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1 State Space — General

The principle of the state space concept is to provide information on individual error sources acting on Global
Navigation Satellite Systems (GNSS) signals. These error states can then be used to enable improved positioning for a
rover. This approach to generate and represent GNSS corrections is called “State Space Representation” (SSR).

The SSR state vector consists of the following parameters:
e satellite orbit errors
e satellite clock errors
e satellite signal biases
e ionospheric parameters
e tropospheric parameters

Satellite orbit and clock errors are improvements to the broadcast information provided by a GNSS. Satellite signal
biases are delays of the code and carrier phase components of GNSS signals, originating within satellite hard- and
software. The ionospheric and tropospheric parameters describe the effect of the atmosphere on the propagation of
GNSS signals.

SSR consists of state space parameters which consistently describe the corresponding error budget for GNSS
positioning purposes. Additional corrections may be applicable.

2 State Space Representation - Compressed Format (SSRZ)

The SSR parameters typically have temporal and/or spatial variations. These variations are modeled by the SSR
generating server application with a State Space Model (SSM). Different servers may use different models and the
models can change for example due to progress in state of the art GNSS techniques.

The idea of SSRZ is to describe the variations of the SSR parameters in a compressed and compact format. SSRZ gives
the flexibility to adopt to the used SSM and parameters whenever it is appropriate or required but leaves the external
representation (SSRZ) unchanged.

Some parameters of the SSR do have spatial variations. Spatially changing SSR parameters are defined for a grid of
ground points. The grid size must be designed in such a way that simple interpolation algorithms can be used to predict
the parameters for any position within the service area.
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3 SSRZ Compressed Format Concepts

The SSRZ format is designed to generate a data stream with a constant and low bandwidth (bits/second). The
compression and bandwidth optimization concepts are:

1. Separation between SSR correction and metadata messages — almost all constant parameters are avoided in
the actual correction streaming format and transmitted in metadata messages.

2. Scaling SSR in time domain — bundling different SSR parameters according to their update rate.

3. Distributing SSR to Satellite Groups — satellite-dependent parameters are generated for different predefined
sets of satellites.

4. QIX biases describe the systematic difference of satellite-specific signal delays between different signals at
the same frequency. In SSRZ the QIX biases avoid the transmission of absolute values per supported signal.

5. One Reference Code Bias per GNSS

6. Multi-Stage Atmospheric Corrections — atmospheric corrections are divided into functional and residual parts
with different spatial scales.

7. Rice Encoded Data Blocks — the Rice encoder in combination with additional SSR parameter specific grouping
attributes are used for compression.

They are described in more detail in the remainder of this section.

3.1 Separation between SSR correction and metadata messages

Certain definitions and constant parameters relevant to a specific GNSS SSR correction service are located in the SSRZ
Metadata. The SSRZ Metadata can be offline information (published by the Service provider) or provided by an SSRZ
Metadata message online or distributed within the correction stream at a low transmission rate using the SSRZ
Metadata message. The SSRZ Metadata consists of essential parameters that are needed to decode SSRZ data and
offers flexibility for service providers to decide on correction model size and correction data resolution.

3.2 Scaling SSR in time domain

The individual SSR parameters change with different rates. In general, the satellite clock errors vary faster than other
components. The adjustment of individual update rates of the different SSR components can drastically reduce the
bandwidth requirement while keeping the same quality. For this purpose, the SSRZ format consists of low rate and
high rate messages.

There are five relevant parameters in SSRZ: the length of SSR update interval Typqate , the offset of SSR update interval
Tottset, and the transmission interval Tipaps, the transmission rate R;pqns and the transmission date(s) tirgns-

The first two parameters are closely related to the SSR generating side (Figure 1). The length of an SSR update interval
corresponds to the nominal validity of the SSR parameters. The offset of SSR update interval corresponds to a time
difference between the beginning of an SSR update interval and a reference time. The generating process has to
generate the SSR parameters according to Typgate and Toffser CONtinuously.

The three timing parameters are related to the data stream settings. The transmission interval Ty, indicates the
maximum duration to transmit SSRZ corrections. The length of the transmission interval must be shorter than the
length of the high rate clock update interval to guarantee the availability SSRZ corrections to ensure a consistent SSR
data set.

The transmission rate R4, indicates how often an SSRZ message is sent. The minimum transmission rate is identical
to inverse of the length of SSR update interval. Higher transmission rates are allowed and provide the possibility to
increase integrity by repeating the transmission of identical SSR parameters, reducing the risk of loss data. The
transmission date) t;qns Of @ Nnew (updated) SSR correction message is in accordance with the offset of SSR update
interval of the SSR parameters within the message (Figure 2).
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Figure 2 Sketch of transmission timing parameters. The first transmission date of an (updated) SSRZ message has to be aligned
with the beginning of the corresponding SSR update interval. Thus, the minimum transmission rate R;,.4,s Of one (specific) SSRZ
message is one message per length of SSR update interval. The transmission interval T;.qns iS the message transfer duration
between transmission and reception time and depends on the total number of bits per message and the available bandwidth.

3.3 Distributing SSR to Satellite Groups

Some of the SSR parameters are satellite dependent. As an additional bandwidth optimization concept these SSR
parameters can be transmitted for subsets of satellites with identical or different update and offset intervals. This
strategy avoids data bursts at the beginning of an update interval.

A subset of satellites is called Satellite Group and can be defined as a list of Satellite IDs or by a predefined
formation/grouping rule. A Satellite Group can contain satellites from one or more GNSS. The maximum number of
satellites considered per group is defined by the service settings. Each Satellite Group has its own ID.

Satellite Groups are defined for high rate and low rate messages separately to allow flexible and optimized
combinations of different Satellite Groups. The combination of Satellite Groups is controlled by the Satellite Group
List that represents a list of Satellite Group IDs that will be considered in the SSRZ message. Thus, besides the timing
parameters (introduced in 3.2) the Satellite Group List is an additional mechanism to control satellite-dependent SSRZ
messages. In the context of Satellite Groups, the term high rate refers to the SSRZ High Rate message and low rate to
all other satellite-related messages.

3.4 QIX Biases

In general, the SSRZ supports all accessible GNSS signals. QIX biases describe the systematic difference between
satellite-specific signal delays for different signals at the same frequency. Thus, if the SSR (signal) biases from one
signal per GNSS and frequency are known (this signal is named reference signal) the signal biases of the remaining
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signals for the same frequency can be computed using QIX bias information. While the signal biases of the reference
signals are transmitted in an SSRZ Low Rate message (containing the RTK corrections) the QIX biases are transmitted
in a separate message.

3.5 Clock compensation of one Code Bias per GNSS

The number of transmitted code bias values can be reduced by compensation of one code bias by the clock correction.
One zero-code signal per GNSS can be flagged in the metadata and the corresponding correction will not be
transmitted.

3.6 Multi-Stage Atmospheric Corrections

SSRZ supports multi-stage ionospheric and tropospheric corrections. Multi-Stage models utilize different messages for
the same GNSS error component. The constituents from different messages are added. The different stages are
required to represent the spatial variations on different scales and thus to enable different service applications/
accuracies. SSRZ supports up to four ionosphere stages and up to three troposphere stages for the wet, dry, and their
combined part.

3.6.1 lonospheric Multi-Stage Model

The four possible ionospheric correction stages are
e Global VTEC lonosphere Correction (Global VTEC (vertical TEC))
e Satellite-dependent Global lonosphere Correction STEC (Global STEC (slant TEC))
e Satellite-dependent Regional lonosphere Correction (Regional STEC)
e Gridded lonosphere Correction (gridded STEC).

The abbreviation STEC always implies the satellite-dependent character of the corrections — However, for the sake of
bandwidth optimization, all ionosphere correction values are transmitted as vertical-mapped values. The first three
stages model functional parts of the ionosphere while the last stage describes the residuals between those functional
parts and the observations. Different combinations of these stages are possible. For instance, the total ionospheric
influence within in the network can be represented by the gridded STEC only.

3.6.2 Tropospheric Multi-Stage Model

A three-stage model of the troposphere is supported in SSRZ:
e Global Troposphere
e Regional Troposphere
e Gridded/residual/ site Troposphere

Each troposphere stage can be associated with the either the wet, dry, or dry-wet-combination part of the troposphere
model in order to take the different spatial scales of these components into account. In general, troposphere
corrections are represented as scale factors with respect to the troposphere reference model.

3.7 SSRZ Rice Encoded Data Blocks

3.7.1 Rice Encoder

The SSRZ format uses the Rice encoding algorithm (Rice (1972)) for data compression. It is a realization of an entropy
encoder that allows lossless data compression.

The implementation of a Rice encoding algorithm relies on the so-called bin size parameter p, known to both encoder
and decoder. A positive integer n is then encoded as the tuple (g, r) where:
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n=2°Pq+r (3.1)

q = |n/2P] (3.2)

r=n-—2Pq (3.3)

The value of g is unary coded (i.e. g times ‘1’ bits followed by one ‘0’ bit) and r is binary coded with p bits (truncated
binary coding).

In the SSRZ format an additional sign bit is used to cover negative integer ranges. The resulting negative zero (-0) is
used as a general invalid value indicator.

3.7.2 SSRZ Rice Block

The SSR parameters are usually float values x and are transformed into integers based on a predefined scale factor
resolution dx

xX=n-dx (3.4)

To reduce static and redundant information while maintaining flexibility in the SSRZ correction messages, both, the
scale factor dx and the bin size parameter p are substituted by the parameters dx,, a and p,, b, respectively:

dx = 2%dx, (3.5)

p=po+b (3.6)

The Default Resolution dx, and the Default Bin Size Parameter p are static (Default Rice) parameters and will be
part of the SSRZ metadata. The Scale Factor Indicator a is an unsigned integer value and gives the possibility to reduce
the scaling factor and therefore the numerical resolution. This feature can be used, e.g., to respond to (apparently)
decreasing bandwidth or increasing amount of date while providing full service with diminished accuracy.

The value of the bin size parameter strongly depends on the variation of the data to be compressed. In the SSRZ format
the bin size parameter is a dynamic parameter and determined by the minimum number of bits needed for the
compression of the data. The Bin Size Indicator b is an unsigned integer value and indicates the difference between
the used and default bin size parameter.

Both the SSRZ Resolution Indicator a and the SSRZ Bin Size Indicator b are dynamical/adaptive parameters. Together
with the Ng.ta encoded data, they compose a so-called SSRZ Rice-Block (Table 3.1). The Number of data values to be
compressed (Ngata) must be known. This parameter is dynamically derived from metadata settings and the number of
supported satellites, respectively.

Table 3.1 SSRZ Rice Block and corresponding Metadata

SSRZ Metadata (static parameters) ‘ SSRZ Rice Block
Default Rice Parameters Adaptive Rice Parameters
Default Resolution Default Bin Size Scale Factor Bin Size Ngata data
Parameter Indicator Indicator
dxo Po a b 0101101 ...
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3.7.3 SSRZ Rice encoded SSR Parameter Blocks

In general, an entropy encoder is most efficient when encoding data with similar/comparable statistical properties. If
two subsets of data with two distinct statistics are encoded together, the Bin Size Parameter p is dominated by the
subset with the larger variation. Thus, the subset with the lower variation is inefficiently encoded.

In SSR context, the statistical properties of the SSR parameters are closely related to the GNSS, mathematical
representations (orders) and grid properties. To optimize the data compression of SSR parameters, the SSRZ format
defines different Rice encoded SSR Parameter Blocks taking these specific influences as attributes into account.

3.7.3.1 SSRZ Compressed Satellite Parameter Block

Satellite-dependent correction parameters (e.g. clock and orbit corrections) of satellites from different GNSS may
possess different statistical properties. To optimize the data compression of these parameters independently from the
transmitted satellites the SSRZ Compressed Satellite Parameter Block includes SSRZ Rice Blocks that include Rice-
encoded data from all, a group or individual GNSS. The number of SSRZ Rice Blocks is denoted as Ngs. Table 3.2
illustrates the concept of the SSRZ Compressed Satellite Parameter Block and required metadata.

Table 3.2 SSRZ Compressed Satellite Parameter Block

The attribute of an SSRZ Compressed Satellite Parameter Block indicates which GNSS are bundled in the
corresponding SSRZ Rice Block. The last three rows show an example of three SSRZ Rice Block definitions
based on complementary GNSS attribute settings. A “1” (“0”) indicates that a system is (not) considered
in the corresponding SSRZ Rice block. The first block includes data from GPS and Galileo, the second and
third, respectively from GLONASS and BDS only. The white arrows illustrate the transmission sequence of
Scale Factor Indicator a, Bin Size Indicator b, and Rice encoded data.

SSRZ Metadata (static parameters) SSRZ Rice Block(s)

Attribute Default Rice Parameters Adaptive Rice parameters
GNSS Default Default Bin Size | Scale Factor | Bin Size Rice encoded
Resolution Parameter Indicator Indicator data
G R S E C J dxo Po a b 0101110

Nrs Rice Blocks
o
=
o
o
o
o

w
)
o
o
[
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o
3
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3.7.3.2 SSRZ Compressed Signal Bias Block

The SSRZ Compressed Signal Bias Block allows the combination of different signals from different GNSS in one Rice
Block. Table 3.3 SSRZ Compressed Signal Bias Block illustrates the concept of the SSRZ Compressed Signal Bias Block
and required metadata.

Table 3.3 SSRZ Compressed Signal Bias Block

The attribute of the SSRZ Compressed Signal Bias Block indicates which signals are bundled in the
corresponding SSRZ Rice Block. The last four rows illustrate the attribute setting to transmit the signals
(G:1P, E:8Q), (R:1P), (R:2C, E:7Q) and (G:2C, G:2P, and E:5X) in one SSRZ Rice Block. The white arrows
illustrate the transmission sequence of Scale Factor Indicator a, Bin Size Indicator b, and Rice-encoded
data.
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SSRZ Metadata (static parameters) SSRZ Rice Block(s)

Attribute Default Rice Parameters Adaptive Rice-Parameters
Signals per frequency and GNSS | Default Default Bin Size | Scale-Factor | Bin-Size Nyata data
Resolution Parameter Indicator Indicator

G R E dxo Po a b 0101110
1P = 3Q | & g
| S N
e - 1P 2 | 5 O
3 - 5 3
S 2c | 7Q | © 3
& | | 8 &
=| 2C, 2P = 5X I I s

3.7.3.3 SSRZ Compressed Chain Data Block

SSRZ inherently supports so-called native grids representing the GNSS network to avoid interpolation errors. The total
grid may consist of one or more chains. A chain describes a path through the grid (see section 12 for more details).
The gridded atmospheric SSR corrections are transmitted according to the point order per chain. In a multi-stage
approach the gridded atmospheric correction messages are able to transmit the residuals with respect to other stages
while in a single model approach they are able to transmit all atmospheric corrections. Thus, gridded correction
parameters probably show local correlations. In this case a gridded data predictor can be applied in SSRZ (section
12.1.3) to compensate these correlations. However, at least the first value has to be transmitted as an absolute value.
SSRZ enables the bundling of gridded correction parameters per chain in one SSRZ Rice Block or in two, whereby the
first one includes the first value and the second SSRZ Rice Block the remaining parameters. The number of SSRZ Rice
Blocks (per chain) is indicated by the attribute “predictor application flag”. As the efficiency of the predictor application
depends on the data itself, SSRZ allows the adaptive application and the attribute of the SSRZ Compressed Chain Data
Block is part of correction message. Table 3.4 illustrates the combination of attribute, Rice-parameters and SSRZ Rice
Blocks for two chains.

Table 3.4 SSRZ Compressed Chain Data Block

The SSRZ metadata required for the SSRZ Compressed Chain Data Block are the Default Rice-Parameters
as well as the grid definition including the number of grid points per chain. A correction message includes
SSRZ Rice Blocks and the (adaptive) attribute predictor flag. The last three lines of the table show the two
possible cases of SSRZ Rice Block transmission: In the first case the predictor is not applied and all
Npts/chain Values (per chain) are part of one SSRZ Rice Block. In the second case the predictor is applied.
Thus, the first value and the Ny chain — 1 values of the chain are transmitted in separated SSRZ Rice

Blocks.
SSRZ Metadata (static parameters) SSRZ Rice Block(s)

Default Rice Parameters Grid Definition Adaptive Rice-Parameters

Default Default Bin Size | Number of Pts. Attribute Scale-Factor | Bin-Size Ngata data

Resolution Parameter per Chain Indicator Indicator

dxo Po Np¢s Predictor Flag a b 0101110

) do not apply Nypts/chain g 3
S g o
o wm B
° apply 1 g =
= I | D
= i | Npts/chain -1 =

© 2018-2020 Geo++® GmbH Page 14 of 102 SSRZ Format

-wo) 7yss




3.7.3.4 SSRZ Compressed Coefficients Block

In SSRZ a few functional atmospheric models are represented by Chebyshev polynomials in two dimensions X and Y
(the meaning of X and Y is specific for each functional SSR parameter and described in the corresponding model).
Let I and m denote the order of the coefficients a;;,, in X and Y direction, respectively. The value of the functional
model parameter at a point (x, y) is then given by

M Mm
flx,y) = z Ay p(x, 1) p(y,m),V model — supported a;,,, . (3.7)
=0 m=0
Whereby p(x, 1) and p(y, m) are the polynomials in X and Y direction of order [ and m with M; and M,, being the
maximum orders of [ and m.

To account for different ranges of coefficients for orders m + [ the SSRZ Compressed Coefficients Block offers the
order [ + m as attribute to define SSRZ Rice Blocks. This attribute information is represented by bit mask whose length
L41 is obtained from

Liym = max(l +m) + 1. (3.8)

Table 3.5 SSRZ Compressed Coefficients Block

The attributes of the SSRZ Rice Blocks within a Compressed Coefficients Block are the polynomial orders.
The example in the last three rows shows the definition of three SSRZ Rice Blocks bundling the Oth, the
1%t and 2", and 3™ order coefficients. A “1”(“0”) indicates that order m + L is (not) considered in the
corresponding SSRZ Rice Block.

SSRZ Metadata (static parameters) SSRZ Rice Block(s)

Rice Block Attribute Default Rice Parameters Adaptive Rice-Parameters
m+ 1 Default Default Bin Size | Scale Factor Bin Size Ngata data
Resolution Parameter Indicator Indicator

0 1 2 3 dxo Po a b 0101110
1 0 0 0 o
e R
@ - (@)
£ 0 1 1 0 g S
¥ o

0 0 0 1

In general polynomial coefficients can be organized within an upper left triangle fashion. The transmitted sequence of
coefficients of order [ + m corresponds to sequence of the anti-diagonal elements supported by the model. Figure 3
Sequence of polynomial Coefficients with respect to order I+ m and different model configuration examples
(“triangle” and “box”). shows the sequences of coefficients with respect for different model configurations.

oo Qo1 9o2 Qo3 apo Qo1
Ao G711 G927 Ao Q11
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Order I + m | Sequence of Coefficients a;,,, (“triangle”)  Orderl+m  Sequence of Coefficients a;,, (“box”)

0 Qoo 0 Qoo
1 Qo1, 10 1 Qo1,A10
2 Aoz, A11, A2 2 ay1, Az
3 Qo3, 12,021,030 3 az1

Figure 3 Sequence of polynomial Coefficients with respect to order I + m and different model configuration
examples (“triangle” and “box”).

3.7.3.5  SSRZ Compressed Satellite-dependent Coefficients Block

The global satellite-dependent global and regional stages provide a set of (Chebyshev) polynomial coefficients per
satellite. These coefficients are transmitted within SSRZ Rice Blocks in a SSRZ Compressed Satellite-dependent
Coefficients Block. The SSRZ Rice Blocks are defined by order m + [. The sequence of coefficients within an SSRZ Rice
Block is in increasing order of the satellite and GNSS. Table 3.6 clarifies the sequence order of coefficients in a SSRZ
Compressed Coefficients Block (Table 3.5) and a SSRZ Compressed Satellite dependent Coefficients Block.

Table 3.6 Order of transmitted coefficients in SSRZ Compressed Coefficient Data Block

Sequence of Coefficients a;,;, Sequence of Coefficients a;,;,, in Satellite-dependent Compressed
in Compressed Coefficient Coefficient Data Block

Data Block
0 Qoo a00(G1), ago(G2), .., Ago(R1), ago(R1), -..
1 Qp1, 10 a01(G1),-, @01 (R1), ., @10(G1), -, a10(Ry), ..
2 Qp2,A11,0A20 a02(G1),..,002(R1), v, @11(G1), oo, A11(Ry), ..., A0 (G1),..., A20(R1) ...
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4 General Transport Layer/Framing

The SSRZ binary format is not designed for any special transport layer. Any suitable transport layer or framing can be
added to the SSRZ format.

One feasible option is to use RTCM3 framing (RTCM 2016). Within the RTCM Standard proprietary messages are
assigned to a specific company for the broadcast of proprietary data. The format is similar to other RTCM messages,
in that the transport layer is defined in the same way, and the first data field is the 12-bit message type number. The
message type number “4090” is reserved for Geo++ proprietary messages (see Table 4.1). Geo++ proprietary messages
are also referred to as RTCM3++ messages.

For information on the general RTCM transport layer refer to the RTCM Standard document.

Table 4.1 RTCM Proprietary Message Type

Message Type Organization Contact

4090 Geo++ http://www.geopp.de

Within the RTCM Geo++ Proprietary Messages several sub-types of messages are defined, but they all utilize the
assigned RTCM3 message type 4090.

The sub-types support different Geo++ Proprietary Messages. For Geo++ SSRZ data the Sub-Type 7 is reserved.

To reduce the size of SSRZ messages in the transport layer the RTCM3 framing (consisting of 3 byte header including
the message length and a 3 bytes checksum) and even the SSRZ header (consisting of RTCM3 message type DF002 and
SSRZ sub-type ZDF000) can be omitted or substituted, if the transport layer ensures a checksum and length
information.
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5 SSRZ Message Type Summary

The SSRZ data are organized in different messages according to the update and service aspects. Table 5.1 describes
the SSRZ message types. The message type is prefixed with “ZM” to indicate the SSRZ format content. The message
types ZM001 — ZMO010 are SSR correction messages (mostly updated in seconds) while the subsequent message types
contain the SSRZ Metadata. SSRZ Metadata will be available via text file, internet, or they are broadcast as separate
messages or split and piggybacked on the correction message stream. The different background gray-scales indicate
the length of needed bits per SSRZ Message Type Indicator (2,5,9 bits).

