Geo++" White Paper
Nr. 2006.01

RTCM Message Type 59-FKP for transmission of FKP

Version 1.1
Gerhard Wiibbena, Andreas Bagge

Geo++" Gesellschafft fiir satellitengestiitzte geoddtische und
navigatorische Technologien mbH
D-30827 Garbsen, Germany
http://www.geopp.com

Garbsen, 2006-03-01

Introduction

For GNSS applications the RTK performance can be increased by using area correction parameters
(in German: Flachen-Korrektur-Parameter FKP) information from reference station networks. The
FKPs provide information about the distance dependent error components. For example, the Ger-
man AdV organization, responsible for the operation of the SAPOS reference station networks, in-
troduced FKPs as its standard technique to provide network information to any RTK rover.

For the use within SAPOS the AdV has defined and published linear FKPs and the corresponding
algorithm. The parameters given in the RTCM message 59-FKP described in this document are con-
forming to that definition, which is also summarized in chapter 2.1.

Chapter 2.2 describes the format of these FKPs in a special RTCM type 59 message.
Definitions

FKP

For the representation of the position dependent errors a linear area polynomial is used. It refers to a
surface which is defined to be parallel to the WGS-84 ellipsoid in the height of the reference station.

The coordinates (@,A) referring to this surface for phase observations of a mobile rover are then used
to derive the distance dependent errors with

oo =06.37 (No(@P-Pr) + Eo (A-Ar) cos(Pr) )
O =6.37 H (N;(¢-@r) + E; (A-Ar) cos(¢r) )

with:
Ny the FKP in north-south (Ny) direction for the geometric (ionosphere free) signal in
[ppm]
Ey the FKP in east-west (Eo) direction for the geometric (ionosphere free) signal in
[ppm]
N; the FKP in north-south (N;) direction for the ionospheric signal (influence on the

"narrow lane") in [ppm]
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E; the FKP in east-west (E;) direction for the ionospheric signal (influence on the "nar-
row lane") in [ppm]

®r, Az the geographic coordinates of the reference station in WGS84 datum in [rad]

H H=1+16(0.53-E/m’

E the elevation angle of the satellite in [rad]
oy the distance dependent error for the geometric (ionosphere free) signal [m]
o the distance dependent error for the ionospheric ("narrow lane") signal [m].

For GLONASS the same reference frequency (GPS “narrow lane”) is used as for GPS.
The distance dependent errors for the L1 and L2 signals can be computed in [m] from

&"1 = &0 + (]20/]54) 5"[,
&"2 = &'o + (]54/]20) 5"1.

with:
o distance dependent error for L1
o distance dependent error for L2

From a pseudo range R of a mobile rover derived from a carrier phase measurement a preudo range
Ry corrected for position dependent errors can be computed with

Rk:R-é".

RTCM

Since current RTCM version 2.3 does not support information from networked reference stations,
the FKPs must be transmitted through the message type 59.

The representation of the parameters in message type defined herein corresponds to the RTCM con-
ventions. I.e. the bit sequence of the parameters is always "MSB first" and the representation of neg-
ative values is in the so called "2's complement".

Message Structure

Table 1 shows the structure of the message. The first two words of any RTCM messages are not de-
scribed here. They can be taken from the RTCM documentation. Table 2 summarizes the content of
the message.

The following parameters are transmitted in the type 59-FKP message.

Institution ID

In order to achieve a unique differentiation of different, manufacturer dependent type 59 messages,
a constant institution ID in form of the character string ,AdV' is transmitted in the 3™ word.
SUB-ID

In order to keep the possibility to define further messages with the same institution ID, a Sub-ID is
transmitted. For the linear FKPs of GPS satellites the Sub-ID 5 is used. For the linear FKPs of
GLONASS satellites the Sub-ID 6 is used.
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Data set number

The data set number identifies the FKP parameter set. This number (n) is consecutively incremented
for each new data set and transmitted as "n modulo 4" (n%4).

SAT ID

The satellites are not identified by their PRN number as generally usual in RTCM, but by a corres-
ponding bit in the SAT ID (satellite identification) word. The SAT ID is an integer value with a
length of 4 bytes ("32 bit unsigned long"). For the satellite with the PRN number (p) the bit (p-1) is
set, with bit 0 as the LSB, bit 31 as the MSB.

