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AEN/CTN 148

Objectives

= Why? —> Why we introduce a new method?

= How ?—> How this new method works?. We Present
the relevant issues of the method (ISO 2859, coupled
model...)

= What ?—> What is proposed by this new method. We
present the relevant issues of the proposal (UNE
148002)

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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Content / Program_

= =

= Introduction & concepts

" Analysis of Positional Accuracy Assessment [ \ypy?
Methods (PAAMsS) (Problems)

= Objectives for the new method
ISO 2859-1 & ISO 2859-2

Iso 2859-1 & ISO 2859-2

How?

= Adaptation for dealing with positional errors

Two examples: lot by lot, isolated lot

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
[ |

Pros & Cons of the adoption of ISO 2859-1 e ISO 2859-2

= The proposal 148002 What?

= Future works
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mportance N - fiENOR

Importance of p03|t|on/Iocat|on
Posmonal accuracy |s now of great importance

In general:

sIncrease of use of Gl implies increasing
demand of quality.

*SDI need interoperability.

*GNSS allow everybody to get
coordinates.

Evolution of GNSS Performance

- ® Demanding applications:

w ‘Intelligence.

*Military applications (eg weapons and
missiles)

Unmanned vehicles (UA).
*Navigation.

*Precision farming.

Etc.

Improved /
resisiance lo
interference

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

Presentation of the proposal of the Spanish Standard UNE 148002 for Positional Accuracy Control

_ﬁ‘“‘
Madrid October, 2015 eurogeographics | PLENARY MEETING OF THE QUALITY KNOWLEDGE EXCHANGE NETWORK



AEN/CTN 148

Importance

Importance of p05|t|on/Iocat|on

= Renewed importance due to positioning techniques (GNSS, GPS,
INS, etc.).=> Precise positioning.

= Importance of new surveying techniques (LIDAR, etc.).=> Precise
capture, non normally distributed data.

= |mportance of interoperability requirements.—> Data integration
and precise uses.

= Seamless continental applications. - Absolute positioning.

REACTION:
- Positional accuracy improvements programs (PAI):

Germany, Australia, EEUU, France, UK, Switzerland ...

- Revision of the PAAM and standards.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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Concepts

What means position?

= Way of referring to the location of objects in space.

= Here we are interested in what is called "direct positioning" or
“by coordinates"” (ISO 19111), as opposed to "indirect
positioning"” or “by geographical identifiers" (1ISO 19112).

= |n this case a system to refer the coordinates (datum, ellipsoid,
longitude, etc.) it is needed.

Many times the position of spatial objects

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

has error when recorded in spatial data sets

—= CONTROL 1S NEEDED <—
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Concepts

Error and uncertamty

Error and uncertainty are key concepts.

Error: The discrepancy between two values that are supposed to be
equal.

eXi — th o XmI eyl — ytl o ymi e . — Zt _ Z
Possible errors:

= Blunders or Mistakes —> elimination and the use of methods
that reduce the possibility of occurrence, etc.

= Systematic or bias (constant or variable) —> detection and
correction, models...

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

= Random —> are not removable, MODELS are used to model such
errors.
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Concepts

Error anduncé?taiﬁtgl :

Uncertainty: Non-negative parameter characterizing the
dispersion of the quantity values being attributed to a
measurand, [VIM, 2007].

Error: The difference between a measured value of a quantity
and areference value (conventional value or true value)
[VIM 2007]

Increasing Trueness

Accuracy: The closeness of agreement between a test result
and the accepted reference value. [ISO 3534-1]

ACCUFacy = Trueness + precision Increasing Precision

Bias component Random component

Trueness: The closeness of agreement between the average
value obtained from a large series of test results and an

accepted reference value. deal

situation

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

Precision: The closeness of agreement between independent
test results obtained under stipulated conditions.
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Concepts

Error and

un e} taih —

es

> In each PAAM a statistical base model for error is supposed

For majority of cases: The Gaussian or Normal model is assumed

Many studies point that this is WRONG. This hypothesis is NOT true

Other base models for positional uncertainty in SDS
® LIDAR (Maune, 2007): Without a parametric model (distribution free)
® Manual digitizing (Bolstad et al 1990): Bimodal

®*Digitizing (Tong & Liu, 2004): p-norm (Normal + Laplace)

®Geocodification (Cayo and Talbot 2003; Karimi and Durcik 2004, Whitsel et al.
2004): Log normal

® GNSS Observations (Wilson, 2006; Logsdon, 1995): Raleigh, Weibull

(c) Francisco Javier Ariza Lopez / fjariza@ujaen

® Other models that are mentioned: Folded Normal, Half Normal, Gamma
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National Map Accuracy Standard (1947)
by USBB.

Accuracy Standards for Large Scale
Maps (1990) by ASPRS

Engineering Map Accuracy Standard
(1983) by ASCE

National Standard for
Accuracy (1998) by FGDC
STANAG 2215 by NATO.
ASPRS Positional Accuracy Standards
for Digital Geospatial Data (2014)

Etc.

Spatial Data

Madrid October, 2015
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How is controlled the positional accuracy? —> PAAMSs
There are many positional
methods (PAAMs) available:

accuracy assessment

United States National Map Accuracy Standards

With a view to the utmost economy and expedition in producing maps which fulfill not only

the broad needs for standard or principal maps, but also the reasonable particular needs of individual
agencies, standards of accuracy for published maps are defined as follows:

o

Lo

-1

Issued June 10, 1941

. Horizontal accuracy. For maps on publication scales larger than 1:20,000, not more than 10

percent of the points tested shall be in error by more than 1/30 inch, measured on the publication
scale; for maps on publication scales of 1:20,000 or smaller, 1/50 inch. These limits of accuracy
shall apply in all cases to positions of well-defined pointsonly, Well-defined points are those that
are easily visible or recoverable on the ground, such as the following: monuments or markers,
such as bench marks, property boundary monuments; intersections of roads, railroads, etc.;
comers of large buildings or structures (or center points of small buildings); etc. In general what
is well defined will be determined by whatis plottable on the scale of the map within 1/100 inch.
Thus while the intersection of two road or property lines meeting at right angles would come
within asensible interpretation, identification of the intersection of such lines meeting at an acute
angle would obviously not be practicable within 1/100 inch. Similarly, features not identifiable
upon the ground within close limits are not to be considered as test points within the limits
quoted, even though their positions may be scaled closely uponthe map. In this class would come
timber lines, soil boundaries, etc.

Vertical accuracy, as applied to contour maps on all publication scales, shall be such that not
more than 10 percent of the elevations tested shall be in error more than one-half the contour
interval. In checking elevations taken from the map, the apparent vertical error may be decreased
by ing a horizontal displ within the permissible horizontal error for a map of that
scale.

T'he accuracy of any map may be tested by comparing the positions of points whose locations
orelevations are shown upon it with corresponding positions as determined by surveys ofa higher
accuracy. Tests shall be made by the producing agency, which shall also determine which ofits
maps are to be tested, and the extent of'the testing.

Published maps meeting these accuracy requirements shall note this fact on their legends, as
follows: “This map complies with National Map accuracy Standards.”

Published maps whose errors exceed those aforestated shall omit from their legends all
mention of standard accuracy.

When a published map is a considerable enlargement of a map drawing (manuscript) or of a
published map, that fact shall be stated in the legend. For example, “This map is an enlargement
ofa 1:20,000-scale map drawing,” or “This map isan enlargement of a 1:24,000-scale published
map.

. To facilitate ready interchange and use of basic information for map construction among

all Federal mapmaking agencies, manuscript maps and published maps, wherever economically
feasible and consistent with the uses to which the map is to be put, shall conform to latitude and
longitude boundaries, being 15 minutes of latitude and longitude, or 7.5 minutes, or 3-3/4 minutes
in size.

