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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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50 list of patent declarations received (see www.iso.org/patents):

frade name used in this document is information given for the'éonvenience of users gnd does not
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hin explanation on the meaning of ISO specific termis and expressions related to| conformity
sment, as well as information about ISO’s adherence to-the WTO principles in the Technjcal Barriers
pde (TBT), see the following URL: Foreword — Supplementary information.

committee responsible for this document is ISO/TC 20, Aircraft and space vehicle, Subcommittee
L, Space systems and operations.
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Nowadays, applications such as civil engineering, automatic farming, traffic control, and disaster
monitoring system need centimetre class positioning. This centimetre class positioning is deeply
concerned with various fields of our daily life.

Especially the positioning system of applications for the construction and civil engineering, surveying
and mapping, and water level measuring for river or ocean, requires certifying the reliability of
positioning system. Also, the case of automatic vehicle driving, ship control, and snowplow on the road
demands the centimetre class positioning capability which is available in real-time and over wide area.

This Internd
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The service

itional Standard intends to standardize the system requirements and verification €xj
re class positioning over a wide area by broadcasting augmentation data through-satel
I we can enhance the availability of related applications and improve our daily life:

b broadcasting augmentation data through satellite or satellite-based augmentation sy

(SBAS), such as WAAS, EGNOS, and MSAS, are currently in operation for aviation. This SBAS claim
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hccuracy of meter level and focuses on high integrity. Also, the SBAS issmainly operated
 for the sake of human life and internationality of aviation.

hand, the servicesinthis International Standard such as precise pdintpositioning (PPP) re
ing accuracy at centimetre level. There are now a number-of providers supplying diff
corrections. At the same time, this PPP covers differentdnarkets such as civil engineg
rming, and automatic driving. PPP began to outpace SBAS for some applications requ
cion. Therefore, it is inevitably essential to ensure and<Certify the reliability of the PPP sy

bove, from the viewpoint of benefit, it is clear<that PPP services continue to evolvg
e and more sophisticated to match the growifig complexity of customer applications.!
nd, in view of rationale, there have been sonie great strides in overcoming the converg
ge and there are currently some successful real-time PPP applications both academi
[8] The objective of this International*Standard is to establish the space based ser
ting the augmentation data for .céntimetre class positioning over wide area. Also
11 Standard defines the requirements for verification and evaluation of the guarant
e services, and therefore, this International Standard plays a role of the recognition fqg
of these services as well.
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Space systems — Space based services requirements for
centimetre class positioning

1 Scope

This International Standard defines the requirements for the wide area centimetre class positioning
systemT by broadcasting augnrentation data througirsatetiitesas fottows:

— (entimetre class positioning

According to the progress of requirements for positioning services such @s\automatic farming,
mapping and others, centimetre class positioning is very useful.

— Wide area positioning

It is quite effective to broadcast augmentation data through satellites for users over wifle area such
3s a square, more than 1,000 km each side, anytime and anywhébe. Even if this area is ghort of data
etwork, additional ground network facilities are not needed. In addition, as ranging signal and
ugmentation data can be received from satellite broadcasting at the same time, it is finnecessary
or user terminals to receive the signal such as transmitted by ground network.

— Real-time property

The user terminals need to resolve the ambiguity in real-time, using augmentation data broadcast
from satellites or other means, for the realization of centimetre class positioning. On the other hand,
he provider sides have to broadcast augimentation data such that the terminal sideg are able to
fesolve the ambiguity in real-time.

=3

2 Normative references

No nprmative references citedsdn'this document.

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1
fixing
determiningthe integer number of carrier phase waves when calculating the position by uge of carrier
phasemeasurement

Note 1 to entry: This should be distinguished from the case of determining the desired value by convergence of
continuous quantities when calculating the position by use of pseudorange measurement.

3.2

sustainability

measurement anomaly at some reference point should make no influence on the augmentation data
generation

© IS0 2015 - All rights reserved 1
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4 Abbreviated terms

BDS BeiDou Navigation Satellite System

CEP Circular Error Probable

DOP Dilution of Precision

ECEF Earth-Centred Earth-Fixed

ECI Earth-Centred Inertial

GEO Geostationary Earth Orbit

GLONASS Global Navigation Satellite System

GNSS Global Navigation Satellite System

GPS Global Positioning System

IGSO Inclined Geosynchronous Satellite Orbit
10D Issue Of Data

IRNSS Indian Regional Navigational Satellite System
ITRF International Terrestrial Reference Frame
ITS Intelligent Transportation System

LEO Low Earth Orbit

MEO Medium Earth Orbit

NED North East Down

NRTK Network Real-Time Kinematics

RTK Real-Time Kinematics

QZSs Quasi-Zenith Satellite

QZSS Quasi-Zenith Satellite System

5 Positipningaugmentation system overview
= E R Eeet

Figure 1 shows the typical view of positioning augmentation system of centimetre class. Here, this
International Standard does not deal with the ranging signal broadcast from GNSS.

