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ABSTRACT:

With the development of technology and geospatial equipment, more and more work, particularly covering a big area survey and
mapping work, are conducted with different worker and equipment, or heterogeneous time variation. With the traditional data
quality focus on the geospatial data quality itself, which is not include the work files and organization. Facing the heterogeneous
characteristics of geospatial data and work organization, a full life data quality workflow was proposed to manage and control
geospatial data quality. The proposed workflow is extended to include the file preparation, quality evaluation, and quality
calculation phrases. It is demonstrated in one real data quality project, which include vector data, raster data and other geospatial
data covering 160 thousands square kilometers and 300 work zones finished by 8 teams. The usability and reliability were

validated in our work.

1. INTRODUCTION

Data quality is crucial for the reliability and usage of data,
which provides benefit for many application and services such
as urban planning, land sources and natural disaster
management(Basiri et al., 2019; Birigazzi et al., 2019; Kitchin
and McArdle, 2016; Li et al., 2020). As stated in many
literature(Huang et al., 2019; Jing et al., 2019; Kilkenny and
Robinson, 2018; Najafabadi et al., 2015), “garbage in, garbage
out”, which is a big challenge for various data. The poor data
quality will lead to the bias decision or analysis result. The
volunteered  geographic information (VGI) data and
government authorized data are facing this challenge. Since the
born of VGI (Goodchild, 2007; Zhang and Zhou, 2018;
Yamashita and Seto et al. 2019), as a crowdsourcing collected
data, it impended the academic research and business. In the
VGI research field, the data quality is a buzz word. Many
works dedicated to this research topic, such as earth system
science data quality management and control(Sun and Wang,
2010), reviewing on measures and indicators of VGI data
quality(Antoniou and Skopeliti, 2015; Fonte and Antonio et al.
2017; Wu and Clarke et al. 2020) and challenge study on
crowdsourced geospatial data quality(Basiri et al., 2019;
Adhinugraha and Rahayu et al. 2020). These work focused on
the data overall or relative data quality. The word
“uncertainty” is well proper to descript its quality. That is, the
different data accuracy may be allowed for neighbour spatial
objects or the same area.

However, for the government authorized geospatial data, the
absolute data quality is very important. Meanwhile, the same
quality indicators are necessary thing for the whole data even if
collected with different worker and equipment, or
heterogeneous time variation. Therefore, for one geospatial
data quality evaluation work covering a big area such as one or
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two states, how to manage and control data quality is a hard
work in practice.

With the sharply development of information communication
technology and internet application, the usage of geospatial
data has been changed increasingly. Excepting for the
professional users, it may be used by personal users for their
interests with non-professional scenario. It is also possible
used in many professional or non-professional software
(Elshaw Thrall and Thrall, 1999; Goodchild, 1995; Devillers
2002). Geospatial data can provide services for decision-
making and other system. Consequently, its quality is very
crucial.

Generally, the data quality evaluation work is more like a
working project without academic topic. In fact, how to
organize the all procedures of work, data sampling method and
data indicators are all including the research value. Therefore,
in our work, facing the heterogeneous massive geospatial data
collected by different workers and equipment at various time, a
full life data evaluation workflow was proposed, and a praxis
in one project was demonstrated in our work.

The remainder of this paper is structured as follows. In Section
2, the objectives of our work are introduced. Section 3 presents
our contributions, a full life geospatial data evaluation
workflow. The research application was shown in Section 4.
Finally, Section 5 shows the simple result, furthermore
provides some concluding remarks and proposes some future
work.

2. OBJECTIVES
The objective of this paper is to provide a full life data

evaluation workflow that support massive government
authorized data quality control and management. This goal is
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achieved based on the work preparing, key technologies
validation, and the data itself quality evaluation. Finally, by a
praxis on one project, the usability and reliability of this
workflow was demonstrated.

3. FULL LIFE DATA EVALUATION WORKFLOW
AND PRACTICE

3.1 Concept of Workflow

The proposed workflow under the guideline of data quality
principle, “two-level data inspection, one-level data
acceptance”. For the two-level inspection, which is carried in
the data procedure stages by work unit and department. This
work is a kind of self-check by some criteria. The one-level
acceptance is a third-party inspection of their all work,
including geospatial, the organization of data collection, and
the key technologies validation work. Our work is belonging to
this one. From aforementioned description, we can see this
work is a wide concept outside the geospatial data itself.