1.5, BUREAU OF THE BUDGET

Revised April 26, 1943
Revised June I7, 1947

PLENARY MEETING OF THE QUALITY KNOWLEDGE EXCHANGE NETWORK
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Table 1. Summary of Reviewed Aspects of Analysed Positional Acoiracy Assessment Methodologics

" MILSTI
o NMAS EMAS ASLMS GO001 MNESDA STANAG
c Marmne: name of the standard ilal [2a) (3a) [4a) (5a) ()
Q
@ Origin: organization USHBB (1h) ASCE (Zb) ASPRS (3b) [DODidb) FGDC (5h) MNATO (6h)
1—
) [Date: year of publication 1547 1985 1950 19490 1998 o0z
@ Formal aspects: adherence of the document to a conventional strichime 1 2 2 3 4+ 5
S of a standard. The follbwing levels ame assigned: null=0; very scace=1;
- scarce =2 med um=3; appropride =4; very complae =35
E Sheet, Iot of sheets or a series: indication of the type of element to which Map Area Sheet Area Area Area
: the control is applied
N Tsolaredfow: whether the control is supposed on isolated elements — — — — — — \8 i
(0] (e.g., sheet or lot) or in a contimious process (e.g., lot by lot process) O LO -
\8 Scales: if theme is a distinction or recommendation based on scales All =00 = 0,00 Al All = 25 10 (- @ 8 3
| Control elements: if there is an explicit indication to use point elements Yes Yes Yes Yes Yes Yes ® ™ 0 ]
© as contml elements S O — L
N Sample size: recommended minimum size for the control sample — 20 20 — 20 167 LL N LLd
= Typology of control points: if there is an indication of the typology — — — — — Yes 2 —
< of the control elements
E Spatial distribuion: if there is a guide about the appropnate spatial — — Yes — Yes Yes
— distribution of the control sample
% Sub-regions: if there is a proposal for using subregions in the event — — — — — Yes
v} of diverse accuracies
o Precision of the sampling: suggested precizion needed for the contml — I Ix — Ix Sx
8 sample
6 Absolute accuracy : consideration of this qualty subelement Yes Yes Yes Yes Yes Yes
c Relaive accuracy : consideration of this quality sube lement — — — Yes — Yies
E Basic hy pothesis testing: if there is an indication to peform these tests — — — — — —
L Implicit nommality : it the normality (Gavssian distnbution) is assumed Yes Yes Yes Yes Yes Yes
G Outliers: it there is an indication conceming their elimination or how to Yes Yes Yes — Yes Yes
o/ deal with them
Bias: if there is an indication of how o deal with it — Tes — Yes — Tes
RMSE: it the root mean squared arror is the proposed uncertainty — — Yes — Yes —
e asure
Mean and deviation: if the mean and standard deviation are the proposed — Yes — Yes — Yes
measures
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PAAM

Analysis of PAAMs

Table 1. Summary of Reviewed Aspects of Analyaed Positional Acouracy Assessment Methodologies

MILSTLD

NMAS EMAS ASLMS 60001 MNSSDA  STANAG
Mame: mame of the standard (la} 12a) 1 Za) (a) (5a) ()
Planimetry: if the application to the horizontal component is considerad Yes Yes Yes Yes Yes Yes
Altimetry: if the application to the vertical component is considersd Yes Yes Yes Yes Yes Yes
At the application to 313 cascs is considerad — — — — — Yes
AY displacement for Z:0F a planimetric shifting for altimetric adjusting Tes — Tes — — —
is possible
Circular/linear: if planimetnic components (XY are analyzed together L L. L. C C C
{eireular) or independently (lincar) \8 i
Categories: if the use of accuracy categones is proposed — — Yes Yes — Yes O 0 G_;
DEM: if there is an explicit consideration of the application of the method — — — — Yes Yes C o n O
to digital elevation models © ) o+
Expression of results: type of report o indicate mesults (pass/fail=1; 1 1 2 3 3 3 LT O _— L
classification=2, value= 3] . (f) L
General information: an indication of the information includad in the | 2 2 4 4 5 2 f—

specification and in the presence of recommendations, examples,

calculation examples, etc. The following scale is used: null=0; very

scarce = | ; scarce= 2, medium=13; appropriate=4; very complete=3

Probahility of the mesult: the probability level considered for the result a0 =) =) o0 Q5 o0
ot the assessment

Uncertainty of the method: if there 15 an indication of the uncertainty — — — — — Yes
of the contral methodology itself (10%]

k=3
e
e
™
£
h

Global valoation: a global score evaluation following the scale: very bad
U1k bad (2) functonal (3); good @) and very good (5], assigned by the
authors of the work as a subjective global evaluation of the method
Mote: Blank spaces indicate that the standard analyzed did not deal with this aspect. la=Mational Map Accuracy Standard, 1b=00%5 Bureau of the Budget:
Za=Engincering Map Acaimcy Sandard; 2b=Amencan Society of Civil Engineers, 3a=acouracy standard for large scale maps, 3b=Amernican Society
of Photogrammetry and Remote Sensing; da=military standard; 4b= 1.5, Department of Defense; 5Sa= Matiomal Standard for Spatial Data Accumcy,
Ab=Federal Geographic Data Committes; Ga=standard agreement; &b =North Atlantic Treament Org an iation.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

Bias: if there is an indication of how o deal with it — Yes — Yes — Yes
EMSE: if the root mean squared aror is the proposed uncertainty — — Yes — s —
Mz asure
Mean and deviation: if the mean and standard deviation are the proposed — Yes — Yes — Yes
Measures
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The PAAMS can be considered from two perspectives:

From the quality point of view:

® Estimators for the quality assessment: The quality of a product (population) is
determined by means of a sample. An outcome (estimation) without trial for
acceptance or rejection occurs.

®Acceptance rules for quality control: determine whether the quality of the product
reaches specifications. A judgment is given on whether to accept or reject the
product.

From a statistical perspective:

® Estimation: reliable determination of avalue .

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

®Contrast: reliable determination of whether a condition is met.
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Base model for errors (uncertainty)

® The assumed model is the Gaussian (NORMAL)

*Some times explicitly and others implicitly.

Other required hypotheses are:

= randomness In general, nobody test
= no outliers these hypotheses!!!

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

= independency between error components

Presentation of the proposal of the Spanish Standard UNE 148002 for Positional Accuracy Control

Tt
Madrid October, 2015 eurogeographics PLENARY MEETING OF THE QUALITY KNOWLEDGE EXCHANGE NETWORK

15



AEN/CTN 148

PAAM

— =

Analisis of PAAMSs

We have tested many of the PAAMs by Simulation

® We worked with synthetic

data.
® Values from a N(0,1). S e
- [ =] [2z70 |
® Controlled correlation.

Fichero [ = Simulada |

® Controlled contamination.

® Spatially well distributed.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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Analysis of

Simulation of populations

PAAMS

[
.