2 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=eadec88d9e8d02c77c4d996d3e9b7bf1

ISO 18197:2015(E)

Ranging Signal Broadcasting Augmentation Data Broadcasting

Augmentation Satellites
GNSS (GPS, GLONASS, Galileo,

( GEO, IGSO, MEO/LEO )
BDS, QZSS, IRNSS)

( Satellite clock error,

lonaspheric delz
+

Y,

Ranging Signal, e
Navigation Data ;
Augmentation Augmentation|
Satellites Data Uplink

Control Stations

Augmentation
Data Augmentation Data
Satellite orbit error,

Ranging Ground User Terminals g;‘@ioning
Signal Au tation Centers
g' ) Reference Calculation of Position %Q
Receiving Points 4
* Augmentation D
Generation
Observables

NOTH Bold: facilities, italic: primary functions, normal:signal/data.

This|typical system is configured mainlyly the following components:

c)
d)
e)
f)

Each{component is explained below.

5.2

Figure 1 — Typical augmentation satellite system for centimetre class positio

INSS;

jugmentation satellites;

jugmentation satellites eontrol stations;
ground reference points;

Iositioning augmentation centres;

ser terminals.

ata

hing

Classiiication ol augmentation satellites

An augmentation satellite broadcasts augmentation data, uplinked from the positioning augmentation
centres for users over wide area. Augmentation satellites are classified into the following:

a)
b)

)

geostationary earth orbit satellite (GEO);
inclined geosynchronous satellite orbit (IGSO);

medium or low earth orbit satellite (MEO/LEO).

The overview and features of various augmentation satellites is shown in Table 1.

© ISO 2015 - All rights reserved
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Table 1 — Overview and features of various augmentation satellites

Observed time

for users to receivethe s

No. Satellites  Orbit height per satellite Avall.able Features
class (km) region
(hr)
1 GEO 36 000 24 Restric_ted to Qperational with one satel-
low latitude lite
. Several satellites are needed
Available for to hand over several times a
2 IGSO around 36 000 8 low, middle, and M v .
: : day for users to receive the
high latitude ; .
signal continuously
. Alot of satellites are nee/ded
Available for to hand over morefrequpntl
3 MEO/LEO <36 000 <8 low, middle, and qupntly

ig-

high latitude nal continuously than IGSO
5.3 Positjoning augmentation centres
The augmentation centres make augmentation data using the observation dataZat the ground reference
points. The $ystem sustainability is taken into account when making augmeritation data. Some remjarks
are described below about the functions and conditions, message stfucture, and user operatjonal
support seryice.
5.3.1 Fur]\ctions and conditions of the positioning augmentation centres
The functions and conditions of the positioning augmentatief centres are as follows.
a) Augmertation data generation
The augmentation centres make augmentation) data using the observation data at the grpund
referen¢e points.
b) Monitoting of operation and measures
The augmentation centres monitofithe system operational conditions by analysing data recgived
from augmentation satellites and reference points so as to detect ionosphere disturbance or others.
Based dn the result, this International Standard should assess the influence on ranging signal or
commuhication link and takes’proper measures to recover the situation.
c) Detectipn of satellite signal anomaly
The augmentation\céntres calculate the predicted error using observation data at the grpund

referen

5.3.2 Megsage structure

fe points:The signal analysis is provided to specify the malfunction satellite.

Figure 2 shows the example of message structure of augmentation data broadcast from the
augmentation satellite.

© ISO 2015 - All rights reserved
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Header Contents of data Er_ror
Correction Code
NOTE The header contains preamble, satellite number, station number, and message number. The contents of

data correspond to the corrections, that is, satellite clock error, satellite orbit error, ionospheric delay, the status
parameters, and ancillary data, such as those listed in Table E.1. The message format contains the error correction
code, such as a cyclic redundancy code, so as to decode the message correctly.