‘ Preparation phase ‘

Evaluation phase

Key technologies ]

[ Organization |nspect|on} [ inspection

[ Quality metadata ][

Spatial data quality ]
inspection

inspection

‘ Evaluation calculation and
report writing phase

Figure 1. the data quality evaluation workflow

Figure 1 gives the proposed full life workflow. The workflow
includes three phases as shown in Figure 1. For the
preparation phase, the documents and files about the
evaluation geospatial data were collected, about including
project files and technological documents. The evaluation
phase is the most important work, which covers all business
work of evaluation. The data sampling, data accuracy
calculation and other related works were conducted. The third
phase is the data quality synthetic calculation and report
writing work. In where, the calculation of data quality is almost
based on the weighted calculated. For the weight of each
element is decided by data type and experts’ experience.

This assessment workflow is applied to a major provincial
engineering project, including 1 project management unit, 1
project lead unit, and 8 production units. The data results
include the surveying and mapping benchmark system (the
buried and observed GNSS observation points, the second-
class levelling route with a length of about 2000 kilometres),
the digital Orth-image (about 160,000 square kilometres), and
the digital elevation model (about 160,000 square kilometres).
Meters), terrain element data (about 300 survey areas).

3.2 Preparation

The evaluation preparation work includes three aspects: data
collection, personnel organization and plan formulation.

(1) Data collection is the work of sorting out data sources for
quality inspection. The required data includes, but is not
limited to, organizational management documents, technical
regulations, and quality management regulations. Based on
these data, the inspectors can quickly understand the project
background, progress, and related results to facilitate
subsequent project evaluation.

(2) The determination of the technical plan is the core content
of the preparation for quality inspection. The specific
evaluation content and evaluation method should be included
in the technical plan. For a certain inspection item, it is
necessary to design the corresponding evaluation indicator and
construct a table to record the inspection result.

(3) Personnel organization is the establishment of related work
groups or institutions for quality inspection. The needs of
personnel are mainly based on technical solutions to achieve a
perfect match between personnel and work. After determining
the personnel, carrying out targeted personnel training is also
one of the very important tasks in personnel organization.

3.3 Organization Inspection

The purpose of organizational management evaluation is to
investigate the organization and operation of the project. This
work is mainly based on the organization and management
documents collected in the early stage, related rules and
regulations, task arrangements, equipment maintenance and
other aspects. The method of work development is mainly to
refine the specific content of the inspection items, establish
evaluation indicators, and comprehensively analyze the project
organization and management model and the operating
mechanism of the organization by means of quantitative
scoring. Through the above steps, we can evaluate the
scientific, rationality and applicability of organization
management.

A table is given below to show some of the specific content and
indicators of the organizational structure inspection.

Inspecting Item detail information and some
Item indicators
1.  Whether an organization and
management  institution  with  clear

responsibilities has been established;

2. Whether the management organization
is operating effectively and performing its
duties due diligence;

3. Whether the project organization unit
has implemented its responsibilities in
terms of implementation plan formulation,
technical design preparation, quality
management, results acceptance, results
submission, and data archiving.

1 Whether it has formulated management
rules and regulations involving project

Organization

management,  technical  management,
safety production management, quality
management, results inspection and
Management o
L= acceptance, results submission, and data
guidelines

archiving;

2. Whether the established management
rules and regulations can be applied to the
needs of management during project
implementation, and provide management
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system guarantee for the orderly and
standardized implementation of the
project.

1. Whether a competition mechanism has
been introduced in the task
implementation;

Competitive | 2. Whether the contract has been signed
mechanism with the bid-winning unit through
government procurement methods such as

bidding and  bidding, specifying
responsibilities, rights, and benefits.
Logistics support 1. Whether the

equipment can meet the production needs

Logistics of domestic and foreign industries;

support 2. Whether to carry out the calibration and
appraisal of the equipment according to
the requirements.

Education 1. Whether the project participants have

and training | carried out training related to professional

technology, production
confidentiality education, etc.;
2. Whether the production personnel have
passed the relevant assessments, and have
the qualifications and ability to work.
Table 1. Organization inspection item

safety,

3.4 Key Technologies Inspection

Technical management evaluation is based on technical
management  documents,  project design  documents,
professional design documents, data regulations, technical
standards, and new process development records. Among them,
key technology research and application demonstration reports
are key documents, because these represent the advancement of
technology and the applicability of applications. The purpose of
this evaluation is to investigate the innovation and operation of
technology, evaluate the scientific level of technology
management, and evaluate the applicability of new
technologies.