Parameters of the control Test:
1) Global confidence level (1-a)
2) Admited variability (0}

Simulation of samples

Parameters of the control Test:
1) Global confidence level (1-a)
2) Admited variability (o)

v

Population
(Nex = Ney = 1000 points) of

N(0, 1) random errors

n
@
c
Q
@®©
—
>
®
@®©
N
=
@®©
)
~ SIMULATION
N ' OF POPULATIONS [
o
o Syntethic generation of populations SIMULATION
‘0 (Nex = Ny = 1000 points) of Random extraction of / different OF SAMPLES
- N(0, 1) random errors samples with "m" elements
@ (m =10, 20, 30, 40...)
N Repeat the process
= for different
< values of ! Application of the battery of tests
E O-= to the sample
S 1.00 " . Repeat *——-—‘—'*v
© 0.975 Slmu|atI0ﬂ Of Samples the process XY systematic error XY “m‘ite‘! variability Repeat the
Law] 0.95 (Figure 1) (x 100) detection through dete'::tlon through a piboess
o] 0.925 +-Student test Chi-Squars test {x 1000)
O —
9
2 0.725 F i
E 0.70 [ Counters of partial ]
results
L A
~
NI
/
( Counters of
partial results Result:
K Mean % of acceptance
l for each sample size
Presentation of the proposal of the Spanish Standard UNE 148002 for Positional Accuracy Control 17
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Analysis of

2.5

1.5

0.5

o

0.5
0.45
0.4
0.35

0.25
0.2
0.15
0.1
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0.05 ==

0

0.3 -

PAAMS

——NMAS_1

20 40 60 80 100 120 140 160 180 200 220 240 260

NMAS_2
m—— ASPRS
— NSSDA
—Frances
——=STANAG_Or
STANAG_U
Elipse
Percentil
EMAS

NMAS_1

NMAS_2

ASPRS

NSSDA

20 40 60 80 100 120 140 160 180 200 220 240 260

Francés

STANAG_Or

Estimation

For each analyzed method the figure
presents:

» The standard deviation estimation oxy
for the cases that pass the control (Y-
axis in meters, X-axis is sample size)
(100samplesx20Populations)
*Precision of the estimation of the
standard deviation oxy for the cases
that pass the control (Y-axis in meters,
X-axis is sample size)

They work in a very similar
fashion

Attention: estimation
requires large
sample sizes
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PAAM

Analysis of PAAMs

Control

i
S 100.00 They do not work in a
% similar fashion.

90.00
% The RESULTS of
E 80.00 L acceptance/rejection
= ARE NOT COMPARABLE
N 70.00
& = = =NMAS_EG
.|
o BOE0 = NMAS_EP
N
% 5000 === B . ASPRS
o - ™ - o - v - e [ S - —
£ 40.00 NSSDA
@©
2 / — = FRANCES
9 30.00 — =
2 / e STANAG
c 20.00
g / ELIPSE
LL
g % / = = =EMAS
o/

0.00 I I [ I I

0 50 100 150 200 250
Comparison of some PAAMs working as acceptance/rejection methods (Y-axis acceptance probability, X-axis sample size)

(100Mx20P, Ninguno)
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PAAM

AnaIyS|s of PAAI\/IS
IN SUMMARY, PAAMS HAVE PROBLEMS:

standardized report.
» Control elements - only well defined points ‘

e Operational procedure = only control of isolated SDS

o Statistical problems:

« The main underlying assumption is the normality of the errors.
This assumption has disastrous results if not satisfied (e.g. ISO
3951)

« Another common underlying hypothesis is the equality (or near
equality) of error distributions in all components (ie ox=cy).

 As indicated in numerous studies, positional errors do not
always follow a normal distribution.

e OQOutliers should be removed as they affect the results, but do
not exist uniform criteria.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

Presentation of the proposal of the Spanish Standard UNE 148002 for Positional Accuracy Control

Madrid October, 2015 eurogeographics | PLENARY MEETING OF THE QUALITY KNOWLEDGE EXCHANGE NETWORK

20



AEN/CTN 148

Goals

Goals for the néwmethod

Our goals were to develop:

A simple statistical method.

« A suitable method for any error model (parametric or non-
parametric)

A method that runs on the population and not on parameters of
the population.

« A method valid for 1D, 2D and 3D data and any kind of geometries

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

(e.g. points, line strings, etc.).

A method based on international standards
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150 2859

The main |dea of the new method

UNE 148 002 basically makes two contributions:
It proposes the use of ISO 2959 for the statistical

part of the control process
It proposes a set of specific rules for managing

positional control processes spatial data

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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150 2859

Introductlon

Consists of the following parts, under the general title Sampling procedures for inspection by
attributes:
« 150 2859-1:1999

Sampling procedures for inspection by attributes — Part 1: Sampling schemes indexed by acceptance guality
lirmit (ACIL) for lot-by-lot inspection
More detailz »

IND’JS TR

ELECTRONICS"

« 150 2859-2:1985

Agrd
Pharmaceutical Industry 8

Indust .
.

sampling procedures for inspection by attributes — Part 2: Sampling plans indexed by limiting quality (LQ) for
izolated lot inspection
More detailz »

' 150 2859-3:2005

Sampling procedures for inspection by attributes — Part 3: Skip-lot =ampling procedures

More detgils » Geomatics Sector:

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

- 1SO 19157
« 150 2859.4:2002 - Land Parcel Identification
Sampling procedures for ingpection by attributes — Part 4. Procedures for azsezsment of declared quality SyStem in Europe (‘] RC)
levels - Geological datain China
More detais » - National Topographic
v 150 2859.5:2005 Hydrographic Authority

. . . . . . _ in New Zealand.
sampling procedures for inspection by attributes — Part 5: System of sequential zampling plans indexed by
acceptance guality limit (AGL) for lot-by-lot inspection - Etc.
More detailz »

Presentation of the proposal of the Spanish Standard UNE 148002 for Positional Accuracy Control
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1SO 2859

Introduction

Some concepts:
 Alotis aset of elements. Lots should be homogeneous, which means that
the units in the lot should have a common origin (the same processes,
machines, operators, etc.). Examples of lots are:

«Set of images. «Set of geographic features.
«Set of maps sheets. «Set of well defined points.
«Set of metadata records . *Etc.

Sampling plan: A lot-sentencing procedure in which a decision about an
entire lot of size N is taken from the result of a random sample of size n
selected from the lot. The decision is taken by comparing the accounted
number of defects that are present in the sample with an acceptance
number c. Thus, if the lot size is N a sampling plan is defined by {n, c}.
 AQL (acceptable quality level/acceptance quality limit). The AQL represents
the worst or poorest level of quality for the production process that the
consumer would consider to be acceptable as a process average.

e Limiting quality (LQ). A quality level which for the purposes of sampling
iInspection is limited to a low probability of acceptance.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
[ ]
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= —— —

Introduction

150 2859

ISO 2859 schema of application:

Determine the appropriate “Part “ to be applied:
Case 1. A sequence (>=10) of lots = Part 1: Sampling schemes indexed by
acceptance quality limit (AQL) for lot-by-lot inspection.
CIN ey Oy e (T TN Ty T T oy
-Determine the appropriate Inspection Level to be applied:
Special inspection levels: S-1, S-2, S-3, S-4
General inspection levels: I, II, 1l

-Within the established inspection level (do not change itjj), apply the
switching rules between levels of severities in inspection in order to assure
user and producer risk.

Case 2: An isolated lot or less than 10 lots in the sequence = Part 2: Sampling
plans indexed by limiting quality (LQ) for isolated lot inspection.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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150 2859

ISO 2859-1
Severities levels in inspection < - switching rules:

* Normal. The acceptance criterion has been devised to secure the producer a high
probability of acceptance when the process average of the lot is better than the AQL.

* Tightened. The acceptance criterion is tighter than that for the corresponding plan for
normal inspection and is invoked when the inspection results of a predetermined number
of consecutive lots indicate that the process average might be poorer than the AQL.

* Reduced. The sample size is smaller than that for the corresponding plan for normal
inspection and with an acceptance criterion that is comparable to that for the
corresponding plan for normal inspection. Reduced inspection is at the discretion of the
responsible authority.