Table 5.1 SSRZ Message Types

SSRZ Message Name No. of Bits per Chapter
Message Message indicator
Type

ZMO001 SSRZ High Rate Correction 2 Update interval ~5s 8.1

ZM002 SSRZ Low Rate Correction 2 Update interval ~30s 8.2

ZMO003 SSRZ Gridded lonosphere 2 Update interval ~30s 8.3
Correction

ZMO004 SSRZ Gridded Troposphere 5 Update interval ~30s 8.4
Correction

ZMO005 SSRZ Satellite dependent 5 Update interval ~30s 8.5
Regional lonosphere
Correction

ZMO006 SSRZ Global VTEC lonosphere 5 Update interval ~30s 8.6
Correction

ZM007 SSRZ Regional Troposphere 5 Update interval ~30s 8.7
Correction

ZM008 SSRZ QIX Bias Correction 5 Update interval ~days 0

ZM009 SSRZ Time Tag 5 Update interval ~hours 8.8

ZMO010 Reserved 5

ZMO011 SSRZ Satellite Group 9 offline/ online/ broadcast/ 9.1
Definitions piggybacked

ZMO012 SSRZ Metadata Definition 9 offline/ online/ broadcast/ 9.2

piggybacked
ZMO013 SSRZ Grid Definition 9 offline/ online/ broadcast/ 9.3
piggybacked

Reserved 9
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6 SSRZ Data Type Summary

Table 6.1 shows the used data types in SSRZ. In addition to the signed and unsigned integer types Table 6.1 includes
the types Prefix Codes PC() and float. The Prefix Codes PC() are described and section Prefix Coding 6.1 and the float32
represents a float value according to IEEE Standard for Floating Point Arithmetic (IEEE-754).

Table 6.1 SSRZ Data Type Summary

Data Type Description Data Type Notes

bit(n) bit field 0 or 1, each bit - Reserved bits set to “0”

int8 8 bit 2’s complement integer +127 -128 indicates data not available

int12 12 bit 2’s complement integer + 2047 -2048 indicates data not available

intl4 14 bit 2’s complement integer +8191 -8192 indicates data not available

intl6 16 bit 2’s complement integer + 32,767 -32,768 indicates data not available
intl7 17 bit 2’s complement integer + 65,535 -65,536 indicates data not available
int20 20 bit 2’s complement integer + 524,287 -524,288indicates data not available
int21 21 bit 2’s complement integer + 1,048,575 -1,048,576 indicates data not available
int22 22 bit 2’s complement integer +2,097,151 -2,097,152 indicates data not available
int24 24 bit 2’s complement integer + 8,388,607 -8,388,608 indicates data not available
int27 27 bit 2's complement integer +67,108,814 -67,108,815 indicates data not available
int28 28 bit 2's complement integer + 134,217,727 -134,217,727 indicates data not available
int29 29 bit 2's complement integer + 268,435,455 -268,435,455 indicates data not available
int30 30 bit 2's complement integer + 536,870,911 -536,870,911 indicates data not available
int32 32 bit 2’s complement integer +2,147,483,647 -2,147,483,648 indicates data not available
uintl 1 bit unsigned integer Otol

uint2 2 bit unsigned integer Oto3

uint3 3 bit unsigned integer Oto7

uint4 4 bit unsigned integer Oto 15

uint5 5 bit unsigned integer Oto31

uint6 6 bit unsigned integer 0to 63

uint8 8 bit unsigned integer 0to 255

uint10 10 bit unsigned integer 0to 1023

uintl1 11 bit unsigned integer 0to 2047

uint12 12 bit unsigned integer 0 to 4095

uint16 16 bit unsigned integer 0to 65,535

uint20 20 bit unsigned integer 0to 1,048,575

PC(1,0) Prefix Coding >0 Flexible length (Table 6.2)

PC(2,0) Prefix Coding >0 Flexible length (Table 6.2)

PC(2,1,5) Prefix Coding >0 Flexible length (Table 6.2)
float32 Float value representation according to IEEE-754

© 2018-2020 Geo++® GmbH

Page 19 of 102

SSRZ Format




6.1 Prefix Coding

Besides the Rice encoding the SSRZ format uses different prefix encoder settings for different purposes (e.g. SSRZ
message ID, Continuity Counters, adaptive Rice parameters). Prefix Codes PC() are sequences of bit blocks. The SSRZ
uses different prefix encoder settings to describe the length of these bit blocks. The setting is described by two
mandatory and one optional parameter: the number of bits of the first block N, , the increment of bits db and the
maximum number of bits per (additional) bit block N,,,,,, respectively, PC(Ny, db, N;,,4,). In general, a new bit block
is added to the sequence if the previous one includes only “1” bits.

Three examples of the prefix coding are given in Table 6.2. The PC(1,0) coding is similar to unitary representation of
aninteger value. PC(2,0) and PC(2,1,5) start with two bits for values from 0 to 2. A value of 3 is encoded by an additional
bit block with 2 and 3 bits in length, respectively. If a new bit block is required for increasing values, PC(2,0) always
adds a two-bits block. In contrast, PC(2,1,5) firstly increases the bit block length by one bit up to five bits and adds five-
bits blocks afterwards (c.f. integer value 56 in Table 6.2).

Table 6.2 SSRZ Prefix Codes PC()

Integer value ‘ PC(1,0) PC(2,0) PC(2,1,5)

0 0 00 00

1 10 01 01

2 110 10 10

3 1110 1100 11000

4 11110 1101 11001

5 111110 1110 11010

6 1111110 1111 00 11011

7 11111110 111101 11100

8 111111110 111110 11 101

9 1111111110 111111 00 11110

10 11111111110 11111101 11 111 0000

11 111111111110 11111110 11111 0001

55 111..10 1111111111..01 111111111 11110
56 111..110 1111111111 ...10 111111111 11111 00000
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7 SSRZ Data Field and Data Block Summaries
7.1 SSRZ Data Field Summary

Table 7.1 describes the SSRZ Data Fields required to support the compressed SSRZ messages. The data fields are
prefixed with “ZDF” to indicate the SSRZ relevant content. The decoded data fields are documented together with the
model representation in chapters 8 and 9. The bold capital letters U and M emphasize the association with an SSRZ
Update and/or Metadata message. Gray numbered data fields without a name are reserved.

Table 7.1 SSRZ Data Fields

ZDF Name ZDF Range ZDF Data Field Notes

Resolution

ZDF001 Reserved - - bit(n) All reserved bits should be set to “0”.
However, since the value is subject to change
in future versions, decoding should not rely on
a zero value.

U+M

ZDFo02 | SSRZ Message Type 0-X = PC(2,1,5) | SSRZ message type number:

Number Indicator
0-2: SSRZ message number 1-3

3-9: SSRZ message number 4-10
10-24: SSRZ message number 11-25

U

7DF003 SSRZ Metadata 0-X
Type Number

- uint8 This field identifies the metadata content and
is individually for each message. The meaning
of this data field is described in chapter 9 for
each metadata message.

0: reserved

M

ZDF004 SSRZ Message ID bit(n) This bit mask indicates the SSRZ messages of

Bit Mask the data stream.

The length of this bit mask depends on the

SSRZ Metadata Tag (ZDF020) in ZMBO025 (Table
9.14).

M

ZDF005 SSRZ Metadata I0D 0-3 bit(2) This field represents the issue of metadata

IODM and is required for the correct
association of SSRZ update messages and their
corresponding metadata.

M+U

ZDF006 SSRZ Metadata bit(1) This field announces the availability of new

Announcement Bit metadata (with new SSRZ Metadata 10D
ZDFO005) that will be required after a metadata
update.

U

SSRZ System and Satellite related Data Fields
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ZDF010

Number of SSRZ
Low Rate Satellite
Groups

1-32

uint5

Total number of defined SSRZ Low rate
Satellite Groups Ng(tr).

Ng(r)=ZDF010+1

In ZMBO011 Ng(r)=ZDF010 if the corresponding
Metadata Tag ZDF020 is 1.

M

ZDF011

Number of SSRZ
High Rate Satellite
Groups

1-32

uint5

Total number of defined SSRZ High Rate
Satellite Groups Ng(Hr).

NgHr)=ZDFO011+1

In ZMB011 Ng(Hr)=ZDF011 if the corresponding
Metadata Tag ZDF020 is 1.

M

ZDF012

SSRZ GNSS ID
Bit Mask

16

- bit(16)

SSRZ GNSS ID Bit Mask indicates the GNSS
supported by the format/service provider. The
order of bits is in ascending order of SSRZ
GNSS IDs in Table 10.1.

A bit is set to ‘1’ if the maximum Satellite ID
(ZDF013) is greater 0.

M

ZDF013

SSRZ Maximum
Satellite ID per
GNSS and Group

0to 127

- uint7

The maximum Satellite ID (Table 10.2) per
GNSS and Group Manss,G.

The maximum Satellite ID is not necessarily
the maximum number of supported satellites.

M

ZDF014

Satellite Group
Definition Mode

- uint4

The Satellite Group Definition Mode indicates
formation rules.

0: list mode - groups are defined according to
Satellite Group Bit Mask per GNSS (ZDF015).

1-5: reserved

6: GNSS mode — set all satellites from the
lowest to the maximum satellite number
indicated by ZDF013.

7-15: reserved

M

ZDF015

Satellite Group Bit
Mask per GNSS

Na,Gnss

This bit mask indicates the satellite IDs per
GNSS associated with the satellite Group G.
The length of this field is defined by maximum
Satellite ID per GNSS for this group (ZDF013).

‘0’": satellite is not part of this Satellite Group.

‘1": satellite is part of this Satellite Group.
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This field is not necessarily be transmitted but
is able to represent all group definitions
derived from ZDF013 and ZDF014.

M
ZDF016 SSRZ Satellite bit(Newr)) | This bit mask indicates the combination of
Group List Bit Mask or different Satellite Groups per (satellite-

bit(Ner)) | dependent) update message. The length of this
bit mask is given by the Number of SSRZ Low
Rate (ZDF010) or High Rate Satellite Groups
(ZDF011), respectively.

U

per GNSS

This bit mask indicates the satellites of one
system with valid SSR correction parameters in
a satellite-dependent SSR correction message.

The order and total number of satellites per
GNSS represented by this bit mask is given by
the total number of satellites per GNSS set in
the satellite groups which are combined in the
SSRZ satellite group list, indicated by ZDF016.

‘0’: satellite not available
‘1’: satellite available

U

ZDF018 Satellite Bit Mask bit(n) The Satellite Bit Mask is the sequence of the
Satellite Bit Masks per GNSS (ZDF017)
according to ascending GNSS ID order given in
Table 10.1.

U

ZDF019 | SSRZSignal Bit 32 bit(32) | SSRZ Signal Bit Mask per GNSS indicates the
Mask per GNSS signals according to Table 10.3 per GNSS.

M
SSRZ Metadata Offset and Metadata Tags

ZDF020 SSRZ Metadata Tag 0-X - PC(8,0) This field indicates if and how metadata has to
be read.
M
ZDF041 Size of specific SSRZ 0-8191 uint13 Number of bits of the SSRZ Message Blocks.
Metadata Message
Block
M
Metadata Main Data Fields
ZDF042 Number of SSRZ PC(2,1,5) | This field indicates the number of Rice Blocks
Rice Blocks defined for an SSR parameter by specific
attributes.
M
ZDF043 Default Bin Size PC(2,1,5) | This field indicates the Default Bin Size
Parameter Parameter p,.

© 2018-2020 Geo++® GmbH Page 23 of 102 SSRZ Format



M
ZDF044 Number of 0-3 uint2 Number of components related to a specific
components per SSR parameter.
SSR parameter type M
ZDF045 Number of SSRZ PC(2,0) Number of SSRZ Signal Rice Blocks
Signal Rice Blocks M
ZDF046 Default Bin Size PC(2,0) This field indicates the Default Bin Size
Parameter of Parameter p, of Signal Bias Block.
encoded Signal Bias M
SSRZ Timing Data Fields
ZDF050 SSRZ 15 minutes 0-899 1s uint10 Full seconds since the beginning of a 15min
Time Tag interval.
M+U
ZDFO51 | GPS week number 0-4095 1week uint1z | GPS week number. Starting on the night of
January 5/morning January 6, 1980.
M+U
ZDF052 | GPS epoch time 1s 0-604799 1s sy | W sEsngSs s ezl e dhe G5
week.
M+U
ZDFO053 Length of SSR 0-63 1s uint6 This field indicates the length of an SSR update
Update Interval interval that is identical to its nominal validity
time of an SSR parameter w.r.t. to SSRZ
message and satellite group(s), respectively.
M
ZDF054 SSR Offset Interval 0-63 1s uint6 Interval offset of an SSR parameter w.r.t. to
SSRZ message and satellite group(s),
respectively.
M
ZDF055 Number of Satellite 1-32 uint5 This field indicates the number of satellite
dependent Timing dependent Timing Blocks Nriming.
Blocks Nriming = ZDF055 + 1
M
ZDF056 SSR Length of SSR 0-X 1s PC(6,0) This field indicates the length of an SSR update
Update Interval interval T pqq¢e that is identical to its nominal
validity time of an SSR parameter.
Tyupdaate=2DF056+1
M
ZDFO57 SSR Update Interval 0-X 1s PC(6,0) This field indicates the temporal offset T fger
Offset of an SSR update interval.
Toffset=ZDF057
M
ZDF058 Number of Update 0-X 1 PC(3,0) This field indicates the number Ny g
and Offset Blocks
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of Update and Offset Blocks (ZDB040) within
an SSRZ Timing Parameter Block (ZDB041).
N;p=ZDF058+1
M
SSRZ Default Resolutions (The final resolution settings are TBD)
ZDF060 SSRZ High Rate 0.0001m - X 0.0001m PC(10,0) | This field represents the Default Resolution
Clock Default dx, of the SSRZ High Rate Clock parameter
Resolution used in the corresponding SSRZ Rice Block.
dx, = ZDF060 - 0.0001m
M
ZDF061 SSRZ High Rate 0.0001m - X 0.0001m PC(10,0) | This field represents the Default Resolution
Radial Orbit Default dx, of the SSRZ High Rate Orbit Radial
Resolution component used in the corresponding SSRZ
Rice Block.
dx, = ZDF061 - 0.0001m
M
ZDF062 SSRZ Low Rate 0.0001m - X 0.0001m PC(10,0) | This field represents the Default Resolution
Clock C, Default dx, of the SSRZ low Rate Clock C, parameter
Resolution used in the corresponding SSRZ Rice Block.
dxy, = ZDF062 - 0.0001m
M
ZDF063 SSRZ Low Rate 0.01mm/s - X 0.01mm/s PC(10,0) | This field represents the Default Resolution
Clock C; Default dx, of the SSRZ low Rate Clock C; parameter
Resolution used in the corresponding SSRZ Rice Block.
dx, = ZDF063 - 0.01mm/s
M
ZDF064 SSRZ Low Rate 0.0001m - X 0.0001m PC(10,0) This field represents the Default Resolution
Radial Orbit Default dx, of the SSRZ Low Rate Radial Orbit
Resolution component used in the corresponding SSRZ
Rice Block.
dx, = ZDF064 - 0.0001m
M
ZDF065 SSRZ Low Rate 0.0001m - X 0.0001m PC(8,0) This field represents the Default Resolution
Along-Track Orbit dx, of the SSRZ Low Rate Along-Track Orbit
Default Resolution component used in the corresponding SSRZ
Rice Block.
dx, = ZDF065 - 0.0001m
M
ZDF066 SSRZ Low Rate 0.0001m - X 0.0001m PC(8,0) This field represents the Default Resolution
Cross-Track Orbit dx, of the SSRZ Low Rate Cross-Track Orbit
Default Resolution component used in the corresponding SSRZ
Rice Block.
dx, = ZDF066 - 0.0001m
M
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ZDF067 SSRZ Low Rate 0.00lmm/s-X | 0.001mm/s PC(10,0) This field represents the Default Resolution
Radial Velocity dx, of the SSRZ Low Rate Radial Velocity
Default Resolution component used in the corresponding SSRZ
Rice Block.
dx, = ZDF067 - 0.001mm/s
M
ZDF068 SSRZ Low Rate 0.00lmm/s-X | 0.001mm/s PC(10,0) This field represents the Default Resolution
Along-Track dx, of the SSRZ Low Rate Along-Track Velocity
Velocity Default component used in the corresponding SSRZ
Resolution Rice Block.
dx, = ZDF068 - 0.001mm/s
M
ZDF069 SSRZ Low Rate 0.001mm/s- X | 0.001mm/s PC(10,0) | This field represents the Default Resolution
Cross-Track dx, of the SSRZ Low Rate Cross-Track Velocity
Velocity Default component used in the corresponding SSRZ
Resolution Rice Block.
dx, = ZDF069 - 0.001mm/s
M
ZDF070 SSRZ Low Rate 0.0001m - X 0.0001m PC(11,0) | This field represents the Default Resolution
Code Bias Default dx, of the SSRZ Low Rate Code Bias
Resolution corrections used in the corresponding SSRZ
Rice Block.
dx, = ZDF070 - 0.0001m
M
ZDF071 SSRZ Low Rate 1-X 1 PC(5,0) This field indicates the cycle range of the
Phase Bias Cycle phase bias values Npg cyc-
Range M
ZDF072 SSRZ Low Rate 1-X 1 PC(5,0) This field represents the number of bits
Phase Bias Bitfield Npg pits used to transmit the SSRZ Phase Bias
Length corrections.
M
ZDF073 SSRZ Maximum 1-X 1 PC(3,0) This field indicates the maximum length of the
T e Continuity/Overflow indicator.
Continuity/
Overflow bits M
ZDF074 SSRZ Default 0.001 TECU-X | 0.001TECU PC(4,0) This field indicates the Default Resolution dx,
Resolution of the of the Chebyshev Coefficients used to describe
Satellite-dependent the Global Satellite lonospheric corrections.
Global lonosphere dx, = ZDF074 - 0.001 TECU
corrections
M
ZDF075 SSRZ Gridded 0.001 TECU-X | 0.001 TECU PC(4,0) This field indicates the Default Resolution dx,
lonosphere of the gridded lonosphere corrections.

Correction Default
Resolution

dx, = ZDF075 - 0.001 TECU
M
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Default Resolution

ZDF076 SSRZ Gridded 0.00001 0.00001 PC(8,0) This field indicates the Default Resolution dx,
Troposphere Scale of the gridded troposphere corrections.
Factor Default dx, = ZDF076 - 0.00001
Resolution
M
ZDF077 SSRZ Gridded TBD TBD TBD TBD
Troposphere
Gradient Default "
Resolution
ZDF080 SSRZ Default 0.001 TECU-X | 0.001 TECU PC(4,0) This field indicates the Default Resolution dx,
Resolution of the of the Chebyshev Coefficients representing the
Satellite-dependent RSI corrections.
Regional dx, = ZDF080 - 0.001 TECU
lonosphere
_ M
Coefficients
ZDF081 SSRZ Default 0.001 TECU-X | 0.001 TECU PC(4,0) This field indicates the Default Resolution dx,
Resolution of of the Global VTEC coefficients.
Global VTEC dx, = ZDF081 - 0.001 TECU
lonosphere R Q0T .
Coefficients is field is used if the corresponding
metadata tag ZDF020 is 2.
M
ZDF082 SSRZ Default 1075 TECU - X - PC(8,0) This field indicates the Default Resolution dx,
Resolution of of the Global VTEC coefficients.
Global VTEC dx, = ZDF082 - 1075 TECU
lonosphere This field i difth di
Coefficients is field is used if the corresponding
metadata tag ZDF020 is larger than 2.
M
ZDF085 SSRZ Default 0.00001 - X 0.00001 PC(8,0) This field indicates the Default Resolution dx,
Resolution of the of the Chebyshev Coefficients used to describe
Regional the Regional Troposphere corrections.
T
roposphere Scale dx, = ZDF085 - 0.00001
factor
M
ZDF086 SSRZ Default 0.000001 - X 0.000001 PC(8,0) This field indicates the Default Resolution dx,
Resolution of rad™?! of the mapping improvement parameters used
Regional to describe the regional troposphere
Troposphere corrections.
Mapping dx, = ZDF086 - 0.000001 rad~!
Improvements
M
ZDF087 Reserved
ZDF088 Reserved
ZDF089 SSRZ QIX Code Bias 0.01 mm -X 0.01 mm PC(7,0) This field represents the Default Resolution

dx, of the SSRZ QIX Code Bias corrections
used in the corresponding SSRZ Rice Block.

dx, = ZDF089 - 0.01mm
M
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ZDF090 SSRZ QIX Phase Bias 0.01 mm -X 0.01 mm PC(7,0) This field represents the Default Resolution
Default Resolution dx, of the SSRZ QIX Phase Bias corrections
used in the corresponding SSRZ Rice Block.
dx, = ZDF090 - 0.01mm
M
SSRZ Grid Definition Data Fields
ZDF091 Number of Grids 0-X 1 PC(4,0) This field indicates the number of grids Ngrid.
Ngrie=Z2DF091
M
ZDF092 Order indicator of 0-X 1 PC(2,1,0) | This field indicates the order m of the
the grid point resolution.
coordinate The final resolution in units of rad is given by
resolution
dx =n-10"G+m
M
ZDF093 Integer part of the 0-255 1 uint8 This field describes the integer part n of the
coordinate coordinate resolution
resolution M
ZDF094 Number of Chains 0-X 1 PC(4,0) This field indicates the number of chains Nchain
in the corresponding grid.
Nchain=2DF094+1
M
ZDF095 Number of Grid 0-X 1 PC(5,0) This field indicates the number of grid points
Points per Chain per chain Npts/chain.
Npts/chain =ZDF095+1
M
ZDF096 Grid Bin Size 0-X 1 PC(4,0) This field indicates the bin size parameter p
Parameter (see 3.7.1) used for the Rice encoder
M
ZDF097 Use Baseline Flag 0-1 1 bit(1) This parameter indicates if the baseline of the
previous (last) triangle is identical with the
baseline of the current triangle (1) or if the
next baseline has to be used to reconstruct the
current triangle.
M
ZDF098 Point Position Flag 0-1 1 bit(1) This parameter describes if the third point of
the triangle is located left(1) or right(0) with
respect to the baseline pointing from base
point 1 to base point 2.
M
ZDF099 Add Baseline Left 0-1 1 bit(1) If this flag is set (1) the baseline point located
Flag left from a line pointing from the midpoint of
the baseline to third point of the triangle and
the third point of the triangle form an
additional baseline. This new baseline vector
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points from the current baseline point to the
third point.
M
ZDF100 Add Baseline Right 0-1 1 bit(1) If this flag is set (1) the third point of the
Flag triangle and the baseline point located right
from a line pointing from the midpoint of the
baseline to third point of the triangle form an
additional baseline. This new baseline vector
points from the third point to current baseline
point.
M
ZDF101 Height Flag 0-1 1 bit(1) This flag indicates if grid point height data are
provided (1) or not (0).
M
ZDF102 Grid Point Height 0-X 1 PC(5,0) This field indicates if grid point height data
Resolution transmitted and if so with which resolution.
0: no height information
>0: height information available with
resolution ZDF102 in units of meters
M
ZDF103 Gridded Data 0-1 1 bit(1) This flag indicates if the grid point indices for
Predictor Points the gridded data predictor are provided (1) or
Flag not (0).
M
ZDF104 Predictor Point PC(2,0) This field enables the computation of a point
Indicator index required for the gridded-data predictor.
M
ZDF105 Grid ID 0-X PC(4,0) The field indicates a grid.
M+U
ZDF106 Grid IOD 0-7 3 bit(3) This field represents the Issue of Data of a grid
with a certain Grid ID (ZDF105). The
identification of a valid grid is done by the two
values Grid ID (ZDF105) and Grid IOD (ZDF106)
M+U
SSRZ Specific Troposphere Component Data Fields
ZDF107 Troposphere Basic bit(16) This field indicates the tropospheric
Component Bit components. Reserved bits are used in the
Mask future to allow for more complex troposphere
models. According to LSB:
bit 0: dry
bit 1: wet
bit 2: total
bit 3: mapping improvements
bits 4-15: reserved
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M+U

Bit Mask

ZDF108 Separated Layer bit(1) This field indicates that coefficients of
Flag different layers are transmitted in separated
Rice Blocks.
M
SSRZ Model Parameter Data Fields
ZDF110 Model ID uint8 M
ZDF111 Model Version uint8 M
ZDF112 Number of Integer uint8
Model Parameters M
ZDF113 Number of Float uint8
Model Parameters M
ZDF114 Integer Model Int32
Parameter M
ZDF115 Float Model Float32
Parameter M
ZDF116 Coefficient Order bit(n) This bit mask is used as the attribute in a

coefficient related Rice Block definition. The
length of this bit mask is derived from SSR
Model Parameters

M

SSRZ Global VTEC Metadata Data Fields

Harmonics Order

ZDF129 Global VTEC bin 0-X PC(3,1) This value is
size parameter
ZDF130 Number of TBD Number of lonospheric Layers L
lonospheric Layers The VTEC spherical harmonics model consists
of one or more infinitesimal thin ionospheric
layers.
L =7ZDF130 -1
M
7DF131 Height of TBD Height of the ionospheric layer [.
lonospheric Layer M
ZDF132 Spherical TBD Degree N, of spherical harmonic expansion of
Harmonics Degree global ionosphere in latitude in layer [.
M
ZDF133 Spherical TBD Order M, of spherical harmonic expansion of

global ionosphere in longitude in layer [.

