub-elements have 
been identified for inspection, the next step is to determine the data quality measure(s) to 
be used for evaluation. Geospatial data quality measures are classified into several types, 
based on their characteristics, including (Silk, 1979):  
 

• Nominal- use of a classification scheme (wet/dry), including binary classes 
(yes/no); nominal results may be a count value. 

• Ordinal- ranking scale; generally not applicable, except in certain cases like the 
classification of urban areas for cartographic representation (first level, second 
level). 

• Interval-assigns an exact number so that the difference can be calculated 
precisely; the best examples are temperature or elevation. 

• Ratio-measurements widely used for geospatial data quality with the highest 
level of information; for example, the percentage of features not meeting a 
criterion. 
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Typical geospatial data quality measures may be a Pass-Fail condition for commission or 
omission errors (nominal), or ratio measures such as Root Mean Square Error (RMSE) 
for raster accuracy or Percent Correctly Classified for classification errors. Details about 
the elements and measure examples are provided next in Table 1.  
 

Table 1: Data quality elements and measures 
DQ Element DQ Sub- Element Measure Example 
Completeness Commission Excess data in a dataset 
Completeness Omission Data absent from dataset 
Logical 
Consistency 

Conceptual Consistency Adherence to rules of conceptual schema 

Logical 
Consistency 

Domain Consistency Adherence of values to the value domain 

Logical 
Consistency 

Format Consistency Degree to which data are stored in accordance with the 
physical structure of the data 

Logical 
Consistency 

Topological Consistency Correctness of the explicitly encoded topological 
characteristics of a dataset 

Positional 
accuracy 

Absolute accuracy Closeness of reported coordinate values to values accepted 
as or being true 

Positional 
accuracy 

Relative accuracy Closeness of the relative positions of features in a  dataset to 
their respective relative positions accepted as or being true. 

Positional 
accuracy 

Gridded data (Raster) 
position accuracy 

Closeness of gridded data position values to values accepted 
as or being true. 

Temporal 
accuracy 

Accuracy of time 
measurement 

Correctness of the temporal references of a time (reporting of 
error in time measurement). 

Temporal 
accuracy 

Temporal accuracy Correctness of ordered events or sequences 

Temporal 
accuracy 

Temporal validity Validity of data with respect to time 

Thematic 
accuracy 

Classification 
correctness 

Comparison of the classes assigned to features or their 
attributes to a universe of discourse (ground truth or 
reference dataset) 

Thematic 
accuracy 

Non-quantitative 
attribute correctness 

Correctness or non-quantitative attributes 

Thematic 
accuracy 

Quantitative attribute 
accuracy 

Accuracy of quantitative sub-elements 

Source: ISO 14114:2003, Annex D.  

Step 3: Data Evaluation Methods and Sampling Plans 
Step 3 requires the greatest level of integration of the two Standards and represents the 
most significant component of the IGSM, the data evaluation method. 
 

 
Figure 3: ISO 19114 Quality Evaluation Methods (Source: ISO 19114:2003) 
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Step3, Phase 1: Determine Data Quality Evaluation Method 
The initial part of this step, based on ISO 19114, is a four-tiered decision tree used to 
determine the Sampling Plan methodology, depicted in Figure 3 and described below.  
 

First is the determination of the evaluation method will be direct or indirect: 
• Indirect evaluation methods estimate data quality using information about 

the data (metadata) 
• Direct evaluations determine quality measures based on actual data 

characteristics and are the preferred method. (ISO 19114:2003). 
 

Second is the decision of whether the evaluation process is internal or external: 
• Internal direct data quality evaluation method exist within the dataset being 

evaluated (e.g. an attribution or topology review).  
• External direct quality evaluation requires that reference data are not present 

in the dataset being tested (e.g. imagery check of positional accuracy).  
 

Third is the verification of full inspection or sampling: 
• Full inspection may be undertaken if the size of the production lot is 

sufficiently small as identified in the MIL-STD-1916 tables. 
• Sampling necessary when the dataset population exceeds the levels 

practicable for a full inspection.  Sampling provides a systematic, repeatable 
review function for geospatial data as part of Statistical Process Control. 

 
Fourth is the selection of the sampling technique: either automated or non-
automated: 
• Automated sampling includes the use of validation software and other 

programmed solutions. 
• Non-automated sampling involves direct (visual) review of data. 