—
| Start
. -

- Current value of switching
score Is at least 30

- production steady, and S S
2 of 5 or fewer | & lots not accepted
/| - approved by the responsible R 4 consecutive lots 4 while on tightened |,

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

/| autherity \ /1 notaccepted | / inspection | ‘.\ - - h
I S N P i i / kit ittt L
. ODbjective Toensurethe
N / / \
i \ g— \— i
Z - ~
7N A YN established
{ Normal | Tightened |I Discontinue |
|, inspection ! inspection J | inspection | H
- risk levels
A 7 7 \ s
h / AN / / _— _—
N N——/ a=5%, f=10%
<4 - Lot not accepled or 4 A 5 consecutive .P N Supplier improves K
lots accepted quality |
- production irregular or |
- other conditions warrant switch
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AEN/CTN 148

ISO 2859 for posmonal quallty control

Measures

Distances
(Euclidean,
Hausdorff,

Fréechet

Mahalanobis :>

)

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

Characterizing

Based on the “Coupled Model”

CM =BIM(n,7 7 ~ BaM)

Observed and

non-parametric models C

(distribution free)

;>

Base Model

Binomial Model

Parametric Models

Normal, Log-normal, O

Weibull, Raleigh...

¢>

=

Pass/Fail
decision
Risks

a=5%, B=10%

' i Resul
measure Error behavior Control in the esults
population
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Examples of some base models

M s ot
? I Case 1D ARYLAND iz o

rrrrrrrrrrrr

-

F LIDAR 2002
1 Quality Assurance Report
/ Authored by Dewberry LLC
) / -
0.6 /

/ Tawres Ctate Office Building - 580 Talar Avenue - Annzpelis, Mandand 21401
0.2 / 10,260 AINF or Loll frese in Marylared 577620 80K « TTF users cal via Mar yland Fielay
1
T T ]

Source. Dewberry, (2004). Worcester County LIDAR 2002
Quality Assurance Report. Maryland Department of Natural
Resources.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

Presentation of the proposal of the Spanish Standard UNE 148002 for Positional Accuracy Control

Madrid October, 2015 eurogeographics | PLENARY MEETING OF THE QUALITY KNOWLEDGE EXCHANGE NETWORK

28



AEN/CTN 148
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1ISO 2859 for posmonal quallty control

Examples of some base models

ial Positioning Accuracy Standards
Pant . Natonal Stmed for Spaal Dats Accuacy

Taibde 1

S e ot s D wlations for Crder, Kessscky USG5 1., ww scale Topopmphic Qeadnagle
BMSE, = RMSE, ax
diffmx  queed dFax v {omp yimg)  &finy squared &8 in ¥ )+ sqaame soon of
FiN v (AVESRD]
n m N7 1) 1 m nos
-7 e 305747 N 400 L P b
14 198 Joamos L o 194 1400
" 196 AT » 00 08 Ha
7 " 0TES ] w0 L 0E
0 8 M e 309910 -1 1 m 40m
" 2 4 AuT -1 1 t] 118
n n ndes ) 1 m 188
" » i 1 100 ul 03
12 haran 4 s 182! arn
0 6 . . A3 5 L] n k- L] w9
. T . A7 I ELL 1” e EL ] 404
- foen 14 n N9gss <1 a8 o3 1744
1% ness L o 423 062
E) 3500 15 ns pit) 1530
0‘4 1374738 13T 7 EET U 13 169 ni 476
1370821 1300508 A 323093 -5 £ £ igs
10 1335379 135507 L men 1 1 LL L]
1388450 130 n 0812 4 113 418 2040
1347100 1HTI00 E) RS0 L] 81 425 ne
0 . 2 15070 L3SeE it} s ® 108 s [ty
/ 1354395 JE DA 16 335348 1 & ] 178
1358563 13550 7 33406 L] 23 n (L)
1145581 11485504 13 T 4 it "8 1280
m2 1375048 1T -] sipes 4 [N E—
L] L] L] L] L] L] L] L] 1 wam 10004
woeage 0064
FMsLE 0.0

40 60 80 100 120 140 1e0 180 rmpein 5

4477 BMSER

C Se 2D Source: FGDC (1998). FGDC-STD-007: Geospatial Positioning Accuracy
: Standards, Part 3. NSSDA. FGDC, Reston, USA.

0.8 o

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

INSTITUTO
0.2 GEOGRAFICO
NACIONAL

o 1 2 s a . 6 r " a 10
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1

0.8

0.6

0.4

0.2

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

Examples of some base models f

/ ‘ Cgse 2D ..

Case 3D .

0.2

-

4 5 6 7 8 9 10 11 12 13

Source: Ariza-Lépez F.J, Garcia-Balboa J.L, Urefia-Camara M.A,
Reinoso-Gordo F.J. (2012). Metodologia para la evaluacion de la
calidad de elementos lineales 3D. En X Congreso TOPCART 2012, 16-
19 Octubre, Madrid.
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ISO 2859 for posmonal quallty control

Positional defectives —> the cases to be countediij;j

Correct

~ 100% ——— BaM Ei > Tol
BIM 7 7 = P[E, >Tol]

Positional defective

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

> T : -
: -> proportion of positional
(fa” event) defectives in the BaM
established
By the given Tol
Tol
C n K K
P[F>mc|F > B(nz)]= > | r@d-7)"
k=mc+1 k
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Relation between AQL and the Base Model

f
1 -

. - - Em BaM of best quality
M=% < 0
AQL=7;=12% — BaM

T0=17% G BaM of poor
quality

AQL> 7

Quality requirements
expressed by the pair:

{Tol, 7}

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

m

0 2 4 6 8 10 12 14
Tol=13m
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Bias and outliers in the Base Model

n
o
c .
3 Outliers
=)
®
N Fi1
= _——
~ {T
aQ 0.8 -
‘O
|
®
N
E: 0.6
E - rop
i; e th Bia5
fe) 0.4 With Outlier
%)
K2
3]
c
®©
(-
L 0.2
P
)
o/
g m
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AEN/CTN 148

Example 1: lot by Iot (ISO 2859 1)

1

0.8

0.6

0.4

0.2

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

The Base Model

Principal characteristics of the product-axes and GPS-axes.

GPS field survey

CaS e 2 D Characteristics MTA10v product
subset
f

Total length 1210 Km

Total cases 1254 road

length

Total points involved

Mean points per road
segment

Mean distance between
points

Standard deviation of
points distance

Mean speed kinematic

segments
Mean length 965 m
Standard deviation of the 1671 m

28,823 points
22.98 points/road
segment

41.98 m

28.49m

survey

Positional accuracy 10.65 m (95%)

1210 Km
1254 road
segments
965 m
1671 m

122,467 points
97.66 points/road
segment

9.88 m

3.19m

35.56 Km/h

1.41 m (95%)

o 15 2 3 3 3« s (Hausdorff Distance)

Lot = Set of road segments

Segment = defined following some criteria
Size € [91, 150]

[Tol=16.13 m ; AQL = 6.5%]
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Exampgl: lot by Ioft(ISO 2859-1)