Figure 2 — Message structure

5.3.3 User operational support service

The gystem should provide useful information for user terminals as follows.
a) [Kstimation of positioning error.

b) Condition of ionosphere, such as disturbance of ionosphere.

c) Condition of troposphere, such as anomaly of water vapounr.as caused by local rainfall (resulting in
tthe positioning error due to tropospheric delay mismateh:

5.4 | Operation

Some¢ remarks on the operation of positioning augmentation system are as follows.

5.4.1 Simultaneous operation

The gentimetre class augmentation data-¢an also be used as the meter class augmentation data at the
samg time. Therefore, this system enhances the operational variation.

5.4.21 Various fields of application
A variety of industrial fields required for centimetre class positioning is illustrated in Anngx G.
6 Requirements for positioning augmentation system

6.1 | Requirements for augmentation satellites

Reqyirements for augmentation satellites of various orbits are described below.

a) Orbit constellation
b) Numbers of satellites
c) Antenna coverage

This means a part on the earth where the transmission signal from the augmentation satellite
can be reached.

d) Transmission signal characteristics

Over the targeted area, under the condition of the minimum elevation angle of the augmentation
satellite, this International Standard establishes the requirements for orbit constellation (satellite
number/orbit plane/phase difference between orbit planes).

© IS0 2015 - All rights reserved 5
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The examples of orbit constellation of augmentation satellites are shown in Annex D. Corresponding to
the respective orbit constellation, the ground track and the antenna coverage are shown in Annex E.

6.2 Requ

irements for augmentation satellites control stations

Augmentation satellite control stations shall track and control the augmentation satellite so that it
might broadcast augmentation data for users correctly. Requirements for satellite control stations are
described as follows.

a) Allowable broadcasting latency of augmentation data

The allg
parame

Latenc|
Latenc
Latenc]
Latenc

Total |

wable broadcasting tatency of augmmentation data siatt be determined for tie follo
ters:

y from ground reference points to positioning augmentation centre dl
y from positioning augmentation centre to satellites control station d?
y from satellites control station to augmentation satellite d3
y from augmentation satellite to user terminals d4
ntency time d1+d2+d3+d4

For typical example, d1,d2,d3,and d4 are 1 s, 1s, 2 s, and,s, respectively.

b) Switch

In the d

f augmentation data between satellites

prescrilbed area, the procedure for the handgver of the augmentation data between relg

satellitd
c) Prepard

The sat|
embed {

s shall be established.
tion for anomaly in space

ellites control station shallidetect anomaly in space environment or satellite orbitg
he alert message or disabled satellites data into the broadcasting signal.

6.3 Requ.[rements for ground reference points

The functio
a) Requirg

— Pse

s and conditions required for ground reference points shall be shown as follows.
ments faf eutput signal

idorange

— Carl

ier phqcp

— Signal strength

ing

[sec]
[sec]
[sec]

[sec]

[sec]

ase of switching augmentation satellites~swhich broadcast the augmentation data fofr the

vant

and

The information such as data acquisition rate cycle slip, multi-path, shall be used as effectiveness
criterion for augmentation data generation. The following data can be used for verification of the
correctness of augmentation data, which is an optional service that is not necessarily operated by
the ground reference point:

— aug

— pos

mentation data;

itioning results;

— S/N of ranging signal;

© ISO 2015 - All rights reserved
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d)

f)
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— number of ephemeris;
— DOP value
Geometrical allocation

— Regular allocation

The ground reference points shall be selected so that they are located regularly or in grid type.

— Irregular allocation

The dcuaity Ufsx oundreference pointsvariesaccor diug tothe recessity of thet espect
Dbjectives of ground reference points

+ Determination of satellite clock error

+- Determination of satellite orbit error

+ Determination of ionospheric delay

+ Determination of tropospheric delay

+- Determination of signal biases

1+ Determination of integer biases

[ase of distinction between primary and secondar§reference points

Augmentation data shall be defined for theprimary reference points. But, in som
jugmentation data can be made by use of 116t only primary reference point data, by
feference point data.

— Reason for the necessity of secondary reference points
[ase of improper allocation

.

'he method for applicationof augmentation data shall be clarified in the following casg

— Case of positioning,over ocean

The case should be'rémarked where no ground reference points are found in the neigh
the user terminal:

+ Case of'fieight difference influence

jve regions.

e cases, the
t secondary

PS.

bourhood of

It should be remarked that augmentation data like tropospheric delay depends on the height

above sea level.

Location of reference points

The highly accurate location of all the reference points for augmentation data generation shall be

clarified beforehand.

The ground reference networks in Japan, Germany, France, Europe, United States, China, Latin America,
and the whole world can be referred in Reference [9] to Reference [16], respectively.