 
A review of sampling procedures will be the focus of the remainder of this study. 
 

Step3, Phase 2: Determine Sampling Strategy 
Sampling strategy methodologies are discussed in both standards, but MIL-STD-1916 
provides a more robust and defined methodology, as shown in Table 3.  
 
Table 2 — Comparison of ISO 19114 & MIL-STD-1916 Sampling Procedures 
 
ISO Procedure step MIL-STD Procedure Step Description 
Define a sampling 
method 

Determine Sampling Plan 
and Verification Levels (VL): 
Critical, Major or Minor  
There are no spatial 
parameters to MIL-STD-1916 

Methods include simple random sampling, 
stratified sampling (e.g. guided by feature type, 
a feature relationship or an area), multistage 
sampling and non-random sampling. 

Define items Type of Sampling: attribute 
or variable  

An item is a minimum unit to be inspected. An 
item can be a feature, a feature attribute or a 
feature relationship. 

Divide data quality Divide population into lots A lot is a collection of items in the data quality 
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scope (population) into 
lots 

and determine Lot Size Code 
Letter (CL)  (Appendix A). 

scope from which a sample is drawn and 
inspected. Each lot should, as far as possible, 
consist of items produced under the same 
conditions and at the same time. 

Divide lots into sampling 
units 

Establish sample populations Sampling unit is the area of the lot where 
inspection is conducted. 

Define the sampling ratio 
or sample size 

Determine sample size 
based on CL and VL 
(Appendix B). 

A sampling ratio gives information on how many 
items on average are extracted for inspection 
from each lot. 

Select sampling units Select sampling units Select required number of sampling units so 
that the sampling ratio or sample size for items 
is fulfilled. 

Inspect items in the 
sampling units 

Inspect items in the sampling 
units 

Inspect every item in the sampling units. 

 
 
 
MIL-STD-1916 provides a detailed sampling plan development process, with simplified 
probability inputs determined from provided tables (Appendices A and B). According to 
MIL-STD-1916 (§4.2.3), a sampling plan is determined by evaluating the criticality of a 
feature, lot size and the data characteristics. With the geospatial criteria identified in 
Phase 1 and the quantitative criteria of this Phase (2), the IGSM takes form.  
 
Figure 4 (below), derived from ISO 19114 provides the parallel guidelines for building 
the sampling plan, with a focus on the population definition and sampling procedure. 
For both population definition and sampling procedures, several decisions must be made 
based on the geospatial data characteristics. 
 

 
Figure 4: Sampling Plan Strategy: Population and Sampling (Source: ISO 19114, Fig. E.2) 

 

Population definition 

Population definition (ISO 19114), requires that a sample population will be determined 
either spatially (area-guided) or non-spatially (feature-guided).  
 

Non-spatial or Feature-guided sampling strategies select sample items based on 
the non-spatial attributes of the features and not on their location.  
 
Spatial or Area-guided sampling strategies determine sampling units based on 
spatial considerations. The sampling units may be predefined geographic areas 
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(e.g. political areas) or some other partitioning scheme. This type of sampling 
may be used as a first stage of sampling, followed by a feature-guided sampling 
within each sub-area. 

 
When coverage of the entire area is important, then the sample locations should be 
determined according to a regular or semi-regular pattern. Spatial partitioning with 
different sizes in different areas of the dataset may be needed in semi-random sampling, 
if the distribution of features is non-homogeneous. When using a grid of constant cell 
size, a rule is needed to include or exclude cells that are not completely inside the area of 
interest (ISO 19114). 
 
The determination of the actual IGSM sample size relies exclusively on MIL-STD-1916. 
Accordingly, the sampling size is determined by: 
 

a. Verification level (VL): identifies the level of importance of the feature being 
sampled as critical, major or minor. VL is related to the confidence level 
associated with the probability tables; the more critical the feature, the larger the 
population sample size. (Appendix A)  

b. Lot or production interval size code letter (CL): code letter derived from the 
combination of the lot size and VL (Appendix B), used to determine the sample 
size (na). 

c. Type of sampling: attributes, variables, or continuous that identifies the sample 
plan table. 