150 2859

. Special inspection levels General inspection levels
" Lot size P P P
@ s-1 s-2 S-3 s-4 I ] I
[
Q
@ 2to 8 A A A A A A B
—
é) 9to 15 A A A A A B c
G 16 1o 25 A A B B B C D
=
ICU 26 to 50 A B B C c D E
—
~ 511to 90 B B C C c E F
N
[0)) 91io 150 B B c D D D@ G
Q
\O PR Ao - ~ n E E G H
-
Sample Acceptance quality limit, AQL, In percent nonconforming items and nonconformities per 100 items (normal inspection)
| E F H J
('NU ;':; S:’:s* 0,010 | 0,015 | 0.025| 0,040 | 0,065| 0,10 | 0,15 | 0,25 | 040 | 065 | 10 | 15 | 25 | 40 | 65| 10 | 15| 25 | 40 | es | 100 | 150 | 250 | 400 | 6s0 | 1000
I: fetter Ac Re | Ac Re| Ac Re| Ac Re| Ac Re| Ac Re| Ac Re| Ac Re| Ac Re ] Ac Re| Ac Re| Ac Re| Ac Re| Ac Re| Ac Re| Ac Re| Ac Re| Ac Re| Ac Re| Ac Re| Ac Re| Ac Re| Ac Re| Ac Re| Ac Re| Ac Re : F G J K
f A 2z 1 N f 1 1 1 1 1 1 Tr| o1 F|12{z23|34]56 7 8|10 11|14 15|21 22|30 31): G H K L
Of s 3 01 1223|345 6|7 8[w011]141521 22|30 31|44 as).
; ' G J L M
(.U C 5 01 G 122 3|3 4|56 78|U1‘|‘!41521&3’0314445[\a
o i 1 o e i e ol 17T H K M N

Db 8 01| 4| ¥ 1223|345 6|7 8]0 11|14 15|21 22|30 31[as 45| 4}
o
O E 13 01 G G1E 3 4156 73!01114!52122303]4445{\ ! J L N P
()]
G F 20 FAN. R 34'55 7 8|10 11)1s 15fer 22| 4P| 4| 43 i J M P Q
% €] 32 vuiﬁ‘{}1e 23 34‘5.:75101114152122!\ K N Q R
II H o | |12|z3]|sa|se|7 80| s|a 22| T
A~ v | {;ow Dl |1 2]2a]aa|s6|7a|i0|ias21 2 9p
8 K 125 V|01 0 912 2 3|34|56 73101114152122A

L | 200 i}010012 23345 6|7 8|1011)14 15|21 22 - . _

If positional defectives <=3 > Accept
M | a5 lo1| 4| li2|2a]|sa|s6|78]|011f1a15/21 22 L. . .
-k e e e et ie el If positional defectives >=4 = Reject

N | s00 bloa| 4| |1 2]2a|aa]|se|78]0n]4s|er 22

P oo [wb|or| D |iz2]es|se|se|7 8|t0|1a1s|er 22

Q |[1250]0 1 ]T{}12 23|3alss 7a1o11|4|52122ﬁ
- B | 2000 | 4* talaalaalse|7 8l011]14 18|01 22| o 1 U

Fresentation Oor tne proposal OT Tne Spanisn Stanaara UNE 148UUZz 1or Positional Accuracy Control
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1SO 2859

Example 1: Iot by Iot (ISO 2859 1)

Positional defectives (bold): NCA=6.5%

Lot cases of measured errors [m] greater than Tol = 16.13 m N Ac-Re D

1 1.38; 8.43; 7.49; 11.7; 8.76; 5.43; 7.25; 7.65; 10.74; 2.72; 10.51; 1.57; 6.77; 7.41; 8.76; 3.25; 12.05; 4.65; 0 3-4 A
4.66; 9.59

(o) Francisco Javier Ariza Loépez / fiariza@ujaen.es

Lot ID (sequential)

Observed errors in the sample

rejection values

Count of positiona
defectives in the sample
Acceptance and

Decision about the lot
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Example 1: lot by Iot (ISO 2859 1)

(79}
z Positional defectives (bold): NCA=6.5%
o Lot cases of measured errors [m] greater than Tol = 16.13 m N Ac-Re D
=y 1 1.38; 8.43; 7.49; 11.7; 8.76; 5.43; 7.25; 7.65; 10.74; 2.72; 10.51; 1.57; 6.77; 7.41; 8.76; 3.25; 12.05; 4.65; 0 3-4 A
® 4.66; 9.59
G 2 6.31; 4.85; 10.28; 4.09; 4; 10.47; 7.38; 6.16; 1.81; 7.6; 11.12; 6.58; 1.62; 5.47; 5.71; 3.05; 4.99; 3.54; 9.62; 0 3-4 A
= 2.67
@©
= 3 13.14; 6.57; 6.26; 3.63; 11.58; 8.01; 3.25; 1.85; 8.5; 4.64; 8.01; 2.72; 11.88; 10.31; 5.63; 11.28; 4.04; 9.47; 0 3-4 A
~ 6.35; 6.21
o 4 7.75; 3.6; 7.05; 10.18; 4.05; 1.33; 8.19; 4.42; 3.77; 8.73; 1.88; 17.22; 11.58; 5.89; 10.53; 8.23; 4.24: 10.72; 1 3-4 A
\8 11.71:5.35
| 5 10.24; 9.52; 3.08; 17.97; 22.8; 6.94; 11.05; 3.54; 2.98; 19.46; 11.43; 11.43; 4.09; 7.25; 1.12; 9.05; 9.01; 4 3-4 R
© 15.77;5.92; 18.02
N 6 5.81; 3.04; 5.63; 5.98; 3.8; 2.81; 8.71; 3.2; 7.84; 4.4; 12.87; 11.83; 9.79; 7.02; 2.36; 10.62; 6.74; 12.62; 6.74; 0 3-4 A
j -
b 6.83
— 7 19.52; 2.71; 2.84; 6.63; 9.63; 2.94; 4.11; 21.86; 2.05; 11.19; 16.22; 9.85; 7.14; 2.61; 27.17; 4.76; 10.53; 4 3-4 R
2 11.07; 17.71; 2.92
@ .83; 5.89, ; A
~ 8.03; 17.57
3 9 2.05; 1.1; 3.07; 9.19; 7.02; 8.96; 7.6; 7.62; 4.56; 7.9; 3.26; 7.75; 10.28; 9.02; 6.47; 3.7; 8.16; 6.02; 7.27; 7.55 0 2.3 A
g 10 10.6; 8.25; 9.33; 2.6; 9.51; 9.26; 6.14; 14.86; 3.26; 10.6; 2.15; 5.12; 9.69; 12.97; 5.89; 11.14; 6.08; 2.94; 0 2.3 A
c 1.56; 3.46
© 11 2.3; 16.22; 14.59; 5.69; 3.91; 4.63; 14.25; 6.82; 8.56; 5.2; 3.73; 15.46; 4.87; 1.77; 7.17; 5.78; 16.42; 2.79; 1 2.3 A
LL .
5.1; 4.74
g 12 4.38; 8.23; 10.24; 3.61; 11.81; 7.25; 2.03; 8.92; 2.93; 10.43; 13.89; 3.92; 5.23; 11.87; 1; 5.44; 7.03; 6.74; 0 2.3 A
2.08: 8.38
13 9.82; 11.98; 4.07; 3.05; 6.7; 8.25; 6.06; 5.99; 3.05; 8.17; 2.01; 7.12; 1.56; 7.38; 5.09; 8.73; 2; 16.42; 10.09; 1 3-4 A
9.85
14 7.92; 6.24; 6.32; 6.69; 4.72; 7.05; 7.82; 14.31; 3.04; 10.09; 14.32; 5.85; 3.25; 5.24; 6.69; 0.72; 9.37; 2.96; 0 3-4 A
5.7; 4.63
15 14.17; 17.38; 1.45; 7.58; 6.32; 5.78; 5.43; 13.89; 3.03; 5.96; 3.85; 1.71; 10.79; 9.79; 5.25; 1.43; 4.96; 6.34; 1 3-4 A
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Example 2: |solated Iot (

0 2859-2)