The technical evaluation work includes:

(1) Check whether the project has established a technical
management system by consulting relevant technical problem
management documents and communicating on-site. In the
implementation of the project, whether the technical
management related work is effectively implemented, and
whether the technical problem handling mechanism is
effectively operating.

(2) Conduct interviews with production personnel by
consulting technical materials such as formulated standards
and technical regulations, project design documents, and
professional technical design documents to assess whether
actual production is carried out in accordance with standards
and technical designs, and whether technical standards and
technical designs are standardized, Complete, whether the
approval procedure is complete.

(3) Evaluate whether the design and production process match,
whether the new technology and new equipment are complete.
These tasks are generally carried out by consulting technical
documents, trial production reports, and on-site inspection of
production processes.

(4) Through expert review opinions on the key technology of
the project, watch the demonstration on the spot, and check
whether the key technology research and promotion and
application have been carried out in accordance with the
overall design requirements.

The detail contents for technological inspection are shown
below in Table 2.

Items Content
1.Whether a technical management and
technical problem handling mechanism has
been established?
Technology 2.If established, whether the technical
Management management and technical problem handling
System mechanism are operating effectively?

3. Whether the technical design preparation
is standardized and complete, and whether
the approval procedures are complete?

1. According to the dataset situation, whether
Standards and | the relevant standards and technical
technical regulations have been formulated?
regulations 2. Whether it can guide the data update and
formulation quality inspection work of the basic
geographic information?

1. Has the project design and professional
technical design been carried out in
accordance with the overall design technical
requirements?

2. Does the production process meet the
technical design requirements?

3. Is the production process popularized and
applied on the basis of new technology tests,
formation of technical routes and methods,
and trial production verification?

Technical
process

1. Has the key technology research been
carried out in accordance with the overall
design requirements, and is it in line with
expectations?

2. Has the key technology been promoted and
applied in production?

key
technology
research

Table 2. Technical management inspection content

3.5 Quality metadata inspection

Quality evaluation is an output evaluation. The quality
assessment materials mainly come from the quality
management document regulations, the quality inspection
process, the approval form for the use of surveying and
mapping results, the inspection record form for the results, and
the data inspection report. The work is mainly to evaluate the
scientific and rationality of the quality management system and
the quality characteristics of the data by comparing quality
inspection standards with production processes and data
products.

This work includes:

(1) Check whether the contents of relevant quality management
documents are complete, whether the formulation is
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standardized and reasonable, whether a quality assurance
system has been established, and whether a quality
management operation mechanism has been established.

(2) Check whether the table item settings are complete and
reasonable, whether the records are complete, and whether the
storage is standardized. This includes the meeting sign-in form,
training personnel record form, surveying and mapping results
use approval form, quality inspection record form, etc.

(3) Check whether the sampling ratio of inspections at all
levels meets the requirements, whether the record content is
complete and standardized, whether the quality problem
description is clear, whether the score is reasonable, whether
the inspection report is standardized, etc., conduct inspections
to evaluate whether the quality management system is
operating effectively. The detail contents for quality inspection
are shown below in Table 3.

meet, and are the inspection contents and
records complete?

4.Does the secondary inspection inspection
ratio comply with the inspection content,
whether the inspection content and records
are complete, and whether the result quality

evaluation and inspection report are
standardized?
5. Is the acceptance inspection ratio

consistent, whether the inspection content
and records are complete, and whether the
result quality evaluation and acceptance
report are standardized?

Items Content

1. Is the system management-related
reference document information accurate,
complete and applicable?

2. Are the formulated quality policy and
quality objectives reasonable?

3. Is the quality policy documented?

4. Are the countermeasures for risks and
manuals and | Opportunities correct and feasible?

other program | 5-Do the resources of the support system
files meet the management needs?

6. Are the contents of environment, safety
(including data confidentiality), occupational
health, etc. complete, scientific and
applicable?