 
ISO 19114, like ESRI’s Data Reviewer QA Toolset, depends on stated percentages 
applied to the area- or feature-guided sample set with the percentages calculated for the 
target population (e.g. 10% of the total population). MIL-STD-1916 provides added value 
with defined criteria, based on confidence levels. 

Sampling Procedure 

Having defined a target population, it is necessary to develop a sampling procedure. 
ISO 19114 categorizes sampling procedures as judgmental or probabilistic.  
  

• Judgmental sampling designs involve selection of samples based on expert 
knowledge or Subject Matter Experts (SMEs), without use of quantitative 
procedures.  

• Probabilistic sampling is based on applied inferential statistics for the random 
selection of the target features.  Each member of a selected sample population has 
a known probability of selection, based on a normal distribution of events 
occurring. The percentage probability (confidence level) that may be inferred is 
directly related to the sample size: the higher the probability or level of certainty 
needed, the larger the required sample size (Appendices A and B).  

 
By combining the sample size definition criteria from MIL-STD-1916 with the geospatial 
quantitative tools from ISO 19114, an effective geospatial sampling process may be 
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developed, based on one of three sampling procedures: Simple Random, Stratified, or 
Semi-random sampling. 

 
• Simple Random Sampling: probability-based procedure that involves selection 

of samples randomly, using either feature- or area-based criteria. 
 

• Random Stratified: used when density varies within a population. Members of 
the population are placed into similar groups (strata), according to selected 
criteria. Features are then selected randomly from defined groups. 

 
• Semi-random sampling: Semi-random or systematic sampling applies random 

selection of the initial sample items (e.g. location, feature) and random stratified 
rules for selection for all remaining items. An example of semi-random or 
systematic sampling is grid sampling where the initial position of a grid is 
randomly determined and samples are taken at regularly spaced intervals (grid 
cells) over space. This method provides a practical and easy way to ensure 
coverage of an area. 
 

Using any of these three methods, subject data may then be sampled systematically, with 
results recorded for conformance testing (Step 4). 

Switching Procedure 

MIL-STD-1916 provides additional data review guidelines, called Switching procedures, 
which are directly related to the Verification Levels (VL). A typical quality assurance 
evaluation will begin with a tightened inspection procedure (100%), resulting in a larger 
sample set.  During the course of quality inspections, if the number of non-conformances 
is significantly reduced, a normal VL (20% or more) inspection plan may be 
implemented incrementally. Further improvements in product quality may warrant a 
reduced VL (spot random checks) inspection process.  
 
If inspections continue to discover non-conformances or discrepancies, it may be 
necessary to discontinue product acceptance, pending a process improvement at the 
producer level. When acceptance is resumed, it will be at the tightened inspection stage 
(MIL-STD-1916, §5.2). 
 

Step 4: Determine Data Quality Result 
 
Previous steps have discussed the development and implementation of a sampling plan. 
Step 4 has a target of acceptance or rejection of the data, with procedures varying 
depending on the data type and sources (e.g. raster or vector, large-scale or small-scale). 
Typically, the geospatial data will be compared to a source. QA reviewers must be 
knowledgeable with the source records, the geospatial application, and the conversion 
rules and standards used in both.  
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The sampling process requires the inspectors to start with the feature selected for 
inspection on each source record, locate the corresponding feature in the geospatial data 
and record any non-conformances onto the feature inspection sheet. If collateral errors, 
errors found outside of the sample set, are going to be identified during the inspection, 
they must be recorded separately and accounted for outside the sampling needed to 
achieve these results. Taking specific action to correct collateral errors may be decided if 
they are critical in nature. Correction of non-critical collateral errors may be contingent 
on whether other errors were identified within the sample. 
 
Data quality measure results are maintained by feature type and are used to evaluate the 
acceptability of the sample data set. 

Step 5: Determine Conformance/Data Acceptance  
The final step in the data quality evaluation process is the determination of conformance 
to the specified quality metric and the acceptance or rejection of the data. ISO 19114 
discusses data quality conformance as a Pass-Fail in comparison with conformance 
quality levels. MIL-STD-1916 increases the level of scrutiny with an acceptance criterion 
of Accept-on-Zero or AoZ.  This means that   
 

[A] lot or batch shall be considered acceptable only if no nonconforming units are 
found upon inspection of the random sample (MIL-STD-1916, Acceptability 
criterion). 