© ISO 2015 - All rights reserved
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6.4 Requirements for positioning augmentation centres

6.4.1 Requirements for some parameters

The following parameters shall be determined for the positioning augmentation centres configuration.

a)

b)

6.4.2 Requirements for augmentation information

The following various augmentation data which are generated in positioning augmentation ce
shall be uploaded to the augmentation satellite and be broadcast to ground users. Requiremer]
data volume of respective augmentation data shall be determined. The example of data volumg
transmissiop rate of augmentation data are shown in Annex F.

a)

b)

d)

f)

Data transmission rate

Each correction value shall be updated by its data transmission rate. The correction value shall be
predicted forward using the last correction data. Therefore, the accuracy of the correction value

depends on the data transmission rate.

Data fomat

The datp format includes the characteristics such as the word size, the word format, thé hiessa
fixed or|variable length, and the parity algorithm.

Allowable data latency

ge of

Correctjons can be applied for some time by the user because they change-slowly. The alloyable
data latency means the maximum elapsed time between the measurementtime of the data used to
generatp the corrections at the reference points and the measurement time of the data to which the

correctjons are applied.

Satellite clock error
This mdans the difference between the satellite clock time and that predicted by the satellite ¢
Satellitg orbit error

This mgans the difference between the actual satellite location and the location predicted b
satellitg orbital data.

IonospHeric delay

This mgans the signal propagation group delay caused by traversing the paths from the satell
the groyind through the ionosphere.

Tropospheriddelay

htres
t for
and

lata.

y the

te to

This means the signal propagation delay caused hy traversing the paths from the satellite t

b the

ground through the lower atmosphere or the troposphere.

Code signal bias

This means the delay of code, or in other words, pseudorange with respect to reference signal.
Carrier phase signal bias

This means the delay of carrier phase with respect to reference signal.

6.5 Requirements for user terminals

User terminals shall calculate their positions using augmentation data broadcast from augmentation
satellites. Requirements for the use of augmentation data are presented as follows.

8
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6.5.1 Requirements for input parameters

a)

b)

6.5.1 Requirements for the user terminal pre-processing

The

Data rate

The data rate shall be defined as the interval between the instant when the user termi
the augmentation data broadcast from the augmentation satellite.

Format transformation

nal receives

The format transformation means to convert the binary sequence conveyed on the signal into the

physical quantities to generate the augmentation data.

ata SynChI’Ol’llZﬂthl’l

his means the time synchronization at the user terminal between the measurement

anging signal from positioning satellites and the receiving time of the corpection ds

ugmentation satellite. The synchronous case, though accompanied with tinfe'delay, sh4

igh accuracy positioning due to timely matching. The asynchronous caséshall immed
4 positioning result with less accuracy due to timely mismatching.

user terminal shall follow the procedure as stated belowswhen determining its po

time of the
ita from the
11l resultina
ately derive

sition using

augnmentation data so that it can use the conventional RTK-pesitioning calculation method. That is,

the

wheie “sv” and “rv” mean the satellite and the approxim@ate position of the user terminal, 1
Then, both C1PRC[sv,rv] and P2PRC][sv,rv] correspond®o the pseudorange correction at 1
Formula (8.19) in Reference [4] while both L1CPC[sv,rv] and L2CPC[sv,rv] correspond t
correction atreference, or Formula (8.20) in Reference [4]. According to Reference [4], applyi
adjugted data to the measurement data at the user terminal shall yield the high accuracy p

The

ddjusted data C1PRC[sv,rv], P2PRC[sv,rv], LICPC[sv,rv}s.and L2CPC[sv,rv] shall be d¢

value of augmentation data for the userlocation can be determined as follows.
[LKs[sv]: Satellite clock error

[1Bs[sv]: C1 signal bias of satellite transmitter

P2Bs[sv]: P2 signal bias ©f)satellite transmitter

L1Bs[sv]: L1 signal bias of satellite transmitter

L.2Bs[sv]: L2 signal bias of satellite transmitter

DRB[sv](=(ORBr[sv], ORBa[sv], ORBc[sv])): Satellite orbit error vector

Wwhere

DRBr[sv] is the radial component of satellite orbit error vector;

fined below
espectively.
eference, or
o the phase
hg the above
sitioning.