M

SSRZ Satellite-dependent Global lonosphere Metadata Data Fields
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ZDF165

Number of Orders
in Latitude

0-X

PC(2,0)

ZDF134 Satellite-dependent bit(1) This flag indicates if satellite-dependent Global
Global lonosphere lonosphere Corrections are part of the SSRZ
Correction Flag Low Rate message (ZM002) and if metadata
for this SSR parameter are provided in
ZMBO002.
M
ZDF135 GSI polynomial type TBD TBD This field indicates, which coefficients are
transmitted.
0: ago
1: agp, ao1, A1
3: ago, Ap1) A10, o2, A11, A20
M
ZDF140 Height of GSI TBD TBD
lonospheric Layer M
SSRZ Satellite-dependent Regional lonosphere Metadata Data Fields
ZDF144 RSI Region ID TBD TBD Region ID of RSI model
M
ZDF145 RSI polynomial TBD TBD This field indicates, which coefficients are
Type transmitted.
0: agg
1: ago, g1, A10
2: ago, Ao1, o1, A11
3: ago, Ap1, A10, Ao2, Aoz
4: agg, Ap1, A10, Az, A11, A2
>4: reserved.
M
ZDF146 Reserved
ZDF147 Height of RSI TBD TBD
lonospheric Layer M
ZDF148 Latitude of RSI TBD TBD
Ground Point
Origin
M
ZDF149 Longitude of RSI TBD TBD
Ground Point
Origin
M
ZDF150 Height of RSI TBD TBD
Ground Point
Origin
M

SSRZ Regional Troposphere Correction Metadata Data Fields

This field indicates the number of orders of
regional troposphere coefficients in latitude

Nlat,RT
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Nlat,RT=ZDF165+1
The total number of coefficients per dry, wet,
or total troposphere component is given by
ZDF165, ZDF166, ZDF167
Ncomp,RT = Nigerr * Niongr Nhgt,RT
M
ZDF166 Number of Orders 0-X PC(2,0) Number of orders of regional troposphere
in Longitude coefficients in longitude Ny, pr
Nion rr=ZDF166+1M
ZDF167 Number of Orders 0-X PC(2,0) Number of orders of regional troposphere
in Height coefficients in height
Nhgt,RT=ZDF167+1M
ZDF168 Latitude of regional +90.0° 0.1° int11 Latitude of the regional troposphere Ground
troposphere Point Origin (GPO)
Ground Point
Origin
M
ZDF169 Longitude of +180.0° 0.1° int12 Longitude of the regional troposphere Ground
regional Point Origin (GPO)
troposphere
Ground Point
Origin
M
ZDF170 Height of regional +8191m 1.0 m Int14 Height of the regional troposphere Ground
troposphere Point Origin (GPO)
Ground Point
Origin
M
ZDF171 Number of 0-X PC(2,0) Number of horizontal Mapping Improvements
horizontal Mapping Mporizontal,rr=2DF171+1
Improvements
M
ZDF172 Number of 0-X PC(2,0) Number of Mapping Improvements in Height
Mapping My gt rr=2ZDF172+1
Improvements in
Height
M
ZDF173 Maximum Elevation 0° —63° uint6 This field indicates the maximum elevation for
for Mapping which the mapping improvements should be
Improvement applied.
M
ZDF174 Coverage TBD This field represents a coverage dependent
Dependent Factor factor Dgp that is used to normalize the
arguments of the Chebyshev polynomials.

SSRZ QIX Bias metadata fields
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ZDF199

Length of the SSRZ
BE IOD bit field

0-15

1bit

uint4

ZDF190 QIX Code Bias flag bit(1) This flag indicates the presence of the SSRZ
QIX Code Bias Rice Block in ZM008 and the
corresponding metadata in ZMBO00S.

M
ZDF191 QIX Phase Bias flag bit(1) This flag indicates the presence of the SSRZ

QIX Phase Bias Rice Block in ZM008 and the
corresponding metadata in ZMBO00S.

M

SRZ BE 10D Metadata fields

This field represents the number of bits
NBiob,enss used to represent 10D values in
ZDF303.M

ZDF200

SSRZ 10D Tag

PC(2,0)

This field indicates if and how the SSRZ IOD
have to be used.

0: reserved
1: use 10Ds without modification

M

ZDF201

SSRZ BE 10D Tag
GPS

0-X

PC(2,0)

This field indicates the length and computation
rule of the BE 10Ds of GPS satellites.

0: reserved
1: length of SSRZ BE 10D of GPS is TBD
M

ZDF202

SSRZ BE 10D Tag
GLONASS

PC(2,0)

This field indicates the length and computation
rule of the BE I0Ds of GLONASS satellites.

0: reserved
1: length of SSRZ BE IOD of GLONASS is TBD
M

ZDF203

SSRZ BE 10D Tag
Galileo

0-X

PC(2,0)

This field indicates the length and computation
rule of the BE I0Ds of Galileo satellites.

0: reserved
1: length of SSRZ BE 10D of Galileo is TBD
M

ZDF204

SSRZ BE 10D Tag
QZSS

0-X

PC(2,0)

This field indicates the length and computation
rule of the BE 10Ds of QZSS satellites.

0: reserved
1: length of SSRZ BE 10D of QZSS is TBD
M

ZDF205

SSRZ BE 10D Tag
SBAS

0-X

PC(2,0)

This field indicates the length and computation
rule of the BE I0Ds of SBAS satellites

0: reserved

M

ZDF206

SSRZ BE 10D Tag
BDS

0-X

PC(2,0)

This field indicates the length and computation
rule of the BE |0Ds of BDS satellites.
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0: reserved

1: length of SSRZ BE 10D of BDS is TBD

M
ZDF207 SSRZ BE 10D Tag 0-X PC(2,0) This field indicates the length and computation
IRNSS rule of the BE I0Ds of IRNSS satellites.
0: reserved

1: length of SSRZ BE 10D of IRNSS is TBD

M

ZDF208 SSRZ BE 10D Tag 0-X PC(2,0) 0: reserved
M

ZDF209 SSRZ BE 10D Tag 0-X PC(2,0) 0: reserved
M

ZDF210 SSRZ BE 10D Tag 0-X PC(2,0) 0: reserved
M

ZDF211 SSRZ BE 10D Tag 0-X PC(2,0) 0: reserved
M

ZDF212 SSRZ BE 10D Tag 0-X PC(2,0) 0: reserved
M

ZDF213 SSRZ BE 10D Tag 0-X PC(2,0) 0: reserved
M

ZDF214 SSRZ BE 10D Tag 0-X PC(2,0) 0: reserved
M

ZDF215 SSRZ BE 10D Tag 0-X PC(2,0) 0: reserved
M

ZDF216 SSRZ BE 10D Tag 0-X PC(2,0) 0: reserved
M

SSRZ Time Tag Message specific Data Fields

ZDF230 SSRZ Time Tag - PC(2,1)
Definition

ZDF231 SSRZ 1hour- 0-3570s 30s uint7
30seconds Time
Tag

ZDF232 SSRZ 1hour- 0-3595s 5s uint10
5seconds Time Tag

ZDF233 SSRZ 1hour- 0-3599s 1s uint12
1second Time Tag

ZDF234 SSRZ 1day-1second 0-86399s 1s uintl7
Time Tag

SSRZ Update Message Data fields

© 2018-2020 Geo++® GmbH Page 34 of 102 SSRZ Format



ZDF301 Scale Factor 0-X PC(2,0) This field represents the scale factor indicator
indicator a.
Together with Default Resolution values dx,
(ZDF060-ZDF90) the actual resolution dx of
the transmitted parameter value is computed
by
dx = 2%dx,

U+M

ZDF302 Bin Size Indicator 0-X PC(2,0) This field represents the bin size indicator b.
Together with Default Bin Size Parameter p,
(ZDF043) the actual used bin size parameter p
is computed by

P=Dpo+b

U+M

ZD303 Sign Bit 0-1 bit(1) This bit indicates the sign of a numerical value.
0: positive s = +1
1: negative sign s = —1
U+M

ZDF304 Rice Quotient PC(1,0) This data field represents the quotient part
q of the Rice encoded (unsigned integer) value
n.
U+M

ZDF305 Rice Remainder bit(p) This data field represents the quotient part r
of the Rice encoded (unsigned integer) value
n. The length of this field is given by the bin
size parameter p.
U+M

SSRZ Low Rate Correction Message Data Fields

ZDF309 SSRZ BE 10D - bit(n) This field indicates the Issue of Data of the
Broadcast Ephemeris.
The length of this field depends on GNSS and is
given by ZDF199 or the corresponding SSRZ BE
10D Tag fields (ZDF201-ZDF216).
U

ZDF310 Phase Bias Flag bit(1) This field indicates if the phase bias value is
valid.
V)

ZDF311 Phase Bias bit(Nes,bits) | This field represents a phase bias value. The

Indicator phase bias correction PB in units of cycles is

derived from the ZDF071 and ZDF072:
OPB = NPB’CyC/ZNPB,bitS
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ZDF312 Overflow/Discontin - PC(1,0) The SSRZ Overflow/Discontinuity Indicator
uity Indicator indicates the time since the last cycle slip (CS)
or cycle overflow (OF) occurred.

This field should be read as “No cycle slip or
overflow since the last t seconds”.

The time is normalized to the update interval
of SSRZ Low Rate Corrections.

Nbits: no CS since the last 0
Nbits-1: no CS since the last 30s

Nbits-2: no CS since the last 60s

0: no CS/OF since the last 2N ¢ 4.0

Nbits is given by ZDF073.
u

ZDF315 SSRZ predictor flag bit(1) This flag indicates if the gridded data are
encoded with the gridded-data predictor and
how the resulting SSRZ Rice Blocks have to

read.
U
ZDF320 SSRZ QIX Bias bit(1) This field indicates the presence of metadata
Metadata flag in the QIX Bias Message (ZM008).
U
ZDF330 SSRZ VTEC flag bit(1) This bit flag indicates if the message contains
valid VTEC parameters.
U
ZDF331 SSRZ Global VTEC 0-X PC(3,1,0) | This field represents the bin size indicator p
bin size indicator for the Global VTEC Rice Block encoding.

p = 10 + ZDF331

This field is only used if the corresponding
metadata tag ZDF020 is 2,3.

U

7.2 SSRZ Data Block Summary

Table 7.2 SSZ Data Blocks summarizes the SSRZ Data Blocks as they are essential parts of the SSRZ messages. The data
blocks are prefixed with “ZDB” to indicate the SSRZ relevant content. The definition together with a more detailed
explanation of each data block follows below.

Table 7.2 SSZ Data Blocks

ZDB001 Rice encoded integer value (block) Table 7.3
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ZDB ZDB Name Notes

ZDB002 SSRZ Rice Block Table 7.4

Compressed SSR Parameter Blocks

Grid Definition Blocks

ZDB003 SSRZ Compressed Satellite Parameter Block Table 7.5
ZDB004 SSRZ Compressed Signal Bias Block Table 7.6
ZDB005 SSRZ Compressed Chain Data Block Table 7.7
ZDB006 SSRZ Compressed Gridded Data Block Table 7.8
ZDB007 SSRZ Compressed Coefficients Block Table 7.9
ZDB008 SSRZ Compressed Satellite-dependent Coefficients Block Table 7.10

ZDB010 SSRZ Compressed Chain Block Table 7.11
ZDB011 SSRZ Predictor Point Indicator Block Table 7.12
ZDB012 SSRZ Grid Definition Block Table 7.13
ZDB018 SSRZ Timing Block Table 7.15
ZDB019 SSRZ Satellite dependent Timing Block Table 7.16

Rice Block Definition Blocks

SSRZ message-specific Blocks

ZDB020 SSRZ Signal Bit Mask Block Table 7.17
ZDB021 SSRZ Satellite Parameter Rice Block Definition Table 7.18
ZDB022 SSRZ Signal Rice Block Definitions Table 7.19
ZDB023 SSRZ Compressed Coefficients Block Definition Table 7.20
ZDB024 SSRZ Compressed Coefficients Block Table 7.21

ZDF030 SSRZ BE 10D Definition Block Table 7.23

ZDB031 SSRZ Phase Bias Signal Block Table 7.24

ZDB032 SSRZ Phase Bias Block Table 7.25

ZDB060 SSRZ Model Parameters Block Table 7.26
7.2.1 Rice-encoded integer value (ZDB001)

The Rice-encoded integer value (block) allows the decoding of the integer value m = s(2Pq + r)

Table 7.3 SSR Rice-encoded integer value ZDB001

Name Definition Number of Bits Notes
Sign Bit ZDF303 1 Symbol s
Rice Quotient ZDF304 variable Symbol g
Rice Remainder ZDF305 p Symbol r; p is the bin size parameter which can be
derived from ZDF302.
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7.2.2 SSRZ Rice Block (ZDB002)

The SSRZ Rice Block combines the adaptive Rice parameters and the sequence of Rice-encoded integer values. The
definition is given in Table 7.4.

Table 7.4 SSRZ Rice Block ZDB002

Definition Number of Bits
Scale Factor Indicator ZDF301 variable PC(2,0)
Bin size Indicator ZDF302 variable PC(2,0)
Rice-encoded integer value ZDB001 variable This block repeats for the number of parameters
considered in this Rice Block.

7.2.3 SSRZ Compressed Satellite Parameter Block (ZDB003)

The SSRZ Compressed Satellite Parameter Block is a sequence of SSRZ Rice Blocks (ZDB002) containing encoded values
of one satellite-dependent parameter (Table 3.2) . The number and order of the parameter values per SSRZ Rice Block
are determined by the attribute settings in the corresponding metadata as well as SSRZ Satellite Group and Satellite
Group List settings. The order of the values per SSRZ Rice Block is in accordance to the ascending order of Satellite IDs
per GNSS and to the ascending order of the set GNSS according to Table 10.1. The definition of the SSRZ Compressed
Satellite Parameter Block is given in Table 7.5.

Table 7.5 SSRZ Compressed Satellite Parameter Block (ZDB003)

Name Definition Number of Bits Notes

SSRZ Rice Block ZDB002 variable This Block is only present if the number of SSRZ Rice
Blocks for this SSR parameter is greater than 0 and if
the number of transmitted satellites (indicated by
ZDF018) for this Rice Block is larger than 0.

Satellite systems that have to be considered in this
SSRZ Rice Block are determined by the corresponding
GNSS IDs set in the metadata of the 15t SSRZ Rice Block
for this SSR parameter.

SSRZ Rice Block ZDB002 variable This Block is only present if the number of SSRZ Rice
Blocks for this SSR parameter is greater than 1 and if
the number of transmitted satellites (indicated by
ZDF018) for this Rice Block is larger than 0.

Satellite systems that have to be considered in this
SSRZ Rice Block are determined by the corresponding
GNSS IDs set in the metadata of the 2" SSRZ Rice
Block for this SSR parameter.

SSRZ Rice Block ZDB002 variable This Block is only present if the number of SSRZ Rice
Blocks for this SSR parameter is N and if the number of
transmitted satellites (indicated by ZDF018) for this
Rice Block is larger than 0.
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Definition

Number of Bits

Satellite systems that have to be considered in this
SSRZ Rice Block are determined by the corresponding
GNSS IDs set in the metadata of the N SSRZ Rice
Block for this SSR parameter.

7.2.4 SSRZ Compressed Signal Bias Block (ZDB004)

The SSRZ Compressed Signal Bias Block is a sequence of SSRZ Rice Blocks containing encoded values of Signal Biases.
The number and order of the signal bias values per SSRZ Rice Block is given by the SSRZ Satellite Group and Satellite
Group List settings as well as the signal indicators (the attributes of these SSRZ Rice Blocks) in the corresponding
metadata. The order of the values per SSRZ Rice Block is first in accordance to the ascending order of the set signals
according to Table 10.3 per satellite, second in the ascending order of Satellite IDs per GNSS and third to the
ascending order of set GNSS IDs according to Table 10.1. The definition of the SSRZ Compressed Signal Block is given

in Table 7.6.

Name

SSRZ Rice Block

Table 7.6 SSRZ Compressed Signal Bias Block ZDB004

Definition

ZDB002

Number of Bits

variable

Notes

This Block is only present if the number of SSRZ Rice
Blocks for this SSR signal bias (code or phase bias) is
greater than 0 and if the number of transmitted
satellites (indicated by ZDF018) for this Rice Block is
larger than 0.

Signals that have to be considered in this SSRZ Rice
Block are determined by the corresponding signal
settings in the metadata of the 15t SSRZ Rice Block for
this SSR signal bias.

SSRZ Rice Block

ZDB002

variable

This Block is only present if the number of SSRZ Rice
Blocks for this SSR signal bias (code or phase bias) is
greater than 1 and if the number of transmitted
satellites (indicated by ZDF018) for this Rice Block is
larger than 0.

Signals that have to be considered in this SSRZ Rice
Block are determined by the corresponding signal
settings in the metadata of the 2" SSRZ Rice Block for
this SSR signal bias.

SSRZ Rice Block

ZDB002

variable

This Block is only present if the number of SSRZ Rice
Blocks for this SSR signal bias (code or phase bias) is N.

Signals that have to be considered in this SSRZ Rice
Block are determined by the corresponding signal
settings in the metadata of the N™ SSRZ Rice Block for
this SSR signal bias.
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7.2.5 SSRZ Compressed Chain Data Block (ZDB005)

The SSRZ Compressed Chain Data Block is a sequence of encoded gridded SSR parameter values related to the grid
points per chain.

Table 7.7 SSRZ Compressed Chain Data Block ZDB005

Definition Number of Bits

SSRZ Predictor Flag ZDF315 1 This flag indicates which subsequent SSRZ Rice Block is
present.
0: one SSRZ Rice Block containing Nps/chain €ncoded
values follows.
1: two SSRZ Rice Block with 1 and Np¢g/chain — 1
encoded values, respectively, follow.
This flag is only allowed to 1 if the ZDF103 in the
corresponding Compressed Chain Block (ZDB010) is 1

and the Predictor Point Indicator Block ZDB011 is
present.

SSRZ Rice Block ZDB002 variable This Block contains the gridded data of all grid chain
points Npts/chain- The gridded-data predictor has not

to be applied.
This Block is only present if ZDF315 is O.

SSRZ Rice Block ZDB002 variable This Block contains the absolute grid value (not
encoded with the gridded-data predictor) of the first
grid point per chain.

The subsequent SSRZ Rice Block with Np,¢/cnain — 1 is
required to decode the gridded data per chain
properly.

This Block is only present if ZDF315 is 1.

SSRZ Rice Block ZDB002 variable This Block contains and Nps/chqain — 1 values encoded
with the gridded-data predictor algorithm.

The previous SSRZ Rice Block of the first point is
required to decode the gridded data per chain
properly.

This Block is only present if ZDF315 is 1.

7.2.6 SSRZ Compressed Gridded Data Block (ZDB006)

The SSRZ Compressed Gridded Data Block is a sequence of SSRZ Compressed Chain Data Blocks (ZDB005) including all
gridded SSR parameter correction values per gird. The number of SSRZ Compressed Chain Data Blocks is determined
by the number of chains per grid (corresponding ZDF094 in ZMD003 and ZMDO004).

Table 7.8 SSRZ Compressed Gridded Data Block ZDB006

Definition Number of Bits

SSRZ Compressed Chain Data ZDB005 variable This SSRZ Compressed Chain Block is only present if
Block the number of chains is greater than 0 for this grid.
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Name Definition Number of Bits Notes

The number and order of data values is related to the
grid points associated with the 1% chain.

SSRZ Compressed Chain Data ZDB005 variable This SSRZ Compressed Chain Block is only present if
Block the number of chains is greater than 1 for this grid.

The number and order of data values is related to the
grid points associated with the 2™ chain.

SSRZ Compressed Chain Data ZDB005 variable This SSRZ Compressed Chain Block is only present if
Block the number of chains is N for this grid.

The number and order of data values is related to the
grid points associated with the N* chain.

7.2.7 SSRZ Compressed Coefficients Block (ZDB007)

The SSRZ Compressed Coefficients Block (Table 3.6) is a sequence of SSRZ Rice Blocks including encoded coefficients of
polynomials or spherical harmonics. The number and order of these coefficients per SSRZ Rice Block are determined
by and in ascending order of the order I + m set as attributes in the corresponding SSRZ Compressed Coefficients
Block Definition.

Table 7.9 SSRZ Compressed Coefficients Block ZDB007

Name Definition Number of Bits Notes

SSRZ Rice Block ZDB002 variable This Block is only present if the number of SSRZ Rice
Blocks for this SSR parameter is greater 0.