AEN/CTN 148

\\ Limiting quality in percent (LQ)
Lot size ~.| 05 0,8 1,95 2.0 3,15 5.0 8.0 12,5 20 32 |
n 251 171 13 9 6
B0 26 e - - - - - o 0 o 0 0
501 | 50" 281 2 15 10 6
2 " - - o
© %0 Ac 0 0 0 0 0 0 0
n 90" 50 44 34 24 16 10 8
51 %0 - -
v Ac 0 0 o | o 0 0 0 0
9110 150 n . 1501 90 80 55 38 26 18 13 13
Ac 0 0 0 0 0 0 0 0 1
151 1o 280 n 2000 1700 130 95 65 42 28 20 20 13
m Ac 0 0 0 0 0 0 0 0 1 1
1 2 3 4 5 13 7 8 9 10 ——
n 280 220 155 105 an a0 32 32 20 20
281 500
ﬁze e [281, 500] “’ Ac 0 0 0 0 0 0 0 1 O 3
[20|=3_75 m ; AQL = 6.5%] 1t 1200 n 380 255 170 125 | 125 80 50 2 32 32
C Ac 0 0 v 0 1 1 1 1 3 5
2 120110 3200 n 430 280 200 200 125 125 80 50 50 50
% - Ac 0 0 0 1 1 3 3 3 5 10
ik 2901 10 10 000 n 450 315 315 200 200 200 125 80 80 80
8 o Ac 0 0 1 1 3 5 5 5 10 18
o S
2 10001 to 35 000 n 500 500 315 | 315 315 315 200 125 125 0
9 Ac 0 1 1] 3 5 | 10 10 10 18 18
E 35 001 to 150 000 g 800 500 500 | 500 500 500 315 200 125 80
I Ac 1 1 3 | 5 10 18 18 18 18 18
n 150 001 10 500 000 " 800 800 800 800 800 500 315 200 125 80
NS Ac 1 3 5 | 10 18 18 18 18 18 18
- [ -
- 500 000 n 1250 | 1250 | 1250 | 1280 800 500 315 200 125 80
Ac 3 5 10 18 18 18 18 18 18 18
Errors in the sample taken from the lot:
{1.01; 0.79; 2.18; 0.0; 2.01; 1.23; 0.0; 0.85; 0.0; 1.01; 1.34; 2.44; 1.61; 1.42; 1.49; 1.69; 0.95; 2.21; 9.19; 2.5}
Presentation of the proposal of the Spanish Standard UNE 148002 for Positional Accuracy Control 38
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PROS and cons of the statlstlcal meth d

Here a brief summary of major PROS:
 Normally is not required

 No underlying model is required —> All models are treated
In the same way

|t is a statistical test.
« Sample size is smaller than in estimation processes
 Provides user’s and producer’s risk.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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AEN/CTN 148

1SO 2859

PRS and cons of thestatlstlcal mthod

| is applicable to points, lines and any geometry.
Applicable to any dimension
Applicable on any metric and measure.

Positional quality is expressed in a very simple way.

Positional quality is expressed in the same way as other elements of spatial
data quality.

The same framework applies to control other aspects of quality (eg,
thematic, completeness, logical consistency), which is a very desirable to
facilitate the analysis of the quality, management and reporting of the quality
circumstances.

The method can be applied to various types of supplies (isolated, lot to lot,
etc.).

It is based on well-known and widespread international standards -> same
language.

Presentation of the proposal of the Spanish Standard UNE 148002 for Positional Accuracy Control
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pros and CONS of the statlstlcal method

« Significant change in paradigm

 Resistance to change.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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Alignments norma N s

espafiola

With 1SO 19157:
= metaquality ‘ S —
= Scope (data quality unit)
= Use of ISO 2859

With 1SO 3534-1:

» Terms related to accuracy (rueness + precision)

With 1SO 2859-1,2:

= Control method

Objectives

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

o Simplicity
* Universality
« Compatible with other controls over spatial data
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Y

2 Index
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F) 1. SCOPE evvveeeeesessesseesssmsssssessessessssessmssssssesssssessssssmmsssessssesssessssssssssssseees
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AEN/CTN 148

1. SCOPE

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

1

This standard 1s specifically designed to:
* Establish guidelines for acceptance control processes of spatial data by positional
quality.

This standard 1s based on the principles of quality of Geographic Information of ISO
19157, and also adopts general principles of quality management (ISO 9000: 2008).

This standard focuses on the positional component of spatial data so 1ts adoption does not
affect other tasks that the orgamization may have.

This standard allows the producer to ensure that the products passing the test achieve the
required positional quality. no matter if the products come from the organization itself or
are coming from external supplies, totally or partially. This method provides significant
advantages over traditional methods of positional quality control (see Annex I).

This standard requires the creation of evidence from evaluation processes of positional
quality. which must be used effectively in quality unprovement processes as a means of
quality assurance over tume.

The way to manage quality records is beyond the scope of this standard.

The ways to report the processes related to positional quality control are aligned with ISO
19157 and ISO 19115-1 standards.

This standard does not establish compliance levels for positional accuracy of any product.

The consumer can set requirements against particular applications of interest. For
information purposes, Appendix C contains some requirements of scale and positional
accuracy values in engineering and architecture. as well as how to determine positional
accuracy requirements in the case of applications and geomatics systems.

This standard 1s only applicable to spatial data sets and establishes conformance testing

for venfication.
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2. CONFORMANCE

10. Compliance to this standard 1s only related the process of positional quality control. Any
positional quality control process claiming conformance to this standard shall pass all the
requirements described in the abstract test suite presented 1n annex A.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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5. POSITIONAL QUALITY CONTROL OF SPATIAL DATA SETS

14. This standard establishes a method for controlling the positional quality
(acceptance/rejection) of spatial data sets (SDS) that 1s valid for 1D, 2D, 3D and n-
dimensional data. The standard is based on hypothesis testing in order to achieve a
statistically valid result. Given a metric conformity level (MCL) for the positional errors,
the goal 15 to reject and accept SDS when they are exceeding the MCL or not. established
as an average of errors over time (Acceptance Quality Limit. AQL) The acceptance and
rejection occurs within a framework where consumer and producer risk are known.

15. The perspective adopted in this standard is on the consumer side, The standard 1s only
mterested 1n verifying whether the SDS is consistent or not. The product may or may not

be characterized by the producer, but the control process i1s independent of this. The
producer may have interest in obtaining a better understanding of why a given situation
occurs, however this standard does not have this objective.

16. The standard can be applied to SDS submitted for positional control in isolation, but also
for the case of sequential submissions (batch to batch type). which can occur in large
mapping projects.

17. The control method is valid for 1D, 2D, 3D. and generally, nD. SDS: and does not require
any underlying assumptions about the behavior of positional uncertamnty {(e.g. normality of
eI1015).

18. This standard can be applied to any element of positional accuracy (e.g. absolute, relative,
gridded).

19. This standard is independent of the uncertainty parameter being used to establish the
MCL.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

20. The standard does not establish quality levels. It will be the consumer/producer who must
establish these levels depending on the application purpose and/or the process of creating
the SDS. For information purposes, Appendix C contains some scale/resolution
requirements in engineering and architectural work and how to determine the
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6. POSITIONAL QUALITY CONTROL METHOD

21. For this standard. the positional quality control (PQC) 1s a process of statistical hypothesis
testing that determines the acceptance or rejection of a spatial data set of 1D. 2D. 3D or
nD. compared with the pair {MCL. AQL|LQ} by means of a base model.

22. The statistical foundation of the PQC is presented in Appendix F. The application of this
method allows for a common framework for all kinds of statistical models representing
positional uncertainty. whether statistical parametric distribution functions or observed
distribution functions (distribution free).

23. The PQC achieves a statistically based decision on the acceptance or rejection of an SDS
versus a base model. and this decision 1s important for the consumer. with regard to
applications. and for the producer. in order to ensure quality supplies.