ORBa[sv] is the along-track component of satellite orbit error vector;

ORBc[sv] is the cross-track component of satellite orbit error vector

ION[sv, rv]: slant total electron content, or integrated electron density along the propagation of a

radio signal in the ionosphere, multiplied by 40,3, and divided by (f1 e f2) at the same t
— f1: L1 signal frequency
— f2: L2 signal frequency

© ISO 2015 - All rights reserved
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Positioning calculation is shown as follows. Using the above augmentation data, make the adjusted data of
the user, or C1PRC|[sv, rv], P2PRC][sv, rv], L1CPC[sv, rv],and L2CPC|[sv, rv] at the user approximate position.

L1CPC[s

C1PRC[sv, rv] = - CLKs[sv] -
P2PRC[sv, rv] = - CLKs[sv] - P2Bs[sv] + ORB][sv]
[sv] -

C1Bs[sv] + ORBJ[sv] - rac[sv, rv] + p - ION[sv, rv]

[sv] - rac[sv, rv] + n - ION[sv, rv]
v, rv] = - CLKs[sv] - L1Bs[sv] + ORBJ[sv] - rac[sv, rv] - p - [ON][sv, rv]

— L2CPCJsv, rv] = - CLKs[sv] - L2Bs[sv] + ORB|[sv] - rac[sv, rv] - n - ION[sv, rv]
where
rdl[sv] Radial vector
alt[sv] Along-track vector
crt[sv] Cross-track vector

los[sv, rp] Line-of-sight unit vector
rd[sv, ry] = rdl[sv] - los[sv, rv]
at[sv, rv]] = alt[sv] - los[sv, rv]
ct[sv, rv]] = crt[sv] - los[sv, rv]

rac[sv, v] = (rd[sv, rv], at[sv, rv], ct[sv, rv])

w=120
— n=154

And C1, P2, 1.1, and L2 signals are described as follews. The C1 signal, or the C/A-code transmitted o

154: Ratio of frequency

120: Inverse ratio of frequency

n the

L1 carrier, i§ generated at a chipping rate of 1023 Mbps. The corresponding wavelength of one chip is

about 300 m
rate of 10,23

both the C/A-code and the P-code, is transmitted at a frequency of 1 575,42 MHz. The L1 waveleng
about 19,05 cm. The L2 signal, contdining only the P-code, is transmitted at a frequency of 1 227,60
The L2 wav¢length is about 29,31 om.

It can be cpnsidered that_there are three cases where two frequencies are selected among f{

frequencies

a) Case of two frequencies (L1, L2)

f1: L1 signal frequency

.The P2 signal, or the P-code transmitted on the L1 and L2 carrier, is generated at a chij
Mbps. The corresponding wiavelength of one chip is about 30 m. The L1 signal, conta

L1, L2, and L5.

ping
ning
rth is
MHz.

hree

— f2: 12 Qignn] frnqnpnry
— pn=120/154
— n=154/120

b) Case of two frequencies (L1, L5)

f1: L1 signal frequency
f5: L5 signal frequency

10

w=115/154
n=154/115
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6.5.3 Requirements for user terminal output

Userjterminals are required to output the position and velocityydata of the user location and
precise measurement time. Such navigation and time data €an‘be utilized for various applid

a)
b)

6.6
The

6.6.1 Requirement for mathematical models

a)

b)

d)

ISO 18197:2015(E)

— P2-C5

— L2-1L5

Case of two frequencies (L2, L5)
— f2: L2 signal frequency

— £5: L5 signal frequency

— wu=115/120

navigation data such as position, velocity;

fime information.

Requirement for processing

[oordinate system and.its transformation
+ ECEF coordinatesystem

It is convenientto represent the positions and velocities of terrestrial objects in ECEF co
yith latitude;longitude, and altitude. ITRF is a specific realization of ECEF frame.

— ECIcoordinate system

This non-rotating system can describe the equations of orbital motion in space in more

provide the
ations.

process of augmentation data generation and position calculation shall require the following
matHematical models and physical canstants.

ordinates or

simple form.

— NED coordinate system

This system is a geographical coordinate system for representing the position along t
axis, the eastern axis, and the vertical axis.

Time system

— GPS time system

— Other time system
Satellite position calculation

Geoid model

© ISO 2015 - All rights reserved
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e) Helmert transformation
f) Tidal displacement of the ground reference points
g) Phase wind-up effect
h) Representation of ionosphere
— Slant range model

The ionospheric delay is obtained for each pair of the satellite and the ground reference point. This
ionospheric delay can be high accurately estimated.