The number and order of coefficients are determined
by the corresponding polynomial order settings in the
metadata of the 1%t SSRZ Rice Block for this SSR
parameter.

SSRZ Rice Block ZDB002 variable This Block is only present if the number of SSRZ Rice
Blocks for this SSR parameter is greater 1.

The number and order of coefficients are determined
by the corresponding polynomial order settings in the
metadata of the 2" SSRZ Rice Block for this SSR
parameter.

SSRZ Rice Block ZDB002 variable This Block is only present if the number of SSRZ Rice
Blocks for this SSR parameter is N.

The number and order of coefficients are determined
by the corresponding polynomial order settings in the
metadata of the N*" SSRZ Rice Block for this SSR
parameter.
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7.2.8 SSRZ Compressed Satellite-dependent Coefficients Block (ZDB008)

The SSRZ Compressed Satellite-dependent Coefficients Block is a sequence of SSRZ Rice Blocks containing encoded
satellite-dependent Chebyshev coefficients. The number and order of these coefficients per SSRZ Rice Block are
determined by the polynomial order indicators (the attributes of these SSRZ Rice Blocks) and satellites set by the SSRZ

Satellite Group and SSRZ Satellite Group List definitions, respectively.

The order of the coefficients per SSRZ Rice Block is as follows: The first coefficient per SSRZ Rice Block is in the
corresponding SSRZ Rice Block metadata setting. The relation between order and coefficients is written in Table 3.6.

Table 7.10 SSRZ Compressed Satellite-dependent Coefficient Block ZDB008

Name Definition

SSRZ Rice Block ZDB002

Number of Bits

variable

Notes

This Block is only present if the number of SSRZ Rice
Blocks for this SSR parameter is greater 0.

The number and order of coefficients are determined
by the corresponding polynomial order settings in the
metadata of the 1% SSRZ Rice Block for this SSR
parameter and the number of valid satellites.

SSRZ Rice Block ZDB002

variable

This Block is only present if the number of SSRZ Rice
Blocks for this SSR parameter is greater 1.

The number and order of coefficients are determined
by the corresponding polynomial order settings in the
metadata of the 2" SSRZ Rice Block for this SSR
parameter and the number of valid satellites.

SSRZ Rice Block ZDB002

variable

This Block is only present if the number of SSRZ Rice
Blocks for this SSR parameter is N.

The number and order of coefficients are determined
by the corresponding polynomial order settings in the
metadata of the N* SSRZ Rice Block for this SSR
parameter and the number of valid satellites.

7.2.9 SSRZ Compressed Chain Block (ZDB010)

The SSRZ Compressed Chain Block includes all parameters to reconstruct the Npss/chain grid points per chain.

Table 7.11 SSRZ Compressed Chain Block ZDB010

Name Definition Number of Bits Notes

Number of grid points per ZDF095 variable Nots/chain

chain This field is only present if ZDF020 is 3, 4.

Grid Bin Size Parameter ZDF096 variable Bin size parameter p to decode the latitude and
longitude values of the first (chain) point.
This field is only present if ZDF020 is 3, 4.

Rice encoded integer value ZDB001 variable This block repeats twice. It contains the latitude and
longitude values of the first (chain) point (¢, A).
The resolution is given in ZDB012.
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Definition

Number of Bits

This field is only present if ZDF020 is 3, 4.

Grid Bin Size Parameter

ZDF096

variable

Bin size parameter p to (Rice) decode the following
2*(Npts/chain-1) chain point parameters.

This field is only present if ZDF020 is 3, 4.

Rice encoded integer value

ZDB001

variable

This block repeats for 2*(Npts/chain-1) times.

The sequence contains pair-wisely two parameters per
(chain) point:

(deg, dn),, (ds, ss)s, (ds, ss)4, ..., (ds, SS)Npts/chain
The resolution is given in ZDB012.
This field is only present if ZDF020 is 3, 4.

Use Baseline Flag

ZDF097

Npts/chain'z

This flag repeats from the third till the maximum grid
point per chain.

This field is only present if ZDF020 is 3, 4.

Point Position Flag

ZDF098

Nprs/chain-z

This flag repeats from the third till the maximum grid
point per chain.

This field is only present if ZDF020 is 3, 4.

Add Baseline Left Flag

ZDF099

Nprs/chain-z

This flag repeats from the third till the maximum grid
point per chain.

This field is only present if ZDF020 is 3, 4.

Add Baseline Right Flag

ZDF100

Npts/chain'z

This flag repeats from the third till the maximum grid
point per chain.

This field is only present if ZDF020 is 3, 4.

Height Flag

ZDF101

This field indicates if height information of the chain
points is provided.

This field is only present if ZDF020 is 3.

Grid point height resolution

ZDF102

variable

This field is only present if ZDF020 is 3 and ZDF101 is
111

Grid Bin Size Parameter

ZDF096

variable

Bin size parameter p to decode the height of the first
(chain) point.

This field is only present if
e ZDF020is 3 and ZDF101 is set
e 7ZDF020is 4 and ZDF102 in ZDB12 is >0

Rice encoded integer value

ZDB001

variable

Rice encoded absolute height of the first point (per
chain).

The resolution is given in the associated ZDF102.
This field is only present if

e ZDF020is 3 and ZDF101 is set

e 7ZDF020is 4 and ZDF102 in ZDB12 is >0

Grid Bin Size Parameter

ZDF096

variable

Bin size parameter p to decode the following
(Npts/chain-1) height differences Ahyq, Ahy, ... .

This field is only present if
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Definition

Number of Bits

e 7DF020is 3 and ZDF101 is set
e 7DF020is 4 and ZDF102 in ZDB12 is >0

Rice encoded integer value

ZDB001

variable

This block repeats for (Npts/chain-1) times.

The sequence contains the height differences
Aho]_, Ahlz, T

The resolution is given in the associated ZDF102.
This field is only present if

e ZDF020is 3 and ZDF101 is set

e 7ZDF020is 4 and ZDF102 in ZDB12 is >0

Gridded Data Predictor Points
Flag

ZDF103

This flag indicates the presents of SSRZ Predictor Point
Indicator Block.

0: ZDB011 is not present
1: ZDBO011 is present
This field is only present if ZDF020 is 3, 4.

SSRZ Predictor Point Indicator
Block

ZDB011

variable

This block repeats for Npts/chqin — 3 times (from the
forth till the maximum number of grid point per
chain).

This field is only present if ZDF103 is set and ZDF020 is
3,4.

7.2.10 SSRZ Predictor Point Indicator Block (ZDB011)

The SSRZ Predictor Point Indicator Block provides the indices a, b, ¢ of the three grid points (in a chain) that are used
in the gridded data predictor algorithm. Due to the iterative representation/encoding of a chain these indices are
mostly close to the index of the current point i. For this reason, the differences da, §b, ¢ between the indices a, b, ¢

and i are transmitted.

Table 7.12 SSRZ Predictor Point Indicator Block ZDB011

Name Definition Number of Bits Notes

Predictor Point Indicator for ZDF104 variable The index of predictor grid point a (per chain) is

point §a computed with a = i — (6a + 1), whereby i is the
index of a grid point in a chain.

Predictor Point Indicator for ZDF104 variable The index of predictor grid point b (per chain) is

point 8b computed with b = i — (6b + 1), whereby i is the
index a grid point per chain.

Predictor Point Indicator for ZDF104 variable The index of predictor grid point c (per chain) is

point &c

computed with ¢ =i — (6c + 1), whereby i is the
index a grid point per chain.
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7.2.11 SSRZ Grid Definition Block (ZDB012)

The SSRZ Grid Definition Block contains the SSRZ Compressed Chain Blocks (ZDB010) and resolution parameters
required to define a grid. The data field ZDF020 in the notes is identical to that one used in the SSRZ Grid Definition
Metadata Message Block ZMB013 (Table 9.13).

Table 7.13 SSRZ Grid Definition Block ZDB012

Name Definition Number of Bits Notes
Grid ID ZDF105 variable This field is only present if ZDF020 is 3, 4.
Grid 10D ZDF106 3 This field is only present if ZDF020 is 3, 4.
Order of the grid point ZDF092 variable This field is only present if ZDF020 is 3.
coordinate resolution
Integer part of the grid point ZDF093 8 The grid point coordinate resolution derived from
coordinate resolution ZDF092 and ZDF093 within this block (ZDB012) is only

valid for the grid defined in this block.
This field is only present if ZDF020 is 3.

Number of Chains per Grid ZDF09%4 variable Nchain
This field is only present if ZDF020 is 3, 4.

SSRZ Compressed Chain Block ZDB010 variable This block is repeated for all chains per grid.

This field is only present if ZDF020 is 3, 4.

7.2.12 SSRZ Satellite Group Definition Block (ZDB017)

The SSRZ Satellite Group Definition Block ZDB017 contains the data fields to describe an SSRZ Satellite Group
Definition.

Table 7.14 SSRZ Satellite Group Definition Block ZDB017

Name Definition Number of Bits Notes

SSRZ GNSS ID ZDF012 16

Bit Mask

SSRZ Maximum Satellite ID per ZDF013 n This fields repeats for every system present in SSRZ

GNSS and Group GNSS ID Bit Mask (ZDF012).

Satellite Group Definition Mode ZDF014 4

Satellite Group Bit Mask per ZDF015 n This field is only present if ZDF014 is 0 and repeats for

GNSS every system present in the SSRZ GNSS ID Bit Mask
(ZDF012). The length of the bitmask is per system is
given by ZDF013.

7.2.13 SSRZ Timing Block (ZDB018)

The SSRZ Timing Block includes the length and the offset of an SSR update interval.
Table 7.15 SSRZ Timing Block ZDB018

Definition Number of Bits

Length of SSR Update Interval ZDF053 6

© 2018-2020 Geo++® GmbH Page 45 of 102 SSRZ Format



Offset of SSR Update Interval

ZDF054

7.2.14 SSRZ Satellite-dependent Timing Block (ZDB019)

The SSRZ Satellite-dependent Timing Block includes the update and offset intervals of a satellite-dependent SSR
parameter sets and in addition indicators of the related satellite groups.

Table 7.16 SSRZ Satellite dependent Timing Block ZDB019

Name Definition Number of Bits Notes
SSRZ Timing Block ZDB018 12
SSRZ Satellite Group List Bit ZDF016 variable This bit mask indicates the satellite groups associated

Mask

with the timing intervals.

7.2.15 SSRZ Signal Bit Mask Block (ZDB020)

The SSRZ Signal Bit Mask Block is used to indicate signals of all systems.

Table 7.17 SSRZ Signal Bit Mask Block ZDB020

Definition

Number of Bits

SSRZ GNSS ID ZDF012 16 This bit mask indicates which GNSS has as signal
Bit Mask definition.

‘1’ : has signal definition

‘0’: has not.
SSRZ Signal Bit Mask per GNSS ZDF013 32 This fields repeats for every system present in the

preceding SSRZ GNSS ID Bit Mask (ZDF012).

7.2.16 SSRZ Satellite Parameter Rice Block Definition (ZDB021)

The SSRZ Satellite Parameter Rice Block Definition includes the system bit mask as attribute and the Default Bin Size
Parameter to define the Rice Block Metadata.

Table 7.18 SSRZ Satellite Parameter Rice Block Definition ZDB021

Name Definition Number of Bits Notes
SSRZ GNSS ID ZDF012 16 This bit mask indicates which GNSS has to be considered
Bit Mask in this SSRZ Signal Rice Block.
‘1’ : has to be considered
‘0’: has not to be considered
Default Bin Size Parameter ZDF043 variable This fields repeats for the number of components per SSR

parameter type (corresponding data field ZDF044).

7.2.17 SSRZ Signal Rice Block Definition (ZDB022)

The SSRZ Satellite Parameter Rice Block Definition includes GNSS ID and signal ID bit masks as attributes and the
Default Bin Size Parameter to define the Rice Block Metadata.
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Table 7.19 SSRZ Signal Rice Block Definition ZDB022

Name Definition Number of Bits Notes
SSRZ Signal Bit Mask Block ZDB020 variable This Block indicates which signals are set as attributes in
this Rice SSRZ Signal Rice Block.
Default Bin Size Parameter of ZDF046 variable

encoded Signal Biases

7.2.18 SSRZ Compressed Coefficient Data Block Definition (ZDB023)

The SSRZ Compressed Coefficient Data Block Definition includes the default bin size parameter value and attribute to
define the Rice Blocks for the SSRZ Compressed Coefficient Block ZDB007 and Compressed Satellite-dependent

Coefficient Block ZDB00S.

The attribute of this rice block definition is an order bit mask. The length of this bit mask depends on the maximum
order defined for the SSR parameter.

Table 7.20 SSRZ Compressed Coefficient Data Block Definition ZDB023

Definition Number of Bits
Number of Rice Blocks ZDF042 variable NRrs
SSRZ Coefficient Rice Block ZDB024 Variable This Block repeats for Nrs times.

Definition

7.2.19 SSRZ Coefficient Rice Block Definition (ZDB024)

Table 7.21 SSRZ Coefficient Rice Block Definition ZDB024

Name/ Block Definition NO. OF BITS NOTES
Coefficient Order Bit Mask ZDF116 variable The length of this bit mask is derived from the
corresponding Model Parameters.
Default Bin Size Parameter ZDF043 Variable

7.2.20 SSRZ Compressed Global VTEC Coefficient Date Block Definition ZDB025

The SSRZ Compressed Global VTEC Coefficient Data Block Definition includes the default bin size parameter value and
the attribute to define the Rice Block for the SSRZ Compressed Global VTEC Data Block ZDB009. The attribute of this

Rice block definition is parameter list bit mask.

Table 7.22 SSRZ Compressed Global VTEC Coefficient Data Block Definition (ZDB025)

Name Definition Number of Bits Notes
Number of Rice Blocks ZDF042 variable Nre
SSRZ Global VTEC Coefficient ZDB027 Variable This Block repeats for Nrs times.

Rice Block Definition
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7.2.21 SSRZ Global VTEC Coefficient Rice Block Definition ZDB026

Definition Number of Bits
Number of Rice Blocks ZDF042 variable Nrs
SSRZ Coefficient Rice Block ZDB024 Variable This Block repeats for Nrs times.
Definition

7.2.22 SSRZ BE 10D Definition Block (ZDB030)

The SSRZ BE 10D Definition Block includes information how to read and process the SSRZ BE IOD per GNSS.

Table 7.23 SSRZ BE 10D Definition Block ZDB030

Definition Number of Bits
SSRZ GNSS ID ZDF012 16 This bit mask indicates which GNSS has to be
Bit Mask considered.
‘1’ : has to be considered
‘0’: has not to be considered
This field is only present if ZDF020 is 1.
Length of the SSRZ BE 10D field ZDF199 4 This fields repeats for every system present in the
preceding SSRZ GNSS ID Bit Mask (ZDF012).
This field is only present if ZDF020 is 1.
SSRZ BE 10D Tag ZDF200 variable This Tag indicates how to interpret the received IODs
This field is only present if ZDF020 is 1.
SSRZ BE 10D Tag GPS ZDF201 variable This field is only present if ZDF020 is 2.
SSRZ BE 10D Tag GLONASS ZDF202 variable This field is only present if ZDF020 is 2.
SSRZ BE 10D Tag Galileo ZDF203 variable This field is only present if ZDF020 is 2.
SSRZ BE 10D Tag QZSS ZDF204 variable This field is only present if ZDF020 is 2.
SSRZ BE 10D Tag SBAS ZDF205 variable This field is only present if ZDF020 is 2.
SSRZ BE 10D Tag BDS ZDF206 variable This field is only present if ZDF020 is 2.
SSRZ BE 10D Tag IRNSS ZDF207 variable This field is only present if ZDF020 is 2.
SSRZ BE 10D Tag ZDF208 variable This field is only present if ZDF020 is 2.
SSRZ BE 10D Tag ZDF209 variable This field is only present if ZDF020 is 2.
SSRZ BE 10D Tag ZDF210 variable This field is only present if ZDF020 is 2.
SSRZ BE 10D Tag ZDF211 variable This field is only present if ZDF020 is 2.
SSRZ BE 10D Tag ZDF212 variable This field is only present if ZDF020 is 2.
SSRZ BE 10D Tag ZDF213 variable This field is only present if ZDF020 is 2.
SSRZ BE 10D Tag ZDF214 variable This field is only present if ZDF020 is 2.
SSRZ BE 10D Tag ZDF215 variable This field is only present if ZDF020 is 2.
SSRZ BE 10D Tag ZDF216 variable This field is only present if ZDF020 is 2.
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7.2.23 SSRZ Phase Bias Signal Block (ZDB031)

The SSRZ Phase Bias Signal Block is the sequence of data fields related to the phase bias information per signal and
satellite.

Table 7.24 SSRZ Phase Bias Signal Block ZDB031

Definition Number of Bits
Phase Bias Flag ZDF310 1
Phase Bias Value Indicator ZDF311 Neps, bits This data field is only present if the Phase Bias Flag
(zDF310) is 1.
The length of this bit field is given by ZDFO71.
Combined Continuity / ZDF312 variable This data field is only present if the Phase Bias Flag
Overflow indicator (ZDF310) is 1.

7.2.24 SSRZ Phase Bias Block (ZDB032)

The SSRZ Phase Bias Block is a sequence of SSRZ Phase Bias Signal Blocks for all transmitted satellites and defined
signals per satellite. SSRZ Phase Bias Signal Blocks are arranged in ascending order of signals according to Table 10.3
and in ascending order of Satellite IDs and GNSS (according to Table 10.1)

Table 7.25 SSRZ Phase Bias Block ZDB032

Definition Number of Bits

Phase Bias Signal Block ZDB031 variable This blocks repeats for all valid satellites and defined
signals per satellite.

7.2.25 SSRZ Model Parameters Block (ZDB060)

The SSRZ Model Parameter Block is currently part of the metadata and includes the required model parameters of the
atmospheric corrections. It includes integer and float model parameter values (not documented here) and will be
replaced by specific model parameters (ZDF130 — ZDF173) in the next version. The meanings (if necessary) of the
model parameters within the Model Parameter Block is mentioned in the Appendix for each relevant SSR parameter.

Table 7.26 SSRZ Model Parameters Block ZDB060

Name Definition Number of Bits Notes
Model ID ZDF110 8 Model ID
Model Version ZDF111 8 Model Version
Number of Integer Model ZDF112 8 Nint
Parameters
Integer Model Parameter ZDF114 32 This field repeats Nint times.
Number of Float Model ZDF113 8 Nfioat
Parameters
Float Model Parameters ZDF115 32 This field repeats Nrioat times.

7.2.26 SSRZ Global VTEC lonosphere Layer Block (ZDB061)

Table 7.27 SSRZ Global VTEC lonosphere Layer Block ZDB061
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Name Definition Number of Bits Notes
Height of lonospheric Layer ZDF131 TBD h;
Spherical Harmonics Degree ZDF132 TBD N,
Spherical Harmonics Order ZDF133 TBD M,

The total number of coefficients per layer [ is
calculated from

N+ 1D)? = (N, - M)W, — M, + 1)

7.2.27 SSRZ Update and Offset Block (ZDB040)

The SSRZ Update and Offset Block includes the length and the offset of an SSR update interval and is an improvement

of the SSRZ Timing Block (ZDB018).

Table 7.28 SSRZ Update and Offset Block ZDB040

Name Definition Number of Bits Notes
SSR Length of SSR Update ZDF056 variable
Interval
SSR Update Interval Offset ZDF057 variable
7.2.28 SSRZ Timing Parameter Block (ZDB041)
The SSRZ Timing Parameter Block lists Update and Offset Blocks.
Table 7.29 SSRZ Timing Parameter Block ZDB041
Name Definition Number of Bits Notes
Number of Update and Offset ZDF058 variable Number of Update and Offset Blocks Np
Blocks
SSRZ Update and Offset Block ZDB041 variable This block repeats for Nyg times.
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8 SSRZ Correction Messages

8.1 SSRZ High Rate Correction Message (ZM001)
Table 8.1 describes the SSRZ High Rate Correction message.

Table 8.1 SSRZ High Rate Correction Message ZM001

Definition Number of Bits
SSRZ Message Type Indicator ZDF002 2 Always “00” for SSRZ Message ZM001
SSRZ 15 minutes Time Tag ZDF050 10
Satellite Group List Bit Mask ZDF016 NG(HR) Satellite Group List Bit Mask according to defined HR

groups. HR correction data are transmitted for those
satellites which are associated with the defined High
Rate Satellite Groups set in this Group List Bit Mask
and which were transmitted in the previously sent and
still valid SSRZ Low Rate message(s).

SSRZ Compressed Satellite ZDB003 variable The corresponding metadata are provided in ZMB001
Parameter Block for High Rate (Table 9.3).

Clock corrections Cyr

SSRZ Compressed Satellite ZDB003 variable The corresponding metadata are provided in ZMB001
Parameter Block for High Rate (Table 9.3).

(Radial) Orbit correction

8.2 SSRZ Low Rate Correction Message (ZM002)

This message (ZM002) describes the mandatory satellite correction terms clock, orbit as well as phase and code biases.
Velocity and Satellite-dependent Global lonosphere Corrections are optionally.

Table 8.2 SSRZ Low Rate Correction Message ZM002

Definition Number of Bits

SSRZ Message Type Indicator ZDF002 2 Always “01” for SSRZ Message ZM002

SSRZ 15 minutes time tag ZDF050 10 This Block is only present if ZDF020 in the
corresponding ZMB012 is 2.

SSRZ Metadata IOD ZDFO005 2 Metadata with matching 10D is required to encode
SSRZ messages.

SSRZ Metadata Announcement Bit ZDF006 1

SSRZ 15 minutes time tag ZDF050 10 This Block is only present if ZDF020 in the
corresponding ZMB012 is 1.

Satellite Group List Bit Mask ZDF016 NG(LR)

Satellite Bit Mask ZDF018 variable

SSRZ BE 10D ZDF309 variable Sequence of SSRZ I0Ds (ZDF210) according to the

ascending to the order of transmitted satellites
indicated by the Satellite Bit Mask (ZDF018).
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Definition

Number of Bits

SSRZ Low Rate Clock Corrections

SSRZ Compressed Satellite
Parameter Block for Low Rate
Clock correction C,

ZDB003

variable

The corresponding resolution and Rice Block
definitions are given in ZMB002 (The SSRZ Low Rate
Metadata Message Block defines the metadata
required for decoding the SSRZ Low Rate message
(ZM002).The data field ZDF020 mentioned in the
notes refers to ZDF020 in the SSRZ Metadata
message Block ZMB012 that includes ZMB002.

Table 9.4).