1 this standard positional quality must be specified by means of two values. the MCL and
the AQL or the LQ. as appropriate. The MCL 1s a value serving as error tolerance. Any

positional error observed exceeding the MCL is considered defective in position. AQL i1s
suitable for sequentially evaluated SDS and 1s expressed as a percentage. For a given
MCL, the AQL refers to the worst average quality that we are willing to accept in a batch
to batch delivery. The relationship between AQL and MCL is provided by the base model
(see Appendix F). LQ refers to a quality with very low probability of acceptance in the
control of an SDS evaluated in isolation.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

25. For this standard, the PQC is a direct external process (ISO 19157) based on statistical
sampling.
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26. Prior to any PQC the user should:

e Preferably. have knowledge of the base model. Annex G provides a methodology for
estimation.

¢ Determine the scope or scopes for the control.

e Have pre-established the MCL to apply (in Annex C there are some guidelines on
requirements for positional accuracy).

¢ Have pre-established the AQL to apply (in Annex F the relation between AQL and metric
behavior 1s presented).

¢ Have an independent control source (control SDS) at least 3 times more accurate than the
controlled SDS (in Annex D this requirement is justified).

e Have ensured the positional interoperability between the control and the controlled spatial
data sets (datum. ellipsoid. projection).

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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27. The PQC can be carried on:

e Isolated SDS (a separate lot). In this case there 1s a single supply. or 1t 1s a sporadic supply
far apart in time from other supplies. or the parties wish to consider it so. In this case the
international standard ISO 2859-2 (procedure A) must be applied. This standard i1s
mntended to ensure consumer's and oroducer's risk at 10% and 5%. respectivelv (see
nonconforming elements and afterwards comparing this account to the acceptance value
indicated in Table A of ISO 2859-2 for a given lot size. Annex I presents an example of
the application of ISO 2859-2.

e Sequence of SDSs (delivery batch to batch). In this case there i1s a continuous flow of
supply deliveries of SDSs that must be subjected to positional acceptance controls. In this
case the international standard ISO 2859-1 must be applied. This standard 1s intended to
ensure consumer's and producer's risk at 10% and 5% respectively (see Annex E). For this
standard to adequately protect the parties. the munimum supply should consist of 10 or
more lots and switching rules of ISO 2859-1 must be applied. If the supply does not reach
more than 10 lots ISO 2859-2 applies. Acceptance or rejection will be based on counting
the number of nonconforming elements (positional defectives) and comparing. lot by lot,
this value with the acceptance/rejection value shown m Tables 2. 3 and 4 of the standard
for the lot size. severity and sampling type. If considered appropriate. one may apply
multiple sampling plans offered by this mternational standard. Appendix H presents an
example of application of ISO 2859-2.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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7. SCOPE OF A POSITIONAL Q[*ALITY COI\ TROL

28. In alignment with the international standard ISO 19157. this standard links the PQC
process described m Chapter 6 to a particular scope by means of the data quality unit. For
this standard. the scope of a PQC process 1s the determination of a set of constraints (e.g.
temporal. spatial. geometric. thematic. logical. etc.). determining clearly and
unequivocally a set of geographic objects (universe of discourse) whose positional
component is being controlled. These constraints determine the population under control
and on which to mnform.

29. In relation to the aspect of the geometry of the elements to control, it can be any (point,
line. surface. volume. etc.). provided that the particular control metrics and the evaluation
method applied will be the same for all the geometries involved.

Note 1: You cannot mix different metrics, for example. you cannot work together with Euclidean
distances and Hausdorff distances.

Note 2: Still working with the same metric (e.g. Euclidean) there cannot be mxed estimates derived from
different methods.

30. In relation to the_thematic aspect of geographical objects whose position 1s controlled. it 1s
possible to assess various thematic categories. jointly or separately. according to
convenience. if this 1s properly reflected in the scope.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

31. With regard to the fuzzingss shape definition aspect of some geographical objects.
different types can be assessed jointly or separately. according to convenience. if this is
properly reflected in the scope. It is not recommended to jointly assess fuzzy elements and
well defined elements (crisp elements).
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32. In the case of a large SDS (e.g a series). or an SDS with a great diversity of contents,
assessment by categories or geometries 1s recommended. but always with a utilitarian
orientation (e.g. for navigation. for general location. etc.). or based on the source (e.g.
grouping data by sources of the data supply).

33.In any case the consumer must be informed of the selection criteria (e.g. geometric,
thematic. etc.) applied in order to clearly identify the type of objects evaluated. The scope
should appear in the report of the PQC.

34. An independent quality report should be used to report the results and metaquality. Annex
B proposes a scheme for this report.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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8. SAMPLE FOR THE CONTROL

35. For PQC processes sampling techniques should be applied as required in ISO 2859-1 and
I[SO 2859-2.

36. In PQC processes the sample size n 1s determined as indicated in ISO 2859-1 and ISO
2859-2. as appropriate.

37. The sample will be materialized by a selection of items registered on the SDS to evaluate
that, within the scope established. are also present in the reference.

38. It should be ensured that the sample provides an adequate representation of the population
and for this distribution conditions may be imposed on the scope (e.g. spatial or thematic).

39.In the case that the geographical area covered by the SDS is rectangular and survey
methods are considered homogeneous. the recommended distribution for the control
sample 1s indicated in Figure 1 (average distance between control elements is in the order
of 1/10 of the diagonal dimension and a distribution of at least 20% of the control
elements in each quadrant). In the case where the SDS covers an area whose shape 1s
determuned by a geographic feature of interest (e.g. road. rail. river. etc.) a spatial
distribution that adequately covers the element of interest entirely should be taken.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

40. The sample selection will be carried out bv a randomized and automated process on all
those 1tems that meet the conditions specified in the preceding paragraphs.
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41. Since the existence. access. etc.. of the control elements of a random sample taken on an
SDS cannot always be ensured. the inifial sample size n may be increased. according to
the experience of the executor. in order to ensure that eventually there are sufficient valid
sampling units.

42. In the case of samples used for the PQC in supply contracts, it 1s recommended to obtain
the approval of the spatial distribution by the purchaser prior to the execution of the work.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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9. REFERENCE SET

43. The PQC requires access to an independent external source (reference SDS) and in the
execution of work some requirements are needed in order to ensure confidence in the
results.

44, The PQC requires comparing elements of the SDS under control (controlled elements)
with homologous elements in the reference SDS (control elements). The reference SDS
may come from an ad hoc capture/survey from the real world through fieldwork, or from
any other data set that meets the following requirements:

a) Independence. The reference SDS should not share common processes with the
controlled SDS. Independent processes are performed at different times, by different
working groups, with different instruments, etc. In case of doubt statistical techniques
may be applied to demonstrate and prove independence.

b) Greater accuracy. The reference SDS should be at least three times better than the
controlled SDS (see Annex D). To ensure this requirement it is necessary to know the
controlled SDS production methods, and design and implement a method for the
reference SDS.

c) Completion. The reference SDS must cover 100% of the declared scope for the
controlled SDS; otherwise it shall specify the scope and clearly indicate that it does not
match the controlled SDS entirely.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

45. This standard recommends reference SDS coming from ad hoc processes based on the
most accurate field work.
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10. METAQUALITY IN THE PROCESS OF PQC

46. Metaquality 1s a set of quantitative and qualitative statements about a quality evaluation

47.

and its result. The knowledge about the quality and the suitability of the evaluation
method, the measure applied, and the given result may be of the same importance as the
result itself. This standard adopts the metaquality elements of ISO 19157:

Confidence. Trustworthiness of data quality results.

Representativity. Degree to which the sample used has produced a result which 1s
representative of the data within the data quality scope.

Homogeneity. Expected or tested uniformity of the results obtained for a data quality
evaluation.