— Gricli point model

Theverticalionosphericdelayis specified per reference point or pair of some latitude and somelongitude.
The accyiracy of this ionospheric delay would be less than the slant range model as noted.,above.

— longpspheric correction model

This iorjospheric delay is modelled using ionospheric parameters contained.in the navigation data.
In detail, refer to Figure 20-4 of Reference[3]. It is said that the use of this“model would provide at
least a 30 % reduction in the positioning error due to ionospheric propagation effects.

— Sphlerical functional model

This ionospheric delay can be calculated from the surfacecelectron density of the layer, which is
represepted on a global scale as formulated by the spherical harmonic functions, or the Leggndre
functions. The coefficients of the spherical functions are‘obtained in GIM (Global lonosphere Maps)
files provided by CODE, one of the Analysis Centers ofdGS. For details, refer to Reference [5].

6.6.2 Requirement for physical constants
a) Ratio oficircumference: 3,041 592 653 589 8 (rad)
b) Earth r¢tational rate: 7,292 115e-5 (rad/s)

c) Earth-cpntred gravitational constant: 3,986 004 418 e14 (m3/s2)

d) Earth efuatorial radius: 6,378,137 (m)
e) Flatness: 1/298.257 223 563
f) Speed of light: 299,792,458 (m/s)

For other pHysical censtants, refer to Reference [1] to Reference [3].

7 Requirements for verification and evaluation

This International Standard is supposed to be used for space based services by broadcasting the
augmentation data for centimetre class positioning over wide area. Therefore, this International Standard
defines the requirements for verification and evaluation of the guarantee of quality of the services. Also,
this International Standard also plays a role of the recognition for the certification of the services.

Verification and evaluation shall be prepared as follows (see Figure 3). First, this International Standard
draws up the verification and evaluation plan. Then, the International Standard studies the various
factors affecting the positioning, and selects the verification conditions. After that, the International
Standard establishes the evaluation criteria for positioning accuracy and convergence rate. Finally, the
International Standard sets the verification methods by use of statistical process or estimation process.

12 © IS0 2015 - All rights reserved
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Evaluation
Plan

U

Verification C ondition

—

ISO 18197:2015(E)

Verification Methods

U

Evaluation Criteria

7.1 | Evaluation plan

To cdrry out the verification and evaluation, this International Standard refers to the requ
evalyation plan including procedure, items, data, and so on.

7.1.1 Evaluation procedure

a) $ampling

b) Hypothesis, verification, and criterion
c) Estimation of incorrectness rate

d) Verification of fitting rate

7.1.2 Evaluation items
a) Accuracy evaluation of augmentation data
b) Verification of augmentation data

c) Accuracy evaluation of positioning result

7.1.3 Data
a) (bservation raw/data

b) Pre-procéssed data

) Ieal-time output data

d) Postprocesseddata

Figure 3 — Methodology for verification and evaluation

7.1.4 Evaluation matters

a) Evaluation of fix rate

rements for

b) Evaluation of data available period, or the time elapsed after augmentation data was generated, as

the period available for augmentation data are limited after this data are generated

c) Anomaly detection and reliability

d) Distinction between horizontal and vertical errors

7.1.5 Time of verification

© ISO 2015 - All rights reserved
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a) Pre-flight verification

— Advanced verification

b) In-orbit

verification

— Real-time verification

— Anomaly detection

7.2 Verification conditions

This Intern
place, satell
transmissio

7.2.1 Per
a) Annual
— Effd

b) Seasong

— Effe
c) Dailych
7.2.2 Pla¢

a) Flatare

h delay of augmentation data, and characteristics of users.

od

change

cts of sunspot activity

1 differences

cts of ionosphere and troposphere

ange

e

2

b) Urban drea

— Effe
c¢) Mounta

— Effe

ct of satellite invisibility
inous area

ct of height

d) Ocean area

e) Accurad

7.2.3 Sate

a) Orbit cd

y guarantee/over wide area

lites

nstellation

htional Standard refers to the requirements for verification conditions such as<{pgriod,
ite constellation, the number and allocation of reference points, the state of ignosphere,

b) Satellite visibility

c) State of

transmitted signal

7.2.4 Reference points

a) Number of reference points

b) Allocati

c) Separat

14

on of reference points

ion between reference points
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7.2.5 Augmentation data

a)
b)

)

7.2.4 Positioning objects

a)
b)

7.3

Accopding to the objective of verification and evaluation, this International Standard
requjrements for evaluation criteria including accuracy and cefnvergence rate of augmentat
posiffioning results.