SSRZ Compressed Satellite
Parameter Block for Low Rate
Clock correction C;

SSRZ Compressed Satellite
Parameter Block for Low Rate
Radial Orbit Correction

ZDB003

ZDB003

variable

The corresponding resolution and Rice Block
definitions are given in ZMB002 (The SSRZ Low Rate
Metadata Message Block defines the metadata
required for decoding the SSRZ Low Rate message
(ZM002).The data field ZDF020 mentioned in the
notes refers to ZDF020 in the SSRZ Metadata
message Block ZMBO012 that includes ZMB002.

Table 9.4).

This block is only present if the number of Low Rate
clock components in ZMBO002 is 2.

SSRZ Low Rate Orbit Corrections

variable

The corresponding resolution and Rice Block
definitions are given in ZMB002 (The SSRZ Low Rate
Metadata Message Block defines the metadata
required for decoding the SSRZ Low Rate message
(ZM002).The data field ZDF020 mentioned in the
notes refers to ZDF020 in the SSRZ Metadata
message Block ZMB012 that includes ZMB002.

Table 9.4).

SSRZ Compressed Satellite
Parameter Block for Low Rate
Along-track Orbit Correction

ZDB003

variable

The corresponding resolution and Rice Block
definitions are given in ZMBO002 (The SSRZ Low Rate
Metadata Message Block defines the metadata
required for decoding the SSRZ Low Rate message
(ZM002).The data field ZDF020 mentioned in the
notes refers to ZDF020 in the SSRZ Metadata
message Block ZMBO012 that includes ZMB002.

Table 9.4).

SSRZ Compressed Satellite
Parameter Block for Low Rate
Cross-Track Orbit Correction

ZDB003

variable

The corresponding resolution and Rice Block
definitions are given in ZMBO002 (The SSRZ Low Rate
Metadata Message Block defines the metadata
required for decoding the SSRZ Low Rate message
(ZM002).The data field ZDF020 mentioned in the
notes refers to ZDF020 in the SSRZ Metadata
message Block ZMBO012 that includes ZMB002.

Table 9.4).

SSRZ Low Rate Velocity Corrections
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Name Definition Number of Bits Notes

SSRZ Compressed Satellite ZDB003 variable The corresponding resolution and Rice Block
Parameter Block for Low Rate definitions are given in ZMBO002 (The SSRZ Low Rate
Radial Velocity Correction Metadata Message Block defines the metadata

required for decoding the SSRZ Low Rate message
(ZM002).The data field ZDF020 mentioned in the
notes refers to ZDF020 in the SSRZ Metadata
message Block ZMB012 that includes ZMB002.

Table 9.4).

This block is only present if the number of Low Rate
velocity components ZMB0O2 is set to 3.

SSRZ Compressed Satellite ZDB003 variable The corresponding resolution and Rice Block
Parameter Block for Low Rate definitions are given in ZMB002 (The SSRZ Low Rate
Along-track Velocity Correction Metadata Message Block defines the metadata

required for decoding the SSRZ Low Rate message
(ZM002).The data field ZDF020 mentioned in the
notes refers to ZDF020 in the SSRZ Metadata
message Block ZMBO012 that includes ZMB002.

Table 9.4).

This block is only present if the number of Low Rate
velocity components ZMBO002 is set to 3.

SSRZ Compressed Satellite ZDB003 variable The corresponding resolution and Rice Block
Parameter Block for Low Rate definitions are given in ZMBO002 (The SSRZ Low Rate
Cross-Track Velocity Correction Metadata Message Block defines the metadata

required for decoding the SSRZ Low Rate message
(ZM002).The data field ZDF020 mentioned in the
notes refers to ZDF020 in the SSRZ Metadata
message Block ZMB012 that includes ZMB002.

Table 9.4).

This block is only present if the number of Low Rate
velocity components ZMBO002 is set to 3.

SSRZ Low Rate Code Bias Corrections

SSRZ Compressed Signal Block for ZDB004 variable The corresponding resolution and Rice Block

Low Rate Code Bias Corrections definitions are given in ZMB002 (The SSRZ Low Rate
Metadata Message Block defines the metadata
required for decoding the SSRZ Low Rate message
(ZM002).The data field ZDF020 mentioned in the
notes refers to ZDF020 in the SSRZ Metadata
message Block ZMBO012 that includes ZMB002.

Table 9.4).
SSRZ Low Rate Phase Bias Corrections
SSRZ Phase Bias Block ZDB032 variable The corresponding metadata are given in ZMB002

(The SSRZ Low Rate Metadata Message Block defines
the metadata required for decoding the SSRZ Low
Rate message (ZM002).The data field ZDF020
mentioned in the notes refers to ZDF020 in the SSRZ
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SSRZ Compressed Satellite-
dependent Global lonosphere
Coefficients Block

Definition

ZDB008

Number of Bits

variable

Metadata message Block ZMB012 that includes
ZMBO002.

Table 9.4).

SSRZ Low Rate Satellite dependent Global lonosphere Corrections

The metadata for this block is provided by ZMB002
(Table 9.7).

This Block is only present if the Satellite dependent
Global lonosphere Correction Flag (ZDF134) is set in
ZMBO002.

8.3 SSRZ Gridded lonosphere Correction Message (ZM003)

This message (ZM003) describes the gridded ionosphere corrections.

Table 8.3 SSRZ Gridded lonosphere Correction Message (ZM003)

Definition

Number of Bits

Block for Gridded lonosphere
Corrections

SSRZ Message Type Indicator ZDF002 2 Always “10” for SSRZ Message ZM003

SSRZ 15 minutes time tag ZDFO050 10

SSRZ Grid ID ZDF105 variable Connects the gridded ionosphere corrections with a
grid ID.

SSRZ Grid 10D ZDF106 3 Connects the gridded ionosphere corrections with
the valid grid with SSRZ Grid ID (ZDF105).

Satellite Group List Bit Mask ZDF016 Naitr) Satellite Group List Bit Mask according to defined LR
groups. Gridded ionospheric correction data are
transmitted for those satellites which are associated
with the defined Low Rate Satellite Groups set in this
Group List Bit Mask and which were transmitted in
the previously sent and still valid SSRZ Low Rate
message(s).

SSRZ Compressed Gridded Data ZDB006 variable This block repeats for all satellites identified from

the Satellite Group List Bit Mask and previously sent
Low Rate message in ascending order Satellite IDs
per system and ascending GNSS ID according to
Table 10.1.

The metadata for this block is provided by ZMB003
(Table 9.5).

8.4 SSRZ Gridded Troposphere Correction Message (ZM004)
Table 8.4 describes the SSRZ Gridded Troposphere Correction Message. The required metadata are given in ZMB004.

Table 8.4 SSRZ Gridded Troposphere Correction Message (ZM004)

Name Definition Number of Bits Notes
SSRZ Message Type Indicator ZDF002 5 Always “11000” for SSRZ Message ZM004
SSRZ 15 minutes time tag ZDFO050 10
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Troposphere Corrections Block

SSRZ Grid ID ZDF105 variable Connects the gridded troposphere corrections with a
grid ID

SSRZ Grid 10D ZDF106 3 Connects the gridded troposphere corrections with
the valid grid with SSRZ Grid ID (ZDF105).

SSRZ Compressed Gridded ZDB006 variable This block repeats for all Rice-encoded indicated

parameters (ZDF107) per troposphere basic
component and indicated troposphere basic
components in ascending order.

8.5 SSRZ Satellite dependent Regional lonosphere Correction Message (ZMO005)

Table 8.5 describes the Satellite dependent Regional lonosphere Correction message (RSI).

Table 8.5 SSRZ Satellite dependent Regional lonosphere Correction Message (ZM0O05)

Name Definition Number of Bits Notes

SSRZ Message Type Indicator ZDF002 5 Always “11001” for SSRZ Message ZMO005

SSRZ 15 minutes time tag ZDF050 10

Satellite Group List Bit Mask ZDF016 Na(LR) Satellite Group List Bit Mask according to defined LR
groups. Regional ionospheric correction data are
transmitted for those satellites which are associated
with the defined Low Rate Satellite Groups set in this
Group List Bit Mask and which were transmitted in
the previously sent and still valid SSRZ Low Rate
message(s).

SSRZ Compressed Satellite ZDB008 variable The metadata for this block is provided by ZMB005

dependent Regional lonosphere

Coefficients Block

(Table 9.7).

8.6 SSRZ Global VTEC lonosphere Correction Message (ZM006)

The content of this message (ZM006) are the coefficients of the spherical harmonics of the Global VTEC lonosphere
model. The data field ZDF020, which is mentioned in the notes, refers to ZDF020 in the corresponding SSRZ Metadata

Message Block ZMB012 that includes ZMB0O06.

Table 8.6 SSRZ Global VTEC lonosphere Correction Message ZM006

Definition

Number of Bits

SSRZ Message Type Indicator ZDF002 5 Always “11010” for SSRZ Message ZM006

SSRZ 15 minutes time tag ZDF050 10

SSRZ VTEC flag ZDF330 1 This flag indicates if the message contains valid
values.
0: contains no valid values
1: contain valid values

SSRZ Global VTEC bin size indicator ZDF331 variable This field represents the binsize p that has to be

used for decoding the subsequent rice-encoded
integer values

This block is only present if the
ZDF330is 1 and ZDF020 is 2,3.
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Rice-encoded Global VTEC
coefficients

ZDB001

variable

This block repeats for the number of coefficients
Nvrec which is obtained from model parameter block
(Table 15.4).

This block is only present if the
ZDF330is 1 and ZDF020 is 2,3.

8.7 SSRZ Regional Troposphere Correction Message (ZM007)
Table 8.7 describes the SSRZ Regional Troposphere Correction Message.

Table 8.7 Regional Troposphere Correction Message (ZM007)

Definition

Number of Bits

Block for regional troposphere
corrections.

SSRZ Message Type Indicator ZDF002 5 Always 6 for SSRZ Message ZM007
SSRZ 15 minutes time tag ZDFO050 10
SSRZ Compressed Coefficients ZDB007 variable This block repeats for all set troposphere basic

components in ZDF017 in ZMBO0O07 (Table 9.9).
The metadata for this block is provided by ZMB007
as well.

SSRZ QIX Bias Message (ZM008)The data field ZDF020 mentioned in the notes refers to ZDF020 in the corresponding

metadata.

Table 8.8 describes the SSRZ QIX Bias correction message (ZMO008). The message contains all estimated QIX code and
phase biases of the defined signals for all satellites provided in the SSRZ stream. The metadata of the SSRZ QIX Bias
Message can be either part of the SSRZ Metadata Message ZMO012 or are included in the ZMO0O08 for more flexibility.
The data field ZDF020 mentioned in the notes refers to ZDF020 in the corresponding metadata.

Table 8.8 SSRZ QIX Bias Message ZM008

Definition

Number of Bits

for QIX code bias corrections

SSRZ Message Type Indicator ZDF002 5 Always 7 for SSRZ Message ZM008

SSRZ QIX metadata flag ZDF320 1

SSRZ Metadata Tag ZDF020 variable This field is only present in ZDF320 is 1. Otherwise it
is part of the metadata message ZM012

SSRZ QIX Bias Metadata Message ZMB008 variable This field is only present if ZDF320 is 1 and ZDF020 is

Block 1,2.

SSRZ GNSS ID ZDF012 16 This field is present if ZDF020 is 1,2.

Bit Mask

SSRZ Maximum Satellite ID per ZDF013 variable This fields repeats for every system present in SSRZ

GNSS and Group GNSS ID Bit Mask (ZDF012).

This field is present if ZDF020 is 1,2.

Satellite Group Bit Mask per GNSS ZDF015 variable This field repeats for every system present in the
SSRZ GNSS ID Bit Mask (ZDF012). The length of the
bitmask is per system is given by ZDF013.

SSRZ Compressed Signal Bias Block ZDB004 variable This field is only present if

e ZDF020is1
e 7ZDF020is 2 and ZDF190is 1
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If ZDF020 is 2, ZDF190 is 0 and ZDF191 is 1: The QIX
code biases are zero for all satellites and signals
having valid values in the subsequent QIX phase bias
corrections.

SSRZ Compressed Signal Bias Block
for QIX phase bias corrections

ZDB004

variable

This field is only present if
e ZDF020is1
e ZDF020is 2 and ZDF191 is 1

If ZDF020 is 2, ZDF190 is 1 and ZDF191 is 0: The QIX
phase biases are zero for all satellites and signals
having valid values in the preceding QIX code bias
corrections.

8.8 SSRZ Time Tag Message (ZM009)
This message transports information about the reference time for the SSRZ update messages.

In real-time applications a time tagging of the SSRZ messages is not required, as the continuously and sequential order
of the messages (chronology) has to be maintained by the service provider. However, as the need for post-processing
of SSRZ data is obvious, a time tag in the SSRZ stream is recommended. The actual time tag mechanism is open to be
defined by the service provided together with the SSRZ metadata.

Table 8.9 SSRZ Time Tag Message ZMO009

Name Definition Number of Bits Notes
SSRZ Message Type Indicator ZDF002 5 Always 8 for SSRZ Message ZM009
SSRZ Time Tag Definition ZDF230 variable
SSRZ 1hour - 30seconds Time Tag ZDF231 7 This field is only present if ZDF230 is 0.
SSRZ 1hour - 5seconds Time Tag ZDF232 10 This field is only present if ZDF230 is 1.
SSRZ 15 minutes Time Tag ZDF050 10 This field is only present if ZDF230 is 2.
SSRZ 1hour - 1seconds Time Tag ZDF233 12 This field is only present if ZDF230 is 3.
SSRZ 1day — 1second Time Tag ZDF234 17 This field is only present if ZDF230 is 4.
GPS week number ZDF051 12 This field is only present if ZDF230 is 6.
GPS epoch time ZDF052 20 This field is only present if ZDF230 is 5,6.

© 2018-2020 Geo++® GmbH

Page 57 of 102

SSRZ Format




9 SSRZ Metadata Messages
9.1 SSRZ Satellite Group Definition Message (ZM011)

SSRZ satellite groups are defined for the low rate and high rate messages (here, the term ,low rate” comprises all
satellite-dependent SSRZ correction messages expect the SSRZ high rate correction message ZM001).

Table 9.1 SSRZ Satellite Group Definition Message ZM011

Definition

Number of Bits

Metadata Message Block

SSRZ Message Type Indicator ZDF002 9 Always “11 111 0000” for SSRZ Message ZM011
SSRZ Metadata Tag ZDF020 variable
SSRZ Satellite Group Definition ZMBO011 variable This block is only present if ZDF020 is 1.

9.2 SSRZ Metadata Message (ZM012)

The SSRZ Metadata Message contains the metadata required to decode the compressed SSRZ correction messages
defined in Chapter 8 and is able to transport Satellite Group and Grid definitions as well. The metadata are divided
into message blocks. These message blocks are prefixed with “ZMB” to indicate the SSRZ relevant and message-specific
content. This modularization allows for the use of separated metadata messages.

Definition

Table 9.2 SSRZ Metadata Message ZM012.

SSRZ Message Type Indicator

ZDF002

Number of Bits

9

Always ”“11 111 0001” for SSRZ Message ZM012

SSRZ Metadata 10D

SSRZ Metadata Message Block

ZDF005

ZMB012

2

variable

SSRZ Metadata Message Blocks

Table 9.12
This block repeats until ZDF020 in ZMB012 is 0.

9.2.1 SSRZ High Rate Metadata Message Block (ZMB001)

The SSRZ High Rate Metadata Message Block defines the metadata required for decoding the SSRZ High Rate message
(ZM001). The data field ZDF020 mentioned in the notes refers to ZDF020 in the SSRZ Metadata message Block ZMB012

that includes ZMBO0O1.

Table 9.3 SSRZ High Rate Metadata Message Block ZMB001

Definition

Number of Bits

Number of SSRZ High Rate clock
correction parameters

ZDF044

2

Number of SSRZ HR satellite ZDF011 5 The value of this field has to identical to Nar)
groups obtained from ZDF011 in ZMBO011.
This field is only present if ZDF020 is 1.
Number of Satellite-dependent ZDFO055 5 NTiming
Timing Blocks This field is only present if ZDF020 is 1.
SSRZ High Rate Timing Block ZDB019 Nriming®(NeHr)+12) | This block repeats for Nriming times. The length of

satellite group bit mask is given by ZDF011.
This field is only present if ZDF020 is 1.

SSRZ High Rate Clock Metadata

Number of (different) clock corrections transmitted
in the SSRZ High Rate message (always 1).
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This field is only present if ZDF020 is 1.

Block definition for High Rate
orbit corrections

SSRZ High Rate Clock Default ZDF060 variable This field is only present if ZDF020 is 1.
Resolution
Number of SSRZ High Rate Clock ZDF042 variable SSRZ Number of SSRZ High Rate Clock Rice Blocks
Rice Blocks NRB,cIock
This field is only present if ZDF020 is 1.
SSRZ Satellite Parameter Rice ZDB021 variable This Block repeats for Nrs,clock times
Block Definition for High Rate This field is only present if ZDF020 is 1.
clock corrections
SSRZ High Rate Orbit Metadata
Number of SSRZ High Rate orbit ZDF044 2 Number of SSR orbit corrections transmitted in the
correction parameters SSRZ High Rate message
0: No orbit corrections are transmitted
1: radial orbit corrections are transmitted
This field is only present if ZDF020 is 1.
SSRZ High Rate Orbit Default ZDF061 variable This field is only present if the number of SSRZ High
Resolution Rate corrections (ZDF044) is 1.
This field is only present if ZDF020 is 1.
Number of SSRZ High Rate orbit ZDF042 variable Number of SSRZ HR Orbit Rice Blocks Nrs,orbit. This
Rice Blocks block is only present if the number of SSRZ High Rate
orbit corrections is 1.
This block is only present if ZDF020 is 1.
SSRZ Satellite Parameter Rice ZDB021 variable This Block repeats Nrs,orbit times.

This block is only present if the number of SSRZ High
Rate orbit corrections is 1.

This block is only present if ZDF020 is 1.

9.2.2 SSRZ Low Rate Metadata Message Block (ZMB002)

The SSRZ Low Rate Metadata Message Block defines the metadata required for decoding the SSRZ Low Rate message
(ZM002).The data field ZDF020 mentioned in the notes refers to ZDF020 in the SSRZ Metadata message Block ZMB012

that includes ZMBO0O02.

Table 9.4 SSRZ Low Rate Metadata Message Block ZMB002

Name Definition Number of Bits Notes
Number of SSRZ LR satellite ZDF010 5 The value of this field has to identical to N
groups obtained from ZDF010 in ZMBO011.
Number of Satellite-dependent ZDFO055 5 NTiming

Timing Blocks

This field is only present if ZDF020 is 1.
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SSRZ Low Rate Clock Correction Metadata

SSRZ Low Rate Timing Block ZDB019 Ntiming®(Na(tri+12) | This block repeats for Ntiming times. The length of
satellite group bit mask is given by ZMB011.
This field is only present if ZDF020 is 1.

SSRZ BE 10D Definition Block ZDB030 variable This field is only present if ZDF020 is 1.

Block Definition for SSRZ Low
Rate Clock corrections

Number of SSRZ Low Rate clock ZDF044 2 Number of clock corrections transmitted in the
corrections SSRZ Low Rate message (should always be 1 or 2)
1: constant C, term
2: constant C, and linear C; term
This field is only present if ZDF020 is 1.
SSRZ Low Rate Clock C,, Default ZDF062 variable This field is only present if ZDF020 is 1.
Resolution
SSRZ Low Rate Clock C; Default ZDF063 variable This field is only present if the Number of SSRZ
Resolution Low Rate clock corrections is 2.
This field is only present if ZDF020 is 1.
Number of SSRZ Low Rate Clock ZDF042 variable SSRZ Number of SSRZ Low Rate Rice Clock Blocks
Rice Blocks NRrs,clock
This field is only present if ZDF020 is 1.
SSRZ Satellite Parameter Rice ZDB021 variable This Block repeats for Nre,clock times.

This field is only present if ZDF020 is 1.

SSRZ Low Rate Orbit Corrections Metadata

Block Definition for SSRZ Low
Rate Orbit corrections

Number of velocity components

ZDF044

2

Number of orbit components ZDF044 2 Number of orbit corrections transmitted in the
SSRZ Low Rate message (always 3)
3: radial, along-track, cross-track corrections
This field is only present if ZDF020 is 1.
SSRZ Low Rate Radial Orbit ZDF064 variable This field is only present if ZDF020 is 1.
Default Resolution
SSRZ Low Rate Along-track Orbit ZDF065 variable This field is only present if ZDF020 is 1.
Default Resolution
SSRZ Low Rate Cross-track Orbit ZDF066 variable This field is only present if ZDF020 is 1.
Default Resolution
Number of SSRZ Rice Blocks ZDF042 variable NRB,orbit
This field is only present if ZDF020 is 1.
SSRZ Satellite Parameter Rice ZDB021 variable This Block repeats for Ngs,orbit times.

This field is only present if ZDF020 is 1.

SSRZ Low Rate Velocity Corrections Metadata

Number of velocity components transmitted in
the SSRZ Low Rate message (should be 0 or 3)

0: no velocity components
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3: radial, along-track, cross-track component

This field is only present if ZDF020 is 1.

SSRZ Low Rate Radial Velocity ZDF067 variable This field is only present if the Number of velocity
Default Resolution components (ZDF044) is 3.
This field is only present if ZDF020 is 1.
SSRZ Low Rate Along-track ZDF068 variable This field is only present if the Number of velocity
Velocity Default Resolution components (ZDF044) is 3.
This field is only present if ZDF020 is 1.
SSRZ Low Rate Cross-track ZDF069 variable This field is only present if the Number of velocity
Velocity Default Resolution components (ZDF044) is 3.
This field is only present if ZDF020 is 1.
SSRZ Number of SSRZ Low Rate ZDF042 variable Number of SSRZ Low Rate Velocity Rice Blocks
Velocity Rice Blocks NRrs,velocity.
This field is only present if the Number of velocity
components is larger than zero.
This field is only present if ZDF020 is 1.
SSRZ METADATA Satellite ZDB021 variable This Block repeats for Nrs velocity times.

Parameter Rice Block Definition
for SSRZ Low Rate Velocity
corrections

SSRZ Code Bias Default
Resolution

It is only present if the Number velocity
components is 3.

This field is only present if ZDF020 is 1.

SSRZ Low Rate Code Bias Metadata

ZDF070

variable

This field is only present if ZDF020 is 1.

SSRZ Number of Code Bias Rice
Blocks

ZDF045

variable

Number of SSRZ Low Rate Code Bias Rice Blocks

NRs,cs.

This field is only present if ZDF020 is 1.

SSRZ Code Bias Signal Rice Block
Definition

ZDB022

variable

This Block repeats for Nrs,cs times.

It is possible to define signals as rice block
attributes for systems which are not considered
in satellite groups. It allows for the system
extension of a service by definition of a new
satellite group only.

Only signals from satellites that are defined in the
satellite groups are considered.