In this standard_confidence in the results of a PQC process 1s determined by two
complementary aspects:

Qualitative. The rigorous application of the methods is the main guarantee of trust from a
qualitative perspective. This aspect must be ensured by the participation of experts in
quality of geographic information in work teams and by the requirements stated in section
9 of this standard.

Quantitative. Effective enforcement of the following aspects 1s the basis of trust from the
quantitative perspective: sample size. randomness. independence of control process and
greater accuracy of the reference SDS. These aspects should be msured by compliance
with the requirements of sections 8 and 9 of this standard.
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48. In this standard homogeneity of the results of a PQC i1s determined by:

¢ Production of the controlled SDS. The homogeneity of the controlled SDS i1s bevond the
scope of this standard: however it should be noted that it can be a critical aspect in the
case of SDS where numerous persons or organizations have intervened. where diverse
backgrounds., knowledge. skills. etc. concur. or different work methodologies (e.g.
OpenStreetMap) are applied.

¢ The extension of the control process. For PQC processes dilated mn space or i time
appropriate quality management measures shall be taken in order to ensure homogeneity
of the PQC process at all times. Key elements necessary to ensure homogeneity are,
among others: documented procedures. the establishment of standards in education and
tramning of personnel involved. including verification mechanisms to ensure consistent
processes. eftc.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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49. In this standard_representativity of the result of a PQC should be evaluated from multiple
perspectives. Since the assessment 1s based on sampling. the representativity should be:
e (Considered in relation to the following aspects:

o Space. The spatial representativeness of the sample by its effective spatial distribution
compared to the actual spatial distribution of the population.

o Time The temporal representativeness of the sample by its effective temporal
distribution compared to the actual temporal distribution of the population.

o Theme. The thematic representativeness of the sample by its effective thematic
distribution of categories and attributes compared to the actual thematic distribution of
the population.

o Participation. In the case of works with the participation of various organizations (e.g.
national series) or individuals (e.g. OpenStreetMap). this has the same sense as
previous cases but related to the participation 1ssue in the population.

o Global. Refers to global representativeness as an interpretation of all the partial
representativeness given above being considered 1n a specific PQC.

¢ Evaluated by appropriate techniques. some techniques are applicable:

o Visual comparison of histograms and distribution functions of the sample and the
population.

o Adhberence tests between the curves representing the distribution functions of the
sample and the population (e.g. by means of the Kolmogorov-Smirnov test for
continuous cases and Chi2 for discrete cases).

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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ANNEX A

(Normative)
A n n eX A Abstract test suites

Gen. conformance: 5 tests

A 1. General Conformance .

A 1.1. Test case identifier: Standalone quality report Req . For the CDSt: 3 tests
a) Test purpose: To verify that a standalone quality report exists. Req . For the sam P le: 2 tests
b) Test method: Check whether a standalone quality report has been mcluded. Red. For MetaQ. 3 tests

c) Reference: Clause 11.

d) Type: Basic.

A 1.2 Test case identifier: Data quality unait

a) Test purpose: To venfy that at least one data quality unit exists.

b) Test method: Check whether the standalone quality report includes at least one data quality
unit.

c) Reference: Clause 7.

d) Type: Basic.

A 1.3 Test case identifier: Positional quality requirements

a) Test purpose: To verify that a statement exists about the positional quality requirements as
required i this rule.

b) Test method: Check whether the standalone quality report includes a statement about the
MCL and AQL or LQ, as appropriate.

c) Reference: Clause 5.

d) Type: Basic.

A 14 Test case wdentifier: Positional interoperability between the controlled data set and the
control data set.

a) Test purpose: To verify that the controlled data set and the control data set are interoperable
in position.

b) Test method: Check whether the controlled data set and the control data set truly share
datum, ellipsoid and projection.

c) Reference: Clause 6.

d) Type: Basic.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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A 1.5 Test case identifier: Applicability of ISO 2859-1
a) Test purpose: To venify that the main condition of applicability of ISO 2839-1 15 met.
b) Test method: Check whether there 1s a supply sequence of at least 10 batches.

c) Reference: Clause 6.
d) Type: Basic.

A 2 Requirements for the control data set

A 2 1. Test case identifier: Greater accuracy

a) Test purpose: To verify that the control data set 1s at least three times more accurate than
the controlled data set.

b) Test method: Check whether the documentation of the control data set confirms that this

requirement is met.

c) Reference: Clanse 9.
d) Tvpe: Basic.

A 22 Test case identifier: Independence

a) Test purpose: To venify that the controlled data set and the control data set are mutually
imndependent.

b) Test method: Check whether the documentation of the controlled data set and the control
data set confirms that this requirement is met.

c) Reference: Clause 9.
d) Tvpe: Basic.

A 23 Test case identifier: Cover

a) Test purpose: To venfy that the control data set completely covers the scope indicated by
the data quality unit of the controlled data.

b) Method: Check whether the control data set properly and entirely covers all aspects stated
by the data quality umt of the controlled data set.

c) Reference: Clanse 9.
d) Tvpe: Basic.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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A 3 Sample for the control

A 31 Test case identifier: Randomly control sample generation

a) Test purpose: To verify that the control sample has been randomly generated.

b) Test method: Check whether an automated method has been used to derive the sample for
the control.

c) Reference: Clause 8.
d) Tvpe: Basic.

A 32 Test case wdentifier: Distnbution of the control sample

a) Test purpose: To venify that the control sample provides a good distnbution for each item
established in the scope of the data quality umt.

b) Test method: Check whether the control sample has a proper distnibution.

c) Reference: Clause 8.
d) Twvpe: Basic.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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A 4. Metaquality

A.4.1. Test case 1dentifier: Confidence

a) Test purpose: To verify that the stand alone quality report describes the confidence element
of metaquality.

b) Test method: Check whether there 1s a qualitative and/or quantitative description of the
confidence.

¢) Reference: Clause 10.

d) Type: Basic.

A.4.2. Test case 1dentifier: Homogeneity

a) Test purpose: To verify that the stand alone quality report describes the homogeneity
element of metaquality.

b) Test method: Check whether there 1s a qualitative and/or quantitative description of the
homogeneity.

¢) Reference: Clause 10.

d) Type: Basic.

A.4.3. Test case 1dentifier: Representativeness

a) Test purpose: To verify that the stand alone quality report describes the representativeness
element of metaquality.

b) Test method: Check whether there 1s a qualitative and/or quantitative description of the
representativeness.

¢) Reference: Clause 10.

d) Type: Basic.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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Annex B

Standalone quality report
= Not finished
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Conclusions about the statistical method

* A new statistical method for positional control has been
presented.

« The method is very simple, statistical sound and based on
international standards.

 This method can be applied to any kind of error model (parametric
or non parametric) and to any kind of geometry (e.g. points, line
strings, etc.)

« The main strengths of the proposal are:
-It is not linked to any specific statistical hypothesis on errors.
-It allows controlling position and thematic attributes together.
-It allows controlling of lot by lot and isolated supplies

« The idea can be extended to other counting based methods (e.g.
Dodge-Roming or Philips procedures, zero defects, etc.)

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es
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Conclusions about the standard

The statistics resides on ISO 28509.

e |Itis aligned with many ISO standards.

* |t Introduces specific exigencies for positional controls
(e.g. about the sample, reference data set, etc.)

* |t clarifies meta quality.

* |t establishes atest for conformity.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

Presentation of the proposal of the Spanish Standard UNE 148002 for Positional Accuracy Control
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Future works _

We are working in three lines:
= Sequential “point by point” controls.

= Statistical tests for the base models.

= Implementation of WPS for positional accuracy.

(c) Francisco Javier Ariza Loépez / fjariza@ujaen.es

Presentation of the proposal of the Spanish Standard UNE 148002 for Positional Accuracy Control
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