7.3.1 Accuracy and convergence of augmentation-data

This|International Standard evaluates the estimation accuracy, convergence rate, and s
augmentation data such as clock error, signal bias; ionospheric delay, and others.

7.3.1 Accuracy and convergence of positioning results
For positioning results, this Internatiohal Standard evaluates statistical value and converg

bias
mean square).

7.4

This|International Standard describes optimal estimation or verification methods for objecf
under various conditions.

7.4.1 Estimation process

Evahrate observation data and processed data.

a)
b)

Temporal availability

Spatial availability

— Based on reference points
— Based on grids

Effect of transmission delay

$tationary objects

Mobile objects

— Effect of multi-path

Evaluation criteria

error or offset, random error.or standard deviation, CEP (circular error probable), an|

Verification methods

states the
jon data and

pparation of

ence rate of
d RMS (root

s of interest

Average, standard deviation

Minimal root mean square estimation

This International Standard defines the following estimation process, evaluating the fundamental
performances of antennas and receivers used for the verification of augmentation system.

Zero baseline verification

This International Standard verifies by using antenna splitter with baseline length zero, so that the
quantities of satellite orbit error, ionospheric delay, tropospheric delay, multi-path, and antenna

offset shall be cancelled and only the receiver error remains.

© ISO 2015 - All rights reserved
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b)

Antenna calibration

This International Standard specifies the calibration of the antenna offset and its phase centre variation.

Antenna swapping verification

This International Standard verifies positioning accuracy verification by swapping two antennas in
order to cancel horizontal and vertical bias error.

7.4.2 Verification method

Compare th
a) Hypoth
b) Use of various statistical distributions

This Interngtional Standard shows the verification process below.

a)

b)

d)

16

Verification of bias

For the
bias errr judgment by t-distribution verification is shown in AnnexA.

Verification of device specification

For the

Verifica

Evaluat
time zo

Verifica

1y

2)

Pro

=) prnr‘pccnﬂ resultswith the dncignafnﬂ results

bsis, verification, significance level

verification of baseline length zero, judge the bias error of the feceiver. An example d

fion of dependence on place or time

e the dependence of the positioning resulton area or time zone. An example of the are
he dependence by F-distribution verifi¢ation is shown in Annex C.

fion method on the testing field

cedure of evaluation of the positioning result

Park the vehicle on thestesting field.

Calculate the positioning result of the vehicle by the method of interest.

On the other/hand, estimate the observation data at the vehicle’s approximate loc
by using théreal observation data of three reference points in the neighbourhood d
vehicle. Using this estimated observation data, calculate the positioning result bj
method.ef network RTK, or in short, NRTK.

Evaluate the positioning result by the method of interest, regarding the positioning q

f the

verification of baseline length zero, estimate the ndise level of the receiver. An example of
the recqiver specification estimation by chi-squared-distribution verification is shown in Ann

h and

htion
f the
y the

esult

bythe NRTK method as nearly correct.

The criterion on positioning accuracy shall be based on the required accuracy for the

respective application shown in Table G.1.

Procedure of evaluation of the relative positioning result

Move the vehicle to the point from the point where the vehicle was parked on the testing

field. The difference between the above two points can be correctly measured.

Calculate the positioning result of the vehicle by the method of interest.

Evaluate the relative positioning result by the method of interest by comparing the

difference of the positioning result with that of the conventionally measured data.
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— The criterion on positioning accuracy shall be based on the required accuracy for the

respective application shown in Table G.1.

e) Verification method in the driving field

Procedure of evaluation of the positioning accuracy of the reference points along the driving route

Select the reference points in the neighbourhood of the vehicle’s driving route. The
positioning result of these reference points can be obtained by the surveying method.

Calculate the positioning result of these reference points in the time zone of the vehicle’s

driving by the method of interest.

Execlte the estimation and\verification process in order to find out the cause of malfy
following data shall be previded to users as user support operational information, if necess

a) ionosphere anomaly;

a)

b)
7.4.3
b) pr
) I’l

d) anfenna mismatch.

Procedure of evaluation of the positioning result under various@nvironments

Research for the cause‘of malfunction

ecipitableswater vapour anomaly;

ulti-path;

Evaluate the method of interest by comparing the positioning result by~th
interest with the positioning result by the surveying method, whereythe 13
regarded as correct.

The criterion on positioning accuracy shall be based on the required accu
respective application shown in Table G.1.

Drive the vehicle in the outer field under various environments such as city area

b method of
Iitter can be

racy for the

mountains,

seaside, and highway with avariety of vehicle speedsSatellite elevation and weathgr condition.