If the QIX bias message (ZM008 or ZMB012 with
ZMBO008) is part of the stream, only signals
identical to those defined in the SSRZ Phase Bias
Signal Bit Mask Block are allowed.

This field is only present if ZDF020 is 1.

SSRZ Code Bias Reference Signal
Bit Mask Block

ZDB020

variable

This signal bit mask block indicates at maximum
one code bias reference signal per system whose
correction values are inherently set to zero and
not transmitted in the SSRZ Low Rate message.

© 2018-2020 Geo++® GmbH

Page 61 of 102

SSRZ Format




If the QIX bias message (ZM008 or ZMB012 with
ZMBO008) is part of the stream, only signals
identical to those defined in the SSRZ Phase Bias
Signal Bit Mask Block are allowed.

This field is only present if ZDF020 is 1.

SSRZ Low Rate Phase Bias Metadata

SSRZ Phase Bias Signal Bit Mask ZDB020 variable This signal bit mask block indicates the
Block transmitted phase bias signals.

If the QIX bias message (ZM008 or ZMB012 with
ZMBO008) is part of the stream, the phase bias
signal bit mask have to contain one signal per
frequency and GNSS at maximum. These signals
are referred as (QIX bias) reference signals.

This field is only present if ZDF020 is 1.

SSRZ Low Rate Phase Bias Cycle ZDF071 variable Npg cyc

Range This field is only present if ZDF020 is 1.

SSRZ Low Rate Phase Bias Bitfield ZDF072 variable Npg bits

Length The phase bias resolution is derived from the

ZDF071 and ZDFO72: 6PB = Npp,cyc/2"PBits
This field is only present if ZDF020 is 1.

SSRZ Maximum Number of ZDF073 variable This field is only present if ZDF020 is 1.
Continuity/ Overflow bits

SSRZ Low Rate Satellite-dependent Global lonosphere Correction Metadata
Satellite dependent Global ZDF134 1 This flag indicates if satellite-dependent Global

lonosphere Correction Flag lonosphere Corrections are part of SSRZ Low Rate
Correction message (ZM002)

‘1’: Corrections are part of ZM002 and metadata
follows.

‘0’: Correction are not part of ZM002 and no
metadata follows.

This field is only present if ZDF020 is 1.

SSRZ Model Parameters Block ZDB060 variable This block is only present if
ZDF134is 1 and ZDF020 is 1.
SSRZ Satellite-dependent Global ZDF074 variable This field is only present if
lonosphere Correction Default ZDF134 is 1 and ZDF020 is 1.
Resolution
SSRZ Compressed Coefficient ZDB023 variable The Length of the attribute bit mask is obtained
Data Block Definition from ZDBO060.

This field is only present if
ZDF134is 1 and ZDF020 is 1.
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9.2.3 SSRZ Gridded lonosphere Correction Metadata Message Block (ZMB003)

The SSRZ Gridded lonosphere Correction Metadata Message Block (ZMB003) defines the metadata required for deco-
ding the SSRZ Gridded lonosphere Correction Message (ZM003). The data field ZDF020 mentioned in the notes refers
to ZDF020 in the SSRZ Metadata message Block ZMB012 that includes ZMBO0O03.

Table 9.5 SSRZ Gridded lonosphere Correction Metadata Message Block ZMB003

Definition

Number of Bits

Number of SSRZ LR satellite ZDF010 5 This field has to identical to ZDF010 in ZMBO11.

groups (here, Ne(r)=ZDF010+1).
This field is only present if ZDF020 is 1.

Number of Satellite-dependent ZDF055 5 NTiming

Timing Blocks This field is only present if ZDF020 is 1.

SSRZ GRI Timing Block ZDB019 Ntiming®(Ne(tri+12) | This block repeats for Ntiming times. The length of
satellite group bit mask is given by the number of
Low Rate Satellite Groups Ne(r) (ZDF010).
This field is only present if ZDF020 is 1.

SSRZ Default Resolution of the ZDF075 variable This field is only present if ZDF020 is 1.

Gridded lonosphere Corrections

Default Bin Size Parameter ZDF043 variable This default bin size parameter p is used in all Rice

Blocks of the corresponding SSRZ Correction
messages ZMO0O03.

This field is only present if ZDF020 is 1.

9.2.4 SSRZ Gridded Troposphere Correction Metadata Message Block (ZMB004)

The SSRZ Gridded Troposphere Correction Metadata Message Block (ZMB004) defines the metadata required for
decoding the SSRZ Gridded Troposphere Correction Message (ZMO004). The data field ZDF020 mentioned in the notes
refers to ZDF020 in the SSRZ Metadata Message Block ZMB012 that includes ZMB004.

Table 9.6 SSR Gridded Troposphere Correction Metadata Message Block ZMB004

Name Definition Number of Bits Notes

SSRZ GRT Timing Block ZDB018 12 This field is only present if ZDF020 is 2.

SSRZ GRT Model Parameters ZDB060 variable This field is only present if ZDF020 is 2.

Block

Troposphere Component bit ZDF107 16 This bit mask indicates which components are

mask transmitted in the gridded Troposphere correction
message.
This field is only present if ZDF020 is 2.

SSRZ Gridded Troposphere ZDF076 variable Resolution of the dry component.

Scale Factor Resolution of the This field is only present if

dry component bit 0 i set in ZDF107 and ZDF020 s 2.

SSRZ Default Bin Size Parameter ZDF043 variable Default bin size parameter p, to decode the dry

component.

This field is only present if
bit 0 is set in ZDF107 and ZDF020 is 2.

© 2018-2020 Geo++® GmbH

Page 63 of 102

SSRZ Format




SSRZ Gridded Troposphere ZDF076 variable Resolution of the wet component.

Scale Factor Resolution of the This field is only present if

e bit 1 is set in ZDF107 and ZDF020 is 2.

SSRZ Default Bin Size Parameter ZDF043 variable Default bin size parameter p, to decode the wet
component.
This field is only present if
bit 1 is set in ZDF107 and ZDF020 is 2.

SSRZ Gridded Troposphere ZDF076 variable Resolution of the total component.

Scale Factor Resolution of the This field is only present if

total component bit2 is set in ZDF107 and ZDF020 is 2.

SSRZ Default Bin Size Parameter ZDF043 variable Default bin size parameter p, to decode the total

component.

This field is only present if
bit 2 is set in ZDF107 and ZDF020 is 2.

9.2.5 SSRZ Satellite dependent Regional lonosphere Correction Metadata Message Block (ZMBO005)

The SSRZ Satellite dependent Regional lonosphere Correction Metadata Message Block (ZMBO0O05) defines the
metadata required for decoding the SSRZ Satellite dependent Regional lonosphere Correction Message (ZMO0O05). The
data field ZDF020 mentioned in the notes refers to ZDF020 in the SSRZ Metadata Message Block ZMBO012 that includes

ZMBOO05.

Table 9.7 SSRZ Satellite-dependent Regional lonosphere Correction Metadata Message Block ZMB005

Name Definition Number of Bits Notes
Number of SSRZ LR satellite ZDF010 5 This field has to identical to ZDF010 in ZMBO011.
groups (here, Ng(rj=ZDF010+1).
This field is only present if ZDF020 is 1.
Number of satellite-dependent ZDF055 5 NTiming
Timing Blocks This field is only present if ZDF020 is 1.
SSRZ Timing Block of satellite- ZDB019 Nriming®(Neri+12) | This block repeats for Nriming times. The length of
dependent ionosphere satellite group bit mask is given by the number of
corrections Low Rate Satellite Groups Ne(r) (ZDF010).
This field is only present if ZDF020 is 1.
SSRZ Model Parameters Block ZDB060 variable This field is only present if ZDF020 is 1.
SSRZ Default Resolution of the ZDF080 variable This resolution is valid for all satellite dependent
satellite-dependent regional ionosphere correction values.
lonosphere corrections This field is only present if ZDF020 is 1.
SSRZ Compressed Coefficient ZDB023 Variable This block defines the SSRZ Rice Blocks in ZDB007

Data Block Definition

in ZM0O06.
This block is only present if ZDF020 is 1.
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9.2.6 SSRZ Global VTEC lonosphere Correction Metadata Message Block (ZMB006)

The SSRZ Global VTEC lonosphere Correction Metadata Message Block (ZMBO006) defines the metadata required for
decoding the SSRZ Global VTEC lonosphere Correction Message (ZM006). The data field ZDF020 mentioned in the
notes refers to ZDF020 in the SSRZ Metadata Message Block ZMB012 that includes ZMBOO06.

Table 9.8 SSRZ Global VTEC lonosphere Correction Metadata Message Block ZMB006

Definition Number of Bits
SSRZ Global VTEC Timing Block ZDB018 12 This block is only present if ZDF020 is 2,3, 4.
SSRZ Model Parameters Block ZDB030 variable This Block is only present if ZDF020 is 2,3.
SSRZ Encoder Type ZDF129 variable 0: No encoding

1: Rice Encoder

This field is only present if ZDF020 is 2,3,4

Global VTEC Resolution ZDF081 variable This field is only present if ZDF020 is 2.
Global VTEC Resolution ZDF082 variable This field is only present if ZDF020 is 3, 4.
Number of lonospheric Layers ZDF130 TBD This field is only present if ZDF020 is 4
SSRZ Global VTEC lonospheric ZDB061 TBD This block repeats for the number of layers
Layer Block indicated by ZDF130.

The total number of Global VTEC corrections is
computed from

L
Nyrge = Z(NZ +1)* =N, - M)(N, — M, + 1)
;

This block is only present if ZDF020 is 4.

SSRZ Compressed Coefficients ZDB023 variable This block repeats for the number of layers
Block Definition indicated by ZDF130.

The grouping/bundling of Global VTEC coefficients
is not yet fully optimized and might change in
upcoming SSRZ Format versions

This block is only present if ZDF020 is 4.

9.2.7 SSRZ Regional Troposphere Correction Metadata Message Block (ZMB007)

The SSRZ Regional Troposphere Correction Metadata Message Block (ZMB007) defines the metadata required for
decoding the SSRZ Regional Troposphere Correction Message (ZM007). The data field ZDF020 mentioned in the notes
refers to ZDF020 in the SSRZ Metadata Message Block ZMB012 that includes ZMBO007.

Table 9.9 SSRZ Regional Troposphere Correction Metadata Message Block ZMB007

Definition Number of Bits
SSRZ Regional Troposphere ZDB018 12 This field is only present if ZDF020 is 2, 3.
Timing Block
Troposphere Basic Component ZDF107 bit(16) This bit mask indicates which components are
Bit Mask transmitted in the regional troposphere correction

message (ZM007).
This field is only present if ZDF020 is 2, 3.

SSRZ Model Parameters Block ZDB060 variable This field is only present if ZDF020 is 2.
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regional troposphere mapping
improvements

Number of orders in latitude ZDF165 variable Nyge rr

This field is only present if ZDF020 is 3.
Number of orders in longitude ZDF166 variable Nionrr

This field is only present if ZDF020 is 3.
Number of orders in height ZDF167 variable Npgt rr

This field is only present if ZDF020 is 3.
Latitude of ground point origin ZDF168 11 PGPo.RT

This field is only present if ZDF020 is 3.
Longitude of ground point ZDF169 12 AGpo, RT
origin This field is only present if ZDF020 is 3.
Height of ground point origin ZDF170 14 Hgpo rr

This field is only present if ZDF020 is 3.
Number of horizontal mapping ZDF171 variable Mhorizontal RT
improvements This field is only present if bit 3 (mapping

improvement) is set in ZDF107 and ZDF020 is 3.
Number of mapping ZDF172 variable My ge rr
improvements in height This field is only present if bit 3 (mapping

improvement) is set in ZDF107 and ZDF020 is 3.
Maximum mapping ZDF173 6 This field is only present if bit 3 (mapping
improvement elevation improvement) is set in ZDF107 and ZDF020 is 3.
SSRZ default resolution of the ZDF085 variable Resolution of the dry part.
regional troposphere dry part This field is only present if

bit 0 in ZDF107 is set and ZDF020 is 2, 3.
SSRZ Compressed Coefficients ZDB023 variable Rice Block Definition of the dry part.
Block Definition of regional This block is only present if
troposphere dry part bit 0 in ZDF107 is set and ZDF020 is 2, 3.
SSRZ default resolution of the ZDF085 variable Resolution of the wet part.
regional troposphere wet part This field is only present if

bit 1 in ZDF107 is set and ZDF020 is 2, 3.
SSRZ Compressed Coefficients ZDB023 variable Rice Block Definition of the wet part.
Block definition of regional This block is only present if
troposphere wet part bit 1 in ZDF107 is set and ZDF020 is 2, 3.
SSRZ default resolution of the ZDF085 variable Resolution of the total regional troposphere.
regional troposphere combined This field is only present if
dry + wet {total) part bit 2 in ZDF107 is set and ZDF020 is 2, 3.
SSRZ Compressed Coefficients ZDB023 variable Rice Block Definition of the total regional
Block Definition of regional troposphere.
troposphere combined dry + This block is only present if
wet (total) part bit 2 in ZDF107 is set and ZDF020 is 2, 3.
SSRZ default resolution of the ZDF086 variable Resolution of the mapping improvements.

This field is only present if
bit 3 in ZDF107 is set and ZDF020 is 2, 3.
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SSRZ Compressed Mapping ZDB086 variable SSRZ Rice Block definition of the mapping
Improvements Block Definition improvements

This block is only present if
bit 3 in ZDF107 is set and ZDF020 is 2, 3.

9.2.8 SSRZ QIX Bias Metadata Message Block (ZMB008)

Table 9.10 describes the SSRZ QIX Bias Metadata Message Block (ZMB0O08). This block can be part of the SSRZ Metadata
Message (ZM012) or of the SSRZ QIX Bias Message ZMO0O08 itself. The data field ZDF020 in the notes refers either to
ZDF020 in the SSRZ Metadata Message Block ZM012 that includes ZMBO008 or to ZDF020 in the ZM008.

Table 9.10 SSRZ QIX Bias Metadata Message Block ZMB008

Definition Number of Bits
SSRZ QIX Code Bias flag ZDF190 1 This field is only present if ZDF020 is 2.
SSRZ QIX Phase Bias flag ZDF191 1 This field is only present if ZDF020 is 2.
SSRZ QIX Code Bias Default ZDF089 variable This field is only present if
Resolution e ZDF0O20is 1

e 7ZDF020is 2 and ZDF190 is 1.

SSRZ Number of QIX Code Bias ZDF045 variable Number of SSRZ QIX Code Bias Rice Blocks Nra,ca.
Rice Blocks This field is only present if
e ZDF020is1

e 7ZDF020is 2 and ZDF190 is 1.

SSRZ QIX Code Bias Signal Rice ZDB022 variable This block repeats for Ngs,cs times.
Block Definition This block is only present if
e Z7ZDF020is1

e 7ZDF020is 2 and ZDF190 is 1.

SSRZ QIX Phase Bias Default ZDF090 variable This field is only present if
Resolution ° ZDF020is 1
e 7ZDF020is 2 and ZDF191 is 1.

SSRZ Number of QIX Phase Bias ZDF045 variable Number of SSRZ QIX Phase Bias Rice Blocks Nrg,ps.
Rice Blocks This field is only present if
e ZDF020is 1

e 7DF020is 2 and ZDF191 is 1.

SSRZ QIX Phase Bias Signal Rice ZDB022 variable This block repeats for Nrs,ps times.

Block Definition This block is only present if

e ZDF020is1

e 7DF020is 2 and ZDF191 is 1.

9.2.9 SSRZ Satellite Group Definition Metadata Message Block (ZMB011)

The SSRZ Satellite Group Definition Metadata Message Block (ZMBO011) contains the satellite group definitions
required in satellite dependent SSRZ correction messages and can be part of the SSRZ Metadata Message (ZM012) or
SSRZ Satellite Group Definition Message (ZM011). In a service only one message type (ZM011 or ZM012) can be used.
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The data field ZDF020 in the notes refers either to ZDF020 in the SSRZ Metadata Message Block ZM012 that includes

ZMBO11 or to ZDF020 in the ZMO011.

Table 9.11 SSRZ Satellite Group Definition Metadata Message Block ZMB011

Block

Definition Number of Bits
Number of SSRZ Low Rate ZDF010 5 Na(Lr)
Satellite Groups This field is only present if ZDF020 is 1, 2.
SSRZ Satellite Group Definition ZDB017 variable This block repeats for Neir) times.
Block This block is only present if ZDF020 is 1, 2.
Number of SSRZ High Rate ZDF011 5 Na(HR)
Satellite Groups This field is only present if ZDF020 is 1, 2.
SSRZ Satellite Group Definition ZDB017 variable This block repeats for Ne(ur) times.

This block is only present if ZDF020 is 1, 2.

9.2.10 SSRZ Metadata Message Block (ZMB012)

The SSRZ Metadata Message Block describes the relation between the SSRZ Metadata Tag, Type Number and specific

SSRZ metadata message blocks.

Table 9.12 SSRZ Metadata Message Block ZMB012

Definition

Number of Bits

SSRZ Metadata Tag ZDF020 variable 0: no data follow
SSRZ Metadata Type Number ZDF003 8 This field is only present if ZDF020 is larger than 0.
Number of SSRZ Metadata bits ZDF041 13 This field indicates the size of the subsequent SSRZ

SSRZ Metadata Message Blocks

(SSR-specific) Metadata Message Block. If the user
receives a valid (ZDF020, ZDF0O05) tuple but is not
able to decode the subsequent block the number of
bits given by ZDF014 have to be skipped to reach the
next SSRZ Metadata Message Block (ZM012)

This field is only present if ZDF020 is larger than 0.

Message Block

SSRZ High Rate Metadata ZMBO001 variable Table 9.3
Message Block This block is only present if
ZDF005 is 1 and ZDF020 is 1.
SSRZ Low Rate Metadata ZMB002 Vil The SSRZ Low Rate Metadata Message Block defines

the metadata required for decoding the SSRZ Low
Rate message (ZMO002).The data field ZDF020
mentioned in the notes refers to ZDF020 in the SSRZ
Metadata message Block ZMBO012 that includes
ZMBO002.

Table 9.4

This block is only present if
ZDFQ05 is 2 and ZDF020 is 1.
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Metadata Message Block

SSRZ Gridded lonosphere ZMBO003 variable Table 9.5
Correction Metadata Message This block is only present if
Block ZDF005 is 3 and ZDF020 is 1.
SSRZ Gridded Troposphere ZMB004 variable Table 9.6
Correction Metadata Message This block is only present if
Block ZDF005 is 4 and ZDF020 is 2.
SSRZ Satellite-depending ZMB005 variable Table 9.7
Regional lonosphere Correction This Block is only present if
Metadata Message Block ZDFOO5 is 5 and ZDF020 is 1.
SSRZ Global VTEC lonosphere ZMB006 variable This block is only present if
Correction Metadata Message ZDFO005 is 6 and ZDF020 is 2.
Block
SSRZ Regional Troposphere ZMBO007 variable Table 9.9
Correction Metadata Message This Block is only present if
Block ZDFO005 is 7 and ZDF020 is 2,3.
SSRZ QIX Bias Metadata ZMB008 variable Table 9.10
ZDF005 is 8 and ZDF020 is 1,2.
SSRZ Satellite Group Definition ZMB011 variable Table 9.11
Metadata Message Block This block is only present if
ZDF005 is 11 and ZDF020is 1, 2.
SSRZ Grid Definition Metadata ZMB013 variable This block is only present if
Message Block ZDFO005 is 13 and ZDF020 is 3, 4.
SSRZ Expected Messages ZMB025 variable Table 9.14

This block is only present if
ZDFO0O05 is 25 and ZDF020 is 1.

9.2.11 SSRZ Grid Definition Metadata Message Block (ZMB013)

The SSRZ Grid Definition Metadata Message Block (ZMB013) allows the transmission of grid definitions using SSRZ
Metadata message ZMO012 or as a separate message ZMO013. The data field ZDF020 in the notes refers either to ZDF020
in the SSRZ Metadata Message Block ZM012 that includes ZMB013 or to ZDF020 in the SSRZ Grid Definition Message

ZMO013.
Table 9.13 SSRZ Grid Definition Metadata Message Block ZMB013
Name Definition Number of Bits Notes

Number of grids ZDF091 variable Number of grids Ngrid defined within this message
block.
This field is only present if ZDF020 is 3, 4.

Order part of the grid point ZDF092 variable This field is only present if ZDF020 is 4.

coordinate resolution

Integer part of the grid point ZDF093 8 The grid point coordinate resolution derived from

coordinate resolution

ZDF092 and the subsequent ZDF093 is identical for
all grids transmitted with this message.

This field is only present if ZDF020 is 4.
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Grid point height resolution ZDF102 variable This field is valid for all transmitted grids with this
message.

This field is only present if ZDF020 is 4.

SSRZ Grid Definition Block ZDB012 variable This Block repeats for all Number of Grids Ngid

This field is only present if ZDF020 is 3, 4.

9.2.12 SSRZ Expected Correction Message Metadata Message Block (ZMB025)

The SSRZ Expected Correction Message Metadata Message Block holds information about the expected SSRZ messages
of the data stream in order to verify completeness of SSRZ Metadata definitions and consequently SSR update data.

Table 9.14 SSRZ Expected Messages Metadata Message Block ZMB025

Definition Number of Bits

SSRZ Message ID Bit Mask ZDF004 25 This field is only present if ZDF020 is 1.

9.3 SSRZ Grid Definition Message (ZM013)
This message (ZM013) describes the separated SSRZ Grid Definition Message.

Table 9.15 SSRZ Grid Definition Message ZM013

Definition Number of Bits
SSRZ Metadata Message ZDF002 9 Always 12 for SSRZ Message ZM013
Indicator
SSRZ Grid Definition Tag ZDF020 variable
SSRZ Grid Definition Message ZMBO013 variable This block is only present if ZDF020 is 3, 4.
Block
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10 SSRZ System and Signal IDs
The RINEX3 Code follows the RINEX 3.4 observation code (RINEX 2018), i.e. observation band and attribute.