 
The MIL-STD-1916 Handbook explains the rationale behind the AoZ acceptability 
criteria.  These points include the fact that (an) ”observance of zero nonconformances in 
a sample does not imply that the population is perfect; (b) it is unreasonable to expect that 
there will be no nonconformances in an entire population; and (c) AoZ plans may not be 
as discriminating as non-zero-plans or plans that have a minimum allowance of errors” 
(MIL-STD-1916). 
 
Ultimately, the main intent of the MIL-STD-1916 is statistical process control, with the 
objective is to develop a stable, repeatable process that may be monitored using 
quantitative methods and improved on a continuous basis. Results of the quality 
evaluation may be reported as metadata or in an aggregated report format. 

Conclusion  
The purpose of this paper is to review the feasibility of developing a hybrid of 
international and military standards for data quality evaluation using random statistical 
sampling procedures. This model is called the Integrated Geospatial Sampling Model or 
IGSM.  The objective of IGSM is to reduce the level of effort required for objective 
quality assurance reviews, while providing the quality analyst with accepted sampling 
criteria.  
 
The potential benefits of effort reduction are augmented with the development of 
repeatable, auditable and documented procedures. Replication of procedures with a 
trained quality assurance staff will help to create a consistent geospatial data review 
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process. Process management is further enhanced with the use of a DoD-endorsed 
standard that has rigorous Accept-on-Zero defects (AoZ) criteria. Using random statistical 
sampling procedures in conjunction with newly available tools, including programs and 
validation software, would streamline the QA process and ensure the production of high 
quality geospatial data. 
 
In summary, the benefits of implementing a quality assurance management strategy, such 
as IGSM, may include: 
  

• Quality Management 
 Acceptance-on-Zero defects (AoZ) 
 Targeted data evaluation 
 Quality metrics generation 
 Reduction in the level of effort required for QA 

• Process Management 
 Use of quantitative statistics supports quality metrics 
 Standard documented process is deployable to all products/regions 
 Repeatable process may be verified by audits 
 Integration with other quality processes/tools 

• Best Practices 
 ISO 19114:2003 Geospatial data quality standards 
 MIL-STD-1916 (or ISO 21247:2005) Product testing standards 
 Supports ISO 9001:2000 Quality Management guidelines 

 
  
Recommendations 
Education and training for random sampling and quantitative techniques using the 
discussed standards is the first step in moving towards a more objective quality assurance 
process. Introduction of random statistical sampling may be undertaken on an 
incremental basis, with full review and acceptance required by all parties, data producers 
and customers. A pilot program for multiple units of data production should be conducted 
to compare the results of 100% data inspection with those derived from a quantitative 
sampling plan. Careful analysis and dissemination of these results will ensure that these 
procedures are both understood and accepted by all parties. 
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Appendices 
 
Appendix A: Code Letters (CL) for Entry into Sampling Tables  
 
Lot 
Size        Verification levels       
From To VII VI V IV III II I 
2 170 A A A A A A A 
171 288 A A A A A A B 
289 544 A A A A A B C 
545 960 A A A A B C D 
961 1632 A A A B C D E 
1633 3072 A A B C D E E 
3073 5440 A B C D E E E 
5441 9216 B C D E E E E 
9217 17408 C D E E E E E 
17409 30720 D E E E E E E 

30721 
and 
larger E E E E E E E 

 
Source: MIL-STD-1916, Table I. 
 
 
Appendix B: Attribute Sampling Plans 
 

 
 
Source: MIL-STD-1916, Table II.  

        Verification levels          
Code 
letter T VII VI V  IV III II I R  
    Sample size (n5)      
A  3072 1280 512 192 80 32 12 5 3  
B 4096 1536 640 256 96 40 16 6 3  
C 5120 2048 768 320 1285 48 20 8 3  
D 6144 2560 1024 384 160 64 24 10 4  
E 8192 3072 1280 512 192 80 32 12 5  
           
           
Notes: A. When the lot size is less than or equal to the sample size, 100 percent attributes inspection is  
  required.         
 B. One verification level (VL) to the left/right of the specified normal VL is the respective  
  tightened/reduced plan. Tightened inspection of VL-VII is T, reduced inspection of VL-I is R. 
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