Calculate the positioning result of the vehicle byrthe method of interest.

Atthe same time, calculate the positioning résult by the NRTK method along the d‘Eiving route.
i

Evaluate the positioning result by thesmethod of interest, regarding the posi
by the NRTK method as nearly corx&ét. Then, we can evaluate the positioning
the method of interest under various environments.

The criterion on positioningtaccuracy shall be based on the required accu
respective application shown in Table G.1.

ning result
accuracy of

racy for the

nction. The
ary:

© ISO 2015 - All rights reserved
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Annex A
(informative)

Verification calculation of bias

An example of the bias error judgment by t-distribution verification is shown below.

p p
degree of freedom 60. If Formula (A 1) holds, then the hypothesis “delta = 0” shall not be rejected-4
confidence level 95 %. That is, no bias error shall be verified at the confidence level 95 %.

0 <sxt(p0,0.05)~sx2,00 (A.1)
Here, this Ihternational Standard assumes the confidence level as 0,95 and the degree of fre¢dom
(= points * sets * sections) as 60.
— t-distribution

Normalized|data of the size n sampled from population is governed by tdistribution of degree of fre¢dom
n-1 as depicted in Figure A.1.

N4t -

.3

degree of freedom = a0

Figure A.1 — t-distribution
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Verification calculation of device specification

Annex B
(informative)

ISO 18197:2015(E)

An example of the receiver specification estimation by chi-squared-distribution verification is shown below.

confidence level 95 %. That is, the dev1ce spec1f1cat10n shall be verified at the confidence le

. |2%(60,0.05)
60

Here} this International Standard assumes the confidence levelé-as 0,95 and the

zo‘Xl,lS

freedom (= points * sets * sections) as 60.

— ¢hi -square-distribution

Normalized data of the size n sampled from population«is governed by t-distribution

ctively, with
ected at the
vel 95 %.

(B.1)

degree of

f degree of

freedom n-1 as depicted in Figure A.1. Let S be the squaretsum of sampled data of the size n from normal
population, and divide S by population variance square of sigma, which would be governed by chi-
squafed-distribution of degree of freedom n-1 as depicted in Figure B.1.

0.038

003

0.028 |

0me

0.008

degree of freedom = 60

© ISO 2015 - All rights reserved
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Annex C

(informative)

Verification calculation of dependence on place or time

An example of the area and time zone dependence by F-distribution verification is shown below.

Letsx and sy
respectively
normal pop
the depende

0,60~ —
F,

Here, this
freedom (=

— F-distri

The ratio of
governed by

1

SX2

5(0,025) sy

<2 <F£(0,025)~1,67

be the two standard deviations of experimental data, with the degree of freedom 60 and 60,
. If Formula (C.1) holds, then the hypothesis that the two experimental data sampléd ffrom
1lation is equivalent or “ox = oy” shall not be rejected at the confidence level 95,%. That is,
nce on place or time shall be verified at the confidence level 95 %.

€1

International Standard assumes the confidence level as ¢0,95 and the degrde of

bution

points * sets * sections) as 60.

variance of two data, each sampled from populatiehof the same standard deviati¢n, is
F-distribution of degree of freedom (nx-1, ny-1) as-depicted in Figure C.1.

1.8 |

1.6

degree of freedom = (80,60,

20

0A&

15

Figure C.1 — F-distribution
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Annex D
(informative)

Orbit constellation for augmentation satellites

Table D.1 shows the typical examples to clarify the differences of orbit height and required number of
augmentation satellites.

© IS0 2015 - All rights reserved 21
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Annex E
(informative)

Ground track and antenna coverage of augmentation satellite

Figure E.1 to Figure E.7 shows the ground track (blue line) and the antenna coverage (red line),
corresponding to the respective orbit constellation in Annex D. Here, the antenna coverage depicts the
moment when the ground trajectory of the satellite is located at the north edge, setting theleccentricity
as zero and the elevation larger than 45°.

0

i 1]

4 | I
0 ] JIS 180 240 300 360

Figure E.1 — Ground track and antenna coverage of augmentation satellite (No.L GEO)

- | | | | |
QDU

Figure E.2 — Ground track and antenna coverage of augmentation satellite (No.2 IGSO)
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Figure E.3 — Ground track and antenna coverage of augmentation satellite (No.3 MEO)
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Figurg EZ2 — Ground track and antenna coverage of augmentation satellite (No.4 MEQ)
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