Table 10.1 SSRZ GNSS Identifier

GNSS ‘ Field value Bit in ZDF012 RINEX3 Code
GPS 1 bit 0 (LSB) | G
GLONASS 2 bitl | R
Galileo 3 bit2 | E
Qzss 4 bit3 | J
SBAS 5 bitd | S
BDS 6 bit5 | C
IRNSS 7 bit6 | I
reserved 8 bit7 | -
reserved 9 bit8 | -
reserved 10 bit9 | -
reserved 11 bit 10 | -
reserved 12 bit 11 | -
reserved 13 bit12 | -
reserved 14 bit 13 | -
reserved 15 bit 14 | -
reserved 16 bit 15 (MSb) | -

Table 10.2 SSRZ Satellite Identifier (Satellite ID)

GNSS SSRZ Satellite ID

GPS PRN

GLONASS slot number in constellation
Galileo satellite number

Qzss PRN —192

SBAS PRN - 119

BDS PRN

IRNSS PRN

Table 10.3 Signal and Tracking Mode Identifier
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Bit in Signal Mapping RINEX3
ZDF019 Code
GPS bit 0 L1 C/A 1C
bit 1 L1 P (AS off) 1P
bit 2 L1 Z-tracking and similar (AS on) 1w
bit 3 reserved
bit 4 reserved
bit 5 L2 C/A 2C
bit 6 L2 L1(C/A)+(P2-P1) (semi-codeless) 2D
bit 7 L2 L2C (M) 2S
bit 8 L2 L2C (L) 2L
bit 9 L2 L2C (M+L) 2X
bit 10 L2 P (AS off) 2pP
bit 11 L2 Z-tracking and similar (AS on) 2W
bit 12 reserved
bit 13 reserved
bit 14 L5 1 51
bit 15 L5Q 5Q
bit 16 LS I+Q 5X
bit 17 L1 L1C (D) 1S
bit 18 L1 L1C (P) 1L
bit 19 L1 L1C (D+P) 1X
bit 20-31 reserved
GLONASS bit 0 G1C/A 1C
bit 1 GlpP 1P
bit 2 G2 C/A (GLONASS M) 2C
bit 3 G2 P 2P
bit 4 GlallocCd 4A
bit 5 Gla L10Cp 4B
bit 6 Gla L10Cd+ L10Cp 4x
bit 7 G2a L2CSI 6A
bit 8 G2a L20Cp 6B
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Bit in Signal Mapping RINEX3
ZDF019 Code
bit 9 G2a L2CSI+L20Cp 6X
bit 10 G31 3l
bit 11 G3Q 3Q
bit 12 G3 1+Q 3X
bit 13-31 reserved
Galileo bit 0 E1 A PRS 1A
bit 1 E1 B I/NAV OS/CS/SoL 1B
bit 2 E1 Cno data 1C
bit 3 E1l B+C 1X
bit 4 E1 A+B+C 17
bit 5 E5a | F/NAV OS 51
bit 6 E5a Q no data 5Q
bit 7 E5a 1+Q 5X
bit 8 ESb I I/NAV OS/CS/SoL 71
bit 9 E5b Q no data 7Q
bit 10 E5b I+Q 7X
bit 11 E5(E5a+E5b) | 8l
bit 12 E5(E5a+E5b) Q 8Q
bit 13 ES(E5a+E5b) 1+Q 8X
bit 14 E6 A PRS 6A
bit 15 E6 B C/NAV CS 6B
bit 16 E6 C no data 6C
bit 17 E6 B+C 6X
bit 18 E6 A+B+C 62
bit 19-31 reserved
QZSs bit 0 L1 C/A 1C
bit 1 L1 L1C (D) 1S
bit 2 L1 L1C (P) 1L
bit 3 L2 L2C (M) 25
bit 4 L2 L2C (L) 2L
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Bit in Signal Mapping RINEX3
ZDF019 Code
bit 5 L2 L2C (M+L) 2X
bit 6 L5 1 51
bit 7 L5Q 5Q
bit 8 L5 1+Q 5X
bit 9 L6 L6D 6S
bit 10 L6 L6P 6L
bit 11 L6 L6(D+P) 6X
bit 12 L1 L1C (D+P) 1X
bit 13-31 reserved
SBAS bit 0 L1 C/A 1C
bit 1 L5 1 51
bit 2 L5Q 5Q
bit 3 LS I+Q 5X
bit 4-31 reserved
BDS bit 0 B1-2 1 21
bit 1 B1-2 Q 2Q
bit 2 B1-2 1+Q 2X
bit 3 B3I 6l
bit 4 B3 Q 6Q
bit 5 B3 1+Q 6X
bit 6 B2b | 71
bit 7 B2b Q 7Q
bit 8 B2b I+Q 7X
bit9 B1 Data 1D
bit10 B1 Pilot 1P
bit11 B1 Data+Pilot 1X
bit12 B1 B1A 1A
bit13 B1 Codeless 1IN
bit14 B2a Data 5D
bit15 B2a Pilot 5P

© 2018-2020 Geo++® GmbH

Page 74 of 102

SSRZ Format




Bit in Signal Mapping RINEX3

ZDF019 Code
bit16 B2a Data+Pilot 5X
bit17 B2b Data 7D
bit18 B2b Pilot 7P
bit19 B2b Data+Pilot 77
bit20 B2(B2a+B2b) Data 8D
bit21 B2(B2a+B2b) Pilot 8P
bit22 B2(B2a+B2b) Data+Pilot 8X

bit 23-31 reserved
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11 State Space Representation

The pseudo range PR}',S and carrier phase cp}s)\s between a satellite i and a receiver j for signal s based on code and

phase measurements, respectively, are described by the observation equations (11.1) and (11.2). The main error
components are clock, orbit, signal biases, ionosphere and troposphere:

PR} =|R}| + 6C] + 6CBj, + 61+ 6T} + 65/ + ¢/ (11.1)

@i As=|R}| + 6C/ + 6PBj;— 8If s+ 6T/ + A, N+ 8s) + ¢f, (11.2)
whereby

Range between satellite antenna phase center and receiver
|RL-| phase center. This range is obtained from the satellite’s
broadcast ephemeris with orbit error 6X*.

SCJ-" clock errors

6CB]-i‘S code biases

6PB},S phase biases

61}_5 ionospheric impacts

6Tf tropospheric delays

A wavelength of carrier phase f; of signal s

les ambiguity in phase observation

6Sji,S errors related to code observation

65}15 errors related to phase observation

8},5 noise
The clock errors are

8C}=5C; — &C" (11.3)
with

6C; receiver clock error

5Ct satellite clock error

This signal biases can be separated into three biases

8CB} ;=—8BL + 6B; s + 6B} (11.4)

8PB} =—8b + 8b; s + &b} (11.5)
which are

SB! satellite code bias for signal s

Shi satellite phase bias for signal s

0B; receiver code bias for signal s
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6bj receiver phase bias for signal s
53}15 receiver code bias for signal s from satellite

6b}'s receiver phase bias for signal s from satellite i.

The errors 65}"5 and 65}_5 include terms to describe the impacts of variations at the receiver and satellite antenna as
well as multipath at the rover site and at the satellite for signal s.

SSRZ provides parameters to compute individual
e orbit correction X! (section 11.1)
e clock correction §C* (section 11.2)
e signal bias corrections 8B and §b% (section 11.3)

e ionosphere correction 611-"‘5 (section 11.4)

e troposphere correction 6Tji (section 11.5)

11.1 SSR Orbit Correction

eCTOSS

ealong

€radial

Figure 4 Radial, along-track, and cross-track orbit components

The SSRZ low rate message ZMO002 contains the parameters §0 for orbit corrections in radial, along-track and cross-
track component (RTCM 2011). These orbit corrections are used to compute a satellite position correction §X, to be
combined with satellite position X;,-oqdcast Calculated from broadcast ephemeris. The SSR orbit corrections are then
applied to it. The sign definition of the correction is

Xorvit = Xbroadcast — 0X (11.6)
with

X satellite position corrected by SSR Orbit Correction provided
orbit by SSRZ low rate message ZM002

satellite position computed according to corresponding
Xbroadcast GNSS ICD from broadcast ephemeris parameter set
identified by 10D in SSR Orbit Correction message

oX satellite position correction
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The satellite position correction X is computed via coordinate transformation from the (radial, along, cross) system
according to

T
€along = m (11.7)
rXr
€cross = m (11.8)
€radial = €along X €cross (11.9)
6X = [€radial €along €cross] 60 (11.10)
with
r=X satellite broadcast position vector
=X satellite broadcast velocity vector
e; direction unit vector, i = {radial, along, cross}
60 orbit correction vector
The orbit correction vector §0 reads:
80radial
80 = |60410ng (11.112)
SOCTOSS

The orbit representation requires the definition of a coordinate reference system. For global services the coordinate
system should be related to the ITRF. For regional services a reference system related to the tectonic plate of the
region is often used.

NOTE: On geostationary satellites (GEO)

The satellite broadcast velocity vector for Geostationary Earth Orbit satellites (GEO) can be null, which gives
no SSR orbit corrections using equations (11.7) to (11.10). The velocity vector for GEO satellites is therefore
defined in a non-rotating system parallel to the ITRF at GNSS epoch time. The GPS value of the angular velocity
of the Earth around the Z-axis (IS-GPS-20000) is used in the computation for all GNSS.

The satellite broadcast velocity vector for geostationary satellites is computed
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—Q¢ " Yoroadcast

T = Tproadcast T

with the angular velocity

Qe * Xproadcast
0

Q, = 72921151467 107° rad/sec

NOTE: On Broadcast Messages

(11.12)

(11.13)

The orbit and clock messages contain data to be combined with the corresponding values obtained from the
satellites broadcast message. The supported broadcast messages are redundant in some GNSS. The SSR model
definitions refer currently for the different GNSS to the following broadcast messages, i.e. GNSS ICDs:

GPS
GLONASS

Galileo

BDS (BeiDou)

QZSSs
SBAS
IRNSS/NavIC

(NAV data, D(t), IS-GPS-200D)

(I/NAV data, Galileo OS SIS ICD, Issue 1.1, September 2010)

NOTE: On Satellite Reference Point

The satellite antenna reference point (SRP) for orbit corrections is the phase center (PC) of the reference frequency as
listed in Table 10.1. The signal and tracking descriptions follow the RINEX 3.4 observation code (RINEX 2018), i.e.
observation band and attribute.

Table 11.1 GNSS SRP Definition

GNSS ‘ SRP Reference Frequency RINEX3 Code
GPS L1 1C
GLONASS G1 1C
Galileo El 1C
(OVAN) L1 1C
SBAS L1 1C
BDS B1 1C
IRNSS L5 5C

In the past the PCs and PCV for GPS and GLONASS have been treated identical for L1 and L2 to be the PC
and PCV of the L1/L2 ionospheric free linear combination. The change to a reference frequency SRP
definition, e.g. L1 for GPS and GLONASS, will have no effect on dual-frequency services. With the availability
of new frequencies and GNSS as well as individual ground calibrations of transmitting satellite antennae a
rigorous definition is necessary. Selecting the PC for a certain linear combination of signals complicates
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computation. The PC of the most commonly used and generally available frequencies has been chosen for
the SRP definition to minimize the corrections to be applied and to keep algorithms simple.

11.2 SSR Clock Correction

The SSRZ messages ZM001 and ZMO002 contain the parameters to compute the clock correction §C applied to the
broadcast satellite clock. The satellite clock is computed according to the corresponding GNSS ICD algorithm from the
satellite broadcast parameters. The SSR corrections are not defined as corrections to any GNSS specific broadcast
correction term itself (e.g. the corrections C; are not directly related to the GPS clock correction terms a; nor to the
GLONASS clock bias (z,,) or GLONASS frequency offset (y;,) corrections terms). The SSR satellite clock corrections are
then applied to satellite clock.

The polynomial SSR representation describes the clock difference for a certain time period. The sign definition of the
corrections is

6C

tsatellite = tbroadcast — W (11.14)

with

satellite time computed according to corresponding GNSS ICD

throadcast from broadcast clock parameters, identified by I0D/IODE of
corresponding SSR Orbit Correction message
tsatellite satellite time corrected by SSR clock correction

clock correction obtained from SSR clock correction provided by
6C SSRZ Low Rate and High Rate Messages ZM002 and ZMO0O01,
respectively

The polynomial is computed according to

with

polynomial Clock Correction coefficients from SSR Low Rate

Ci Message, i = 0,1

Cyr clock Correction from SSR High Rate Message

t time

to time obtained from SSR High Clock Correction message

The reference time for the polynomial terms is the beginning of the SSR Update Interval.
NOTE: On Relativistic Effects

The satellite clock is computed following the corresponding GNSS ICD algorithm, i.e. a relativistic is applied
accordingly. The relativity correction has to be applied e.g. for GPS according to IS-GPS-200D (paragraph
20.3.3.3.3.1). The relativistic correction term Aty is
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2r - 1

Aty = — (11.16)

c2

For GLONASS the relativistic effects are already taken into account in the broadcast clock parameters.

Satellite clocks are determined from ionospheric free signals derived from observations used by the service provider.
Such observations are affected by delays introduced in the satellite hardware (code signal biases). For example, GPS
broadcast clocks are referenced to the ionospheric free linear combination of the P codes on L1 and L2, ignoring any
code biases of these signals. For SSR, the selection of signals used to generate the satellite clock corrections and the
treatment of code biases are left to the service provider. The service provider shall ensure a consistent transmission
of clock and code bias parameters. A Client must then consistently apply the code biases and clock corrections.

NOTE: On Broadcast Messages
See also corresponding Note in 11.1.

According to the Galileo OS SIS ICD, Issue 1.1, September 2010, there are two different clock representations
for Galileo satellite clock corrections, namely the F/NAV and the I/NAV clock. The clocks are transmitted for
different services and signals. F/NAV is for Dual-frequency (E1, E5a) or Single-frequency E5a services. I/NAV is
available for Dual-Frequency (E1, E5b), Single-frequency E5b and Single-frequency E1. The clocks will be derived
from dual frequency ionosphere free linear combinations of observables on E1/E5A or E1/E5b respectively.

For both, F/NAV and I/NAV, clock polynomial coefficients and a reference time are provided by Galileo.
However, there is no information on consistency of both clocks in conjunction with group delay parameters
transmitted.

SSR clock corrections are related to a broadcast reference clock. The I/NAV clock has been chosen as the
reference clock for Galileo SSR correction.

11.3 SSR Signal Bias Correction

SSRZ Low Rate Message ZM002 and SSRZ QIX Bias Message ZMO008 provide parameters to compute SSR satellite code
and phase bias corrections §B. and §bL in units of meters. They are computed in the following fashion

8B = B! (11.17)
with

B} SSR satellite code bias correction provided by SSRZ Low

Rate Message ZMO0O02 (in units of meters)

and

Shi = bl - A (11.18)
with

b SSR satellite phase bias correction provided by SSRZ Low

s Rate Message ZMO0O02 (in units of cycles)
As wavelength of carrier phase f; of signal s

NOTE: On GNSS phase biases
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Phase Wind-Up. The satellite yaw angle if needed to apply the phase wind-up corrections for carrier phase
observations. The server shall generate consistent satellite clock corrections and phase biases. In order to
allow consistent corrections at the client side, the yaw angle used by the server is included in the phase bias
message.

A rover must know the GLONASS channel numbers from an external resource to compute the GLONASS phase
biases in units of meters.

NOTE: On GLONASS phase bias correction

A rover must know the GLONASS channel numbers from an external resource to compute the GLONASS phase
biases in units of meters.

The SSRZ QIX Bias Message ZMO0O08 includes parameters that enable the computation of code and signal bias
corrections of signal s,, in combination with code and phase bias corrections of signal s, provided by the SSRZ Low
Rate Message (equations (11.17) and (11.18)). The index s, indicates the so-called reference signal of a frequency per
GNSS.

6Bs11 = SBSO - QIXsnr if fsn = fso (11.19)
6bsn = 6bso - qixsn ’ if fsn = fso (11.20)
whereby
01X QIX code bias parameters of signal s,, provided by SSRZ
Sn QIX Bias Message ZM0O08 (in units meters)
qix QIX phase bias parameter of signal s,, provided by SSRZ
Sn QIX Bias Message ZMO0O08 (in units meters)
fso frequency of the reference signal s,
Sn signal with the same frequency as s,

The SSRZ Low Rate and QIX Bias Messages contain the satellite biases for the GNSS observable. The signal and tracking
descriptions follow the RINEX 3.4 observation code (RINEX 2018), i.e. observation band and attribute.

The signal biases reported in the SSRZ messages must be added to the pseudo range measurements of the
corresponding signal to get corrected pseudo ranges. Biases have no reference to any satellite broadcast parameter.
The biases are applied to the original observables without any prior correction of observables due to broadcast
parameters (e.g. the GPS group delay differential, Tap, IS-GPS 200D).

The provider shall support as many signals as possible and must report signal biases which are zero. A Client can
consistently use signals for which a signal bias is transmitted. It is not reliable for a Client to use a signal without
retrieving a corresponding signal bias from the data stream.

11.4 SSR lonosphere Corrections

SSRZ supports a multi-stage correction model for the ionosphere.

The total ionospheric impact on the range observation [m] for a specific frequency f; [Hz] is given by the sum of STEC
values from all stages:

. 403-10'
Sy = —7 (STECgy; + STEC;; + STECgs; + STEC;R;) (11.21)

S
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STEC of the global vertical ionosphere correction (GVI) provided

STECoyi by ZM006
STEC STEC of the global satellite dependent ionosphere correction
GSI (GSl) provided by ZM002
STEC STEC of the regional satellite dependent ionosphere correction
RSI (RSI) provided by ZM005
STEC of the gridded (satellite dependent) ionosphere correction
STECggr;

(GRI) provided by ZM003

The notation STEC (slant TEC) implies the dependency of rover and satellite position. For that reason, the indexes i
and j are omitted.

The ionospheric impact results in a pseudo range delay for code observations and phase range advance for phase
observations. This behavior is considered by the sign of 81}5 in equations (11.1) and (11.2).

It is up to the service provider, which stages are supported.

11.4.1 Global VTEC lonosphere Correction

The Global VTEC lonosphere Correction is represented by a spherical harmonic expansion. A spherical harmonic
expansion allows a global and continuous model of the ionosphere but can also be applied to a regional area. It is the
(optional) first constituent of a multiple stage ionospheric correction.

The VTEC (vertical TEC) from the spherical harmonic expansion is defined for infinitesimal thin TEC layers. The values
must be mapped to slant TEC (STEC) values using the elevation of the satellites at the height of the corresponding
ionospheric layer transmitted in the SSR VTEC message (see below).

NOTE: On Unreasonable VTEC

A spherical harmonic expansion with high degree and order may suffer a weak representation of the true VTEC
in areas with sparse observation coverage. It is the responsibility of the service provider to take counter
measures to avoid unreasonable VTEC values.

To simplify the algorithm and to avoid heavy computational load, the spherical harmonics are defined for a spherical
Earth model, with a mean radius of 6370 km. Latitude, longitude, height as well as azimuth and elevation of the
satellites are defined with respect to this model instead of an ellipsoidal representation.

NOTE: On Sagnac Effect

For the computation of the ECEF satellite position’s azimuth and elevation, the ECEF satellite coordinates
computed at the time of signal transmission at the satellite shall be rotated to the epoch of signal reception
at the receiver to account for the Sagnac effect caused by Earth rotation and signal propagation.

The cosine coefficients C and sine coefficients S are represented for a specific degree N and order M < N of a series

. . . . . . 1
of spherical harmonic functions to describe the VTEC in total electron content units (1 TECU = 101° % )

The VTEC contribution for each layer is computed in TECU as:
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N min(n,M)

VTEC(@pp, App) = z z (Crm €OS MAg + Sy SINMAG) By (Sin @pp) (11.22)

n=0 m=0

with

N degree of spherical expansion

M order of spherical expansion

n,m indices

Chm cosine coefficients for the layer [TECU]

Snm sine coefficients for the layer [TECU]

1 mean sun-fixed and phase shifted longitude of ionospheric
S pierce point for the layer modulo 27 [radians]

App longitude of ionospheric pierce point for the layer [radians]

t GPS time of computation epoch modulo 86400 [s]

geocentric latitude of ionospheric pierce point for the layer
Ppp [radians]
B () fully normalized associated Legendre functions

The mean sun-fixed longitude phase is shifted by 2 h to the approximate TEC maximum at 14:00 local time (resp.
50400 s) according to:

(t — 50400)

86400 27r> modulo(21) (11.23)

As = App +<

Longitude App and latitude @pp refer to the position of the ionospheric pierce point at the height of the ionospheric
layer. The ionospheric pierce point is the intersection of a straight line from the Client position to the satellite and a
sphere with the height of the ionospheric layer above the spherical Earth model.

The position of the pierce point in the spherical Earth model is computed in radians, for example, by

@pp = arcsin(sin @ cosYpp + €OS Pg SinYpp cos A) (11.24)
with

Or geocentric latitude of Client position [radians]

AR longitude of Client position [radians]

Ypp central angle of the pierce point [radians]

azimuth of satellite from Client position in the spherical Earth
model [radians]

The angle Ypp is the spherical Earth’s central angle between Client position and the projection of the pierce point to
the spherical Earth’s surface. It is computed in radians by:
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R, + hp

e TR E) 11.25
R, +h (11.25)

Ypp =)y —E — arcsin(

elevation angle of satellite at Client position in the spherical

E Earth model [radians]

R, spherical Earth’s radius of 6370 km

h height of ionospheric layer above the spherical Earth model
! [km]

hp height of Client position above the spherical Earth model [km]

Under the following conditions, which apply for Client position and satellites visible at Client position

@gr = 0°and tanpp cos A > tan("/, — pp)
o (11.26)
@r < 0°and —tanypp cosA > tan("/z + ¢r)

the pierce point longitude is computed in radians according to

sin sin A
App = Ag + m —arcsin (L> (11.27)
COS Ppp
In all other cases the pierce point longitude is computed in radians according to
sin sin A
App = Ag + arcsin (L> . (11.28)
COS Ppp
The STEC contribution of the layer [ is computed in TECU with
STEC, = sf - VTE(,, (11.29)
with mapping function
f ! 11.30
sSf=————, .
sin(E + ¥pp) ( )
The total STECgy; is computed by the sum of the individual STEC, for each layerl = 1,2, ..., L.
L

1=1
11.4.2 Satellite-dependent Global and Regional lonosphere Corrections

The Satellite-dependent Global (GSI) and Regional (RSI) lonosphere corrections are the second and third stage of the
SSRZ supported multi-stage ionosphere model.

Similar to the Global VTEC ionospheric model the corrections are defined for an infinitesimal thin layer and a sun-fixed
spherical Earth model (mean radius 6370 km).
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For both models the VTEC contribution of a layer is computed as a two-dimensional Chebyshev polynomial expansion

M; Mj
VTEC(ANPP,AEPP) = Z Z ai]‘ Tl(p ) ANPP) Tj,(p - AEPP) (1132)
i=0 j=0
with
T,.(") Chebyshev polynomial of order n

Differences in the projected North and East direction
[radians] between the satellite’s pierce point and the pierce

ANpp, AEpp point origin PPO. The type of projection and the PPO (the
origin of the Chebyshev expansion) are defined differently
for GSl and RSI.

STEC Polynomial Coefficients for the satellite provided by
a;j ZDB008 in ZM002 and ZMO0O5, respectively. Coefficients not
provided by the model have be assumed to be zero.