7. Is the quality assessment reference and
process quality control standardized?

Management

1. Has a quality management and quality
issue  responsibility  mechanism  been
established?

Quality 2. Can it guide the effective operation of
assurance quality management and quality problem
System responsibility mechanisms?
3. Has a clear quality problem handling
mechanism been formed?
1. Are the quality level responsibilities clear,
without overlap or overlap?
Quality 2. Is the definition of the two-level inspection
management | @nd acceptance system clear?
operation 3. Are inspection and  acceptance
mechanism responsibilities and objectives clear?

4, Is there a mechanism for
unqualified results?

handling

1. Is the type of record form complete and
applicable?

2. Is the setting of the record table items
complete and reasonable to meet the
characteristics of controllable, traceable, and
convenient management?

3.Does the first-level inspection check ratio

Record form
and inspection
record

Table 3. Quality inspection content

3.6 Spatial data quality inspection

The quality evaluation of the results adopts a sampling
inspection mode. Among the completed results of the project,
the samples to be inspected shall be selected and quality
inspections shall be carried out in accordance with the relevant
standards and regulations of the current quality inspection of
the results. At present, the sample extraction work is mainly
implemented in accordance with the provisions of GB/T
24356-2009 "Quality Inspection and Acceptance of Surveying
and Mapping Results” and GB/T 18316-2008 "Quality
Inspection and Acceptance of Digital Surveying and Mapping
Results". At the current stage, the result quality assessment
work is mainly applied to several achievements such as
surveying and mapping datum (geodetic datum, elevation
datum), digital orthophoto data, digital elevation model data,
and topographic element data.

Quality elements are the key components in data quality
inspection. For an instance, the quality elements in geodetic
datum are listed in Table 4.

Qualit
Y Sub- Inspection item Met-
eleme element hod
nts
Mathe | Accordance of the error of
matical | the point position and the
accurac | relative error of the side
y length
Data | Observ The ra}tionaligy . of
qualit | ation mstrume_ntlnspectlon items, | man
y quality observation methods, data | ual
and records, etc.
Calcula The_ corre_ctness of the
ted startln_g point, data usage,
quality f;on)pllance of  various
indicators, etc.
Point record and custody
procedures, observation
Finishi | handbook, calculation
. man
ng results, technical summary,
Docu . . . ual
ment quality mspecnqn rgport and other
qualit standardization and
regularity
y Docum | Completeness and
ent completeness of technical | man
integrit | summary, inspection report, | ual
y and submitted materials

Table 4. Quality elements in geodetic datum
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4. APPLICATION
4.1 Dataset

This assessment involves a major provincial engineering
project, with 1 project management unit, 1 project lead unit,
and 8 production units. The data set involves a surveying and
mapping benchmark system (40 GNSS B-level points and 30
C-level points that have been buried and observed, and a
second-class level route with a length of about 2000 kilometres
that has been observed), digital ortho photos (about 16 10,000
square Kkilometres), digital elevation model (about 160,000
square kilometres), topographic feature data (about 300 survey
areas).

4.2 Result of data inspection

In terms of organizational structure, the organization has a
sound organization, a sound management system, sophisticated
technical equipment, strong logistics support, and significant
effects of education and training. This earned an excellent
score.

For the inspection of technical management, the data
production unit has established a complete technical
management system; the content is complete. The data
producer has very well constructed standards and technical
regulations that are in line with regional characteristics, which
provides non-technical guarantees for data quality. The
production process developed by the project can meet the needs
of basic geographic information data update and application. In
addition, the key technology of data production is forward-
looking, in line with the overall design requirements of the
project, and has been promoted and applied in production. This
earned an excellent score.

In the production of the data set, the project party has
established a complete quality management system, which
effectively guarantees the data quality. The file classification
system of the data set is complete, the classification and
content are standardized, all kinds of records are complete, and
the preservation is standardized. This gets a good score.

In summary, the data quality of this project meets the technical
design requirements, and the overall quality of the results is
excellent.

5. CONCLUSION

In our work, a full life data quality evaluation workflow was
proposed. The usability and reliability of the workflow was
validated through the praxis on one real project. The whole
datasets include vector data, raster data and other geospatial
data covering 160 thousands square kilometres and 300 work
zones finished by 8 teams’ collaboration work. The
organization quality is evaluated by the ISO standard and
domain specific files. For the data quality calculation, the
weighted concept was adopted and the quality of dataset was
evaluated. For the reliability of weigh for each element, we
will continuous work on it in future.
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