VTEC vertical TEC for the satellite at Client location, in [TECU]
Maximum order of polynomials in North direction and East

M;, M; directions M; = M; = max(i + j) for i,j supported by the
model.

o) constant scaling factor p = 6.970

Chebyshev polynomials T;, (x) of order n with argument x are recursively defined:

To(x) =1
Ti(x) =x

T,(x) =2x% -1 (11.33)

Ths1(x) = 2xT, (x) — Tpmq (%)
and vary in the range of [-1,+1] for —1 < x < 1.

The origin of the polynomial expansion is given by the pierce point origin PPO that is, however, differently defined for
each model. For the GSI model the PPO is the pierce point of the nadir direction of satellite with respect to the spherical
ionospheric layer (Figure 5). For the RSI model the PPO is the pierce point of the satellite for the STEC Ground Point
Origin STEC GPO (Figure 7). The ellipsoidal coordinates of GPO (with respect to a region) are given in the RSI metadata.
The PPOs of both models are valid and fixed from the beginning and for the length of the corresponding update interval
indicated by the time tag ZDF050 in the correction messages (Figure 6 and Figure 8).
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sv1"‘ '.' sv2

ANpp, AEpp ANpp, AEpp

spherical iono layer Nadirgy

et sTEC oo aver [ rover psiio

spherical reference

Figure 5 Pierce point origin of the GSI model. The PPO is defined by the nadir with respect to spherical layer.

SVW sv2

PPgyy(t2)

ANpp, AEpp ANpp, AEpp

Nadirgy,

spherical iono layer Nadirgy,

PPgy,(t2)

height STEC Wm

spherical reference

Figure 6 GSI Changing satellite geometry for reference time t4 and time t, for a
static rover position within an update interval. The PPO (nadir) of the
satellites are identical for these two times.

sv1 '.' sv2
i

ANpp, AEpp ANpp, AEpp

spherical iono layer

— rover position
®
STEC GPO

height STEC iono layer

spherical reference

Figure 7 STEC model for two satellites with Pierce Points of spherical STEC Ground Point
Origin (GPO) and Client position.
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SVM sv2

ANpp, AEpp PPsy1(t2)

ANpp, AEpp

spherical iono layer

— rover position
°
STEC GPO

height STEC iono layer

spherical reference

Figure 8 Changing satellite gecometry for reference time t4

and time t,, for earth fixed STEC model and a static Client position.

GSI and RSI models include a sun-fixed polynomial expansion. Thus, the longitude of a pierce point must be shifted
according to equation (11.23).

The PPO and the projection types are differently for GSI and RSI while the definition of the North and East directions
is defined identically: The meridian plane through PPO is described by its normal unit vector n in the spherical earth

model:

_ €northpole X €ppo

|enorthpole X ePPOl

with the unit vector et pore from earth center to North pole

0
€north pole = 0

1

and the unit vector eppg from earth center to pierce point origin PPO

€ppo =

with

Xppo
1Xppol

Xppo position vector of PPO in the spherical earth model.

The origin of the transversal system is the PPO and the North and East directions are given by

ey =——m—
leppo X 1|

and

€ppp XM
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€ppp X €y

eg =7 - 11.38
7 leppo x eyl ( )
The distance npp of the Client pierce point PP to the meridian plane through PPO is computed from:
Npp =M - €pp (11.39)
with
Xpp
Cop = 11.40
PP = X (140
and
Xpp position vector of PP in the spherical earth model.

The coordinate difference AESp equals the latitude of PP in the transversal system (upper index t), i.e. the angular
distance of the PP from the meridian plane through PPO:

AEEp = arcsin(npp) (11.41)

The coordinate difference AN}EP is the difference in longitude of PP in the transversal system and can be computed as
follows.

€pp — Npp N

e = .
A Pr—— (11.42)
and
_ _ €zpp X €ppg
n=——>— """~ (11.43)
|ez,PP X €ppo
Under the condition . = n the term AN} is computed as
ANfp = arcsin(|ezlpp X epPOD (11.44)
Under the condition n = —n it is computed as
ANfp = —arcsin(|eZ_PP X epPOD. (11.45)

The different conditions consider the sign change of the latitude at the equator.

The GSI and RSI corrections are based on two-dimensional polynomial expansions. Two different projections are
chosen: The GSI model uses a stereographic projection of the transversal system. Thus, the coordinate differences in
North and East scale with

ANSS! = 2tan(AN}p /2) (11.46)

AESS! = 2tan(AEEp/2). (11.47)

The RSI model works with a transversal Mercator projection

© 2018-2020 Geo++® GmbH Page 89 of 102 SSRZ Format



ANES! = ANEp (11.48)

AERST = AEL, . (11.49)

In both models, the STEC contribution is TECU with
STEC(ANpp, AEpp) = sf - VTEC(ANpp, AEpp) (11.50)

and with mapping function sf from equation (11.30). The sum of all layers and model is inserted in equation (11.21).

11.4.3 SSR Gridded lonosphere Correction

The Gridded lonosphere correction (gridded STEC or GRI) is the fourth stage of the SSRZ supported multi-stage
lonosphere model and includes the residuals between STEC contributions of the previously introduced ionospheric
correction models and the total STEC values obtained from GNSS network processing.

The STEC correction mapped to VTEC for each grid point i with ellipsoidal coordinates (¢;,;, h;) (obtained from
ZMBO013) are transmitted in ZMO004.

STECgri(@y A, hy) (11.51)

11.5 SSR Troposphere Correction

SSRZ provides a multi-stage troposphere correction model. In addition, the total tropospheric delay is given by the
sum of the provided components.

8T} = 8Ty + 6T, ; + 6T

(11.52)
The tropospheric delay STCi_j per component c (dry, wet, total) is given by
j ZModel i
8T ; = [6TL (1 + ] + 5] + t257)|mf(EY) (11.53)

with
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sTZModel total zenith tropospheric delay derived from the
J Saastamoinen troposphere model at the rover position.

(RT _ 5Tf,’-GT tropospheric scale factor of the global troposphere model

& grpMedel stage of component ¢

(RT _ sTZRT tropospheric scale factor of the regional troposphere model
¢J — gr#Model stage of component ¢
LGRT _ STRT tropospheric scale factor of the gridded troposphere model
2 srModel stage of component ¢
mf (Ei) Vienna Global Mapping Function of the total tropospheric
¢ dale
Et satellite elevation at rover position

For the Saastamoinen troposphere model and the Vienna Global Mapping function (GMF) refer to IERS (2010).

The scale factors are defined as the ratio between the zenith tropospheric delay of the troposphere model stage and
the zenith tropospheric delay from the Saastamoinen model troposphere.

ZGT
6T.

GT _
tc; = S ZModel (11.54)
c.Jj
ZRT
¢RT — 8T, (11.55)
¢J STZ,'Model .
c.j
STZGRT
GRT _ c.j
tehl = W (11.56)
¢Jj

Substitution in equation (11.53) clarifies the relation between troposphere model function and SSR multi-stage
modelling approach:

STL; = (8TAMO% + 6T + 6TH + 8TZN )mf(EY). (11.57)

11.5.1 SSR Global Troposphere Correction

A future SSRZ message will support the broadcast of global troposphere corrections. For that reason, the contribution
of the global troposphere stage is zero.

STZET = 0. (11.58)

c.j

11.5.2 SSR Regional Troposphere Correction

The tropospheric scale factor of the regional troposphere tng- = th(cp]-,A]-, h;) for a component ¢ at position j with
ellipsoidal coordinates (@j, A, h;) is computed as a horizontal Chebyshev and vertical algebraic polynomial expansion.
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Ng—=1N;=1 Npp—1

t" (Ap, AN, AR) = Qi (AR Ty (M) T (AN), (11.59)

whereby

Ap = ((Pj - <PGPO) *Rg/Dgr

AN = O\j — Agpo)cos(®@gpo) - Rg/Dgr

8h = (hj — hgpo)

Akim

11.5.3 SSR Gridded Troposphere Correction

difference between rover and ground point
latitude in [radians]

difference between rover and ground point
longitude in [radians]

difference between rover and ground point
height [m]

regional
coefficient

troposphere  scale  factor

Chebyshev polynomial of order n
(equation(11.33))

number of orders in Latitude
number of orders in Longitude
number of layers

Earth’s radius of 6378135.0m

coverage dependent factor in [meters]

The SSR Gridded Troposphere Correction (GRT) is a stage of the SSRZ supported multi-stage Troposphere correction
model. The Gridded Troposphere correction for each grid point (defined in ZMB013) is transmitted in message ZM004.

The tropospheric scale factor of the gridded troposphere model t

GRT

8T = t&RT (A, @j, hy) for a component c at position

Jj with ellipsoidal coordinates (A;, @j, h;) is obtained from interpolation of gridded troposphere corrections.

The user is free to choose his own preferred interpolation algorithm as the gridded troposphere corrections are
associated with the network’s stations (native grid) observations.
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12 Grid Representation and Gridded Data Predictor

The SSRZ format is optimized for a two-dimensional native grid corresponding to the network stations to avoid double
interpolation errors. The SSRZ grid encoding algorithm assumes that neighbored network stations form almost
equilateral triangles.

The latitude and longitude of the ith point of such a triangle are represented by the coordinate vector

7 = (@4, Ap). (12.1)

Due to the assumption of equilateral triangles, the third point of a triangle can be represented by three parameters
with respect to the baseline formed by the first and second point: two float value parameters, ds and ss, and a Point
Position Flag. The Point Position Flag indicates the location of the third point with respect to the baseline pointing
from 7, to 7, (1 means left, 0 means right). The parameter ds can be seen as the difference between the position of
the real third point and the estimated one, parallel to the baseline. The parameter ss can be seen as the variation
along the perpendicular direction with respect to the baseline.

ds = S23 — S13 (12.2)
Si13+sS
ss=-2 2 S12, (12.3)
2
with
sy = |f— il ={123}i # (12.4)

Baseline

r
Figure 9 SSRZ triangle point and edge descriptions

The grid representation is iterative and based on the first triangle as well as three additional flags per grid point,
respectively, starting with the third point of the chain. These flags indicate, if the current used baseline is also the
baseline of the next triangle (Use Baseline Flag), or if the edges s,3 (Add Baseline Left Flag) or s, (Add Baseline Right
Flag) are used as baselines for a further triangle. The sequence of (iteratively) connected triangles in a grid is called
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chain. The triangles of a chain should have comparable sizes as the values of grid point related atmospheric SSR
parameters of one triangle are used to predict the value at a point in a neighbored triangle (Paeth-Predictor). This
predictor works the better, the similar the triangles of a chain. This close relation requires the consideration of
clustered grid points in a service area (e.g. islands or differently separated regions). For this reason, more than one
chain per grid is possible. A criterium for this separation could be the maximum distance between two closed
neighbored grid points.

12.1.1 Grid reconstruction

The grid is chain-wise reconstructed. The required parameters per chain are gained from the SSRZ Compressed Chain
Block (ZDB107). The first point of a chain is identical to the first point of the first triangle. Its latitude and longitude

1 = (¢1,11) (12.5)

are given by the decoded values from the first Rice-encoded data block. The second Rice-encoded data block contains
pair-wisely the parameters per grid point: (d¢, dA),, (ds,ds)s, (ds, s5)4, ..., (ds, SS)Npts/chain' The coordinates of the

second point are

7 = (1 + doy, A1 + diy). (12.6)

These two points define the first baseline which points from 7; to 7.

The SSRZ Compressed Chain Block provides six parameters for the third and each subsequent point: (ds,ds) , Use
Baseline Flag (ZDF095), Point Position Flag (ZDF096), Add Baseline Left Flag (ZDF097), and Add Baseline Right Flag
(ZDF098).

The Use Baseline Flag should be always 1 for the third point of a chain as only one baseline has been defined so far
and this current baseline has to be used. For other points it could also be zero, indicating that the next baseline from
a list has to be used. The Add Baseline Left Flag or Add Baseline Right Flag indicate if one or even two additional
baselines (defined by one of the current baseline points and the third triangle point) have to be added to a list. The
direction of the additional baseline vectors is described in the Flag Data Field Notes. If both flags are set first, the
baseline derived from the Add Baseline Left Flag is added to the list.

The previously mentioned flags describe the iterative path along a chain. The third point of each reached triangle 75 is
reconstructed together with corresponding Point Position Flag in the following fashion:

Step 1:
de = @2 — ¢, (129
di =21, — A4 '
t;, = atan2(dA, do) (12.8)
Step 2:
ds
513 =55+ S12 — 7 (129)
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Sy3 = S13 + ds (1210)

2 2 2
Siz3t+Si —S
Q = arccos <M> (12.112)
2513512
Step 3:
ti, — 0, Point Position Flag = 1
ty = . . B (12.12)
t1, +a, Point Position Flag = 0
Step 4:
. o S13 COS i3
nB=n + ( . ) (1213)
S13Sint;

12.1.2 Height Encoding

SSRZ allows the transmission of height information as well. The height values per chain are encoded on the following
fashion:

1) Height of the first pointer per chain is transmitted absolutely h;

2) The heights of all subsequent points per chain are transmitted as differences to the previous grid point Ah; ;4 ;.
Thus, the height of point i + 1 is given by:

hiyr = hi + ARy ;49 (12.14)

12.1.3 Gridded Data Predictor

lonospheric and tropospheric delays can be modeled with functional and gridded parts. In case of a total or partial
representation of an atmospheric parameter as gridded data or after removing the functional part(s) from them, the
remaining gridded data probably show local/spatial correlations. In order to compensate these correlations a
simplified gridded-data predictor (Paeth 1991) can be applied in SSRZ.

Let 8x¢, 6x1, 0x5, 86x3, 6%y, 05, ..., Oxy —1 the series of Rice-decoded (gridded-data) values for Nps/chain POINtS

pts/chain
(per chain) received from an SSRZ Compressed Chain Block (ZDB103) including invalid values and f; the generated

parameter value at pointi = 0,1,2, ...,Npts/chain —1.

If the SSRZ Gridded-data Predictor Indicator is zero, these Rice-decoded values are identical to the gridded SSR data
for the corresponding grid points (i.e. f; = dx;).

If the predictor indicator is set, the corresponding SSRZ gridded atmospheric metadata provide three predictor point
indices a, b, ¢ for all chain points with indices larger than 2 that are required to decode the gridded data.

The predictive algorithm is iterative. That is the predicted value of point depends on the values of previously decoded
grid points (indexed with a, b, c). Table 12.1 shows the relation between the Rice-decoded values §x;, the predicted
value X;, the generated grid point value f; and the value x; that used in the prediction of a further point values for the
first four values i = iy, iy + 1,ip + 2,1y + 3, and the general description i = iy + n. The predictor algorithm starts
with the first valid value of the series indicated by the index i,.
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This first valid value is directly transmitted f; = &x; . The predicted value of the second and third point is the
generated value of the first one. A grid point has an invalid value f; if the Rice-decoded value is invalid (6x; = —0).
If the Rice-decoded value is invalid, the used value for further prediction is equal to the estimated one, and otherwise
equal the generated value

_ .'),C\i, if5xi =—-0
= {ﬁ-, if §x, # —0° (12.15)

Table 12.1 Gridded data predictor algorithm

Chain Point  Rice-decoded Predicted value %; Generated value f; Used value in the prediction of
Index i value 6x; a further point x;
iO dxio 0 8xl-0 X; = fl

ip+1 5x; Xi, % + 8x; if 8x; = —0 v = {fz. if 6x;=—0
! fi,if 6x; # —0

iO + 2 5xi xiO fi + Sxi if 6x,: *—0 X = {fi' 6xi =-0
t f;:, 5.X'i #* —0

iO +3 5xi xb=i0+1 + xC=i0 - xa=i0+2 fi + Sxi if 6x,: #* —0 X = {521:’ Lf 5'xi =-0
¢ fiif 6x; # =0

ip +n 5x; Xy + Xo — Xg %; + 8x; if §x; = —0 v = {fi; if 6x; =—0
¢ fiif 6x; # —0
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13 Applications

An SSR application may consider correction models e.g. for:

e coordinate frame transformation to account e.g. for tectonics (transformation from global to continental
frames)

e solid Earth tides

e ocean loading

e atmospheric pressure loading

e rotational deformation due to polar motion (e.g. polar tide)

o relativistic effects

e satellite phase wind-up

e satellite phase variations
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15 Appendix

The Model Parameters Blocks ZDB060 within different SSRZ Metadata Message Blocks will be replaced in the next
SSRZ Document version. In order interpret these model parameter blocks in the meantime, their values are listed in
the following tables. If necessary, the meaning of the data fields are mentioned as well.

Table 15.1 Model Parameter Block (ZDB060) in SSRZ Satellite-dependent Global lonosphere Corrections Metadata Message
Block ZMBO0O01.

Definition Number of Bits
Model ID ZDF110 8 Always 5.
Model Version ZDF111 8 Always 0.
Number of Integer Model ZDF112 8 Always 5.
Parameters
Integer Model Parameter ZDF114 32 Number of GSI coefficients Ngg;

Ngsi=(Mgs; + 1) - (Mggy + 2)/2.

Integer Model Parameter ZDF114 32 Always 2.

Integer Model Parameter ZDF114 32 Maximum order and degree of the GSI Mg;. It
represents the maximum order in North and East of a
full upper left triangle.This field be replaced by
ZDF135)

0: aoo
1: agp, apy, A1

2: @y, Ap1, A10, o2, 11, Ao

This field be replaced by ZDF135.

Integer Model Parameter ZDF114 32 Always 1.

Integer Model Parameter ZDF114 32 Always 60.

Number of Float Model ZDF113 8 Always 1.

Parameters

Float Model Parameters ZDF115 32 Height of ionospheric layer L in kilometers. Will be

replaced by ZDF140.

Table 15.2 Model Parameter Block (ZDB060) in SSRZ Gridded Troposphere Correction Metadata Message Block ZMB004

Name Definition Number of Bits Notes
Model ID ZDF110 8 Always 6.
Model Version ZDF111 8 Always 0.
Number of Integer Model ZDF112 8 Always 5.
Parameters
Integer Model Parameter ZDF114 32 Total number of corrections Ngrt per grid point.
Integer Model Parameter ZDF114 32 Always 2.
Integer Model Parameter ZDF114 32 Oor1.
Integer Model Parameter ZDF114 32 Always 0.
Integer Model Parameter ZDF114 32 Always 0.
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Number of Float Model ZDF113 8 Always 0.
Parameters

Table 15.3 Model Parameter Block (ZDB060) in SSRZ Regional Satellite-dependent lonosphere Correction Metadata Message
Block ZMB005.

Name Definition Number of Bits Notes

Model ID ZDF110 8 Always 8.

Model Version ZDF111 8 Always 0.

Number of Integer Model ZDF112 8 Always 3.

Parameters

Integer Model Parameter ZDF114 32 Total number of coefficients Ngg; indicating the
sequence of coefficients
1: aoo
3: ago, Ap1, A1
4: agg, Ap1, Aoy, A11
5: agg, Ao1, A10, Ao2, Aoz
6: ago, Ap1, A10, Aoz, A11, A20
This field will be replaced by ZDF145.

Integer Model Parameter ZDF114 32 Always 1.

Integer Model Parameter ZDF114 32 Always 60.

Number of Float Model ZDF113 8 Always 4.

Parameters

Float Model Parameters ZDF115 32 Height of ionospheric layer L in kilometers. Will be
replaced by ZDF147.

Float Model Parameters ZDF115 32 Latitude of the RSI Ground Point Origin in deg. This
field will be replaced by ZDF148.

Float Model Parameters ZDF115 32 Longitude of the RSI Ground Point Origin in deg. This
field will be replaced by ZDF149.

Float Model Parameters ZDF115 32 Height of the RSI Ground Point Origin in m. This field
will be replaced by ZDF150.

Table 15.4 Model Parameter Block (ZDB060) in SSRZ Global VTEC lonosphere Corrections Metadata Message Block ZMB006.

Name Definition Number of Bits Notes

Model ID ZDF110 8 Always 4.

Model Version ZDF111 8 Always 0.

Number of Integer Model ZDF112 8 Always 4.

Parameters

Integer Model Parameter ZDF114 32 Total number of corrections N ... (see notes in
ZMBO006).

Integer Model Parameter ZDF114 32 Number of ionospheric layers L. Will be replaced by
ZDF130. Always 1.

Integer Model Parameter ZDF114 32 Degree of Spherical Harmonics. Will be replaced by
ZDF132.
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Integer Model Parameter ZDF114 32 Order of Spherical Harmonics. Will be replaced by
ZDF132.

Number of Float Model ZDF113 8 Always 2.

Parameters

Float Model Parameters ZDF115 32 Always 0.0.

Float Model Parameters ZDF115 32 Height of ionospheric layer L in kilometers. Will be
replaced by ZDF131.

Table 15.5 Model Parameter Block (ZDB060) in SSRZ Regional Troposphere Correction Metadata Message Block ZMB007.

Definition Number of Bits
Model ID ZDF110 8 Always 2.
Model Version ZDF111 8 Always 0.
Number of Integer Model ZDF112 8 Always 10.
Parameters
Integer Model Parameter ZDF114 32 Total number of corrections Ny .
Integer Model Parameter ZDF114 32 Always 2.
Integer Model Parameter ZDF114 32 Mapping Improvement flag. Will be replaced be
ZDF171.

0: no mapping improvement

1: mapping improvement

Integer Model Parameter ZDF114 32 Number of Orders in Latitude Ny rr. Will be replaced
by ZDF165. Always 1 in this block.

Integer Model Parameter ZDF114 32 Number of Orders in Longitude N, grr. Will be
replace by ZDF166.

Integer Model Parameter ZDF114 32 Number Layers Lzr. Will be replace by ZTD167.

Integer Model Parameter ZDF114 32 Number of Mapping Improvements. Will be replaced
by ZDF171.

Integer Model Parameter ZDF114 32 Always 0.

Integer Model Parameter ZDF114 32 Always 0.

Integer Model Parameter ZDF114 32 Alwaysl.

Number of Float Model ZDF113 8 Always 8.

Parameters

Float Model Parameters ZDF115 32 Mapping improvement elevation. Will be replaced by
ZDF173.

Float Model Parameters ZDF115 32 Latitude of the RT Ground Point Origin in deg. This
field will be replaced by ZDF168.

Float Model Parameters ZDF115 32 Longitude of the RT Ground Point Origin in deg. This
field will be replaced by ZDF169.

Float Model Parameters ZDF115 32 Height of the RT Ground Point Origin in m. This field
will be replaced by ZDF170.

Float Model Parameters ZDF115 32 Arbitrary value

Float Model Parameters ZDF115 32 Arbitrary value
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Float Model Parameters

ZDF115 32 This field represents a coverage dependent factor Dy
in units of meters that is used to normalize the
arguments of the Chebyshev polynomials. Will be
replaced by ZDF174.

Float Model Parameters ZDF115 32 Arbitrary value
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