This type of representation is possible for GPS, since GPS can handle no more than 32 PRNs. Op-
posite to the usual representation with 5 bits per satellite this method is more economical for 7 or
more satellites.

If FKP for more than 12 satellites have to be transmitted, further FKPs can be send in a second mes-
sage with the same Z-count and the same data set number.

FKP data block per satellite

After the satellite identification the FKP data blocks per satellite are following. The FKP data
blocks are ordered with increasing PRN number, i.e. satellite with the lowest PRN first. FKP data
blocks are transmitted only for those satellites, whose bits are set in the satellite identification.
There are no gaps between the blocks for the individual satellites.

IOD

The parameter /0D corresponds to its definition in the type 1 message (IODE). The FKPs depend
on the broadcast orbit used for the calculation. At the rover the FKP must be processed consistently,
i.e. using the same "broadcast data" that was used during the creation of the FKP.

SLO, SLI

Two different scales and ranges are provided. The scale bits SL0,SLI are used to identify scale and
range. They allow a different handling of the non-dispersive and the dispersive FKPs. SLO is the
scale parameter for the non-dispersive part (L0O), SLI for the dispersive part (LI).

With the standard scale (scale bits set to 0) a resolution of 1 mm / 100 km is achieved. Under ex-
treme conditions (scale bits set to 1) the resolution is reduced to 4 mm / 100 km. Thus, the corres-
ponding maximum error is +/- 2 mm at a distance of 100 km from the reference station.

For the very unlikely case of even higher values, the corresponding satellites have to be deleted
from the FKP message.

FKPs NO, NI, EO, El

The parameters N0, NI are the north-south components of the FKPs for the non-dispersive and for
the dispersive part rsp., the parameters £0,EI are the corresponding FKPs for the east-west compon-
ents.
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Reserve

All reserve bits must always be set to 0.
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Table 1. Message type 59-FKP - FKP network parameters

1 2 3 4 5 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

HEADERH1 HEADER2 HEADER3 PARITY  Jword3

1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

SUB-ID R |IDS SATELLITE ID PARITY ord 4
# (UPPER PART)
jvs

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

SATELLITE ID IOD PARITY IWord 5
(LOWER PART)
LSH

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

IRESERVE NO NI PARITY  Jword6,13,20,27
L IL (Part 1)
ofl YvsB LSBMSB

1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

NI EO El PARITY  word7,14,21,28

rPart 2)
LSBMSB LSBMSB LSBY

Table 1 continued on next page...
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Table 1. Message type 59-FKP - FKP network parameters (continued)

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

IOD RESERVE [S NO PARITY  JwordS8, 15,22, 29
L L
0f ! jvsB LSB

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

NI EO El PARITY  Jword9,16,23,30
Part 1)
JVSB LSBMSB LSBMSB

1 2 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

El IOD RESERVE |S NO PARITY  Jword 10,17, 24, 31
(PART 2) LILkrP1
LSH 0§l jvsB

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

NO NI EO PARITY  word 11,18,25,32
(Part 2) Part 1)
LSBIVSB LSBVSB

1 2 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

EO El 10D PARITY  Jword 12,19,26,33
I(Part 2)

L SBJMSB LS5
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Table 2. Contents of a type 59-FKP message

SCALE
NO. OF [FACTOR AND
PARAMETER BITS UNITS RANGE
institution ID 1 8 -- 'A' 0x41
institution ID 2 8 -- 'd' 0x64
institution ID 3 8 -- V' 0x56
SUB-ID 5 1 5-6, 0x05 for GPS, 0x06 for GLONASS
Reserve 1 -- 0
DATA SET NR 2 1 0-3
derived from the counter n, which is incremen-
ted for each new set of FKP parameters: DATA
SET NR = (n%4)
SAT-ID 32 -- 0-31
bits are set for each satellite with FKP,
bit O represents the satellite with PRN 1,
bit 1 the satellite PRN 2, and so on
10D 8 1 0-255 (according to message type 1)
Reserve 4 1 0
SLO 1 -- 0: SL0=0.01 ppm, 1: SLO =0.04 ppm
SLI 1 -- 0: SLI=0.01 ppm, 1: SLI =0.04 ppm
NO 10 SLO (0.01 or |+/-5.11 or +/- 20.47
0.04) ppm
NI 11 SLI(0.01 or [+/- 10.23 or +/- 40.95
0.04) ppm
EO 10 SLO (0.01 or |+/-5.11 or +/- 20.47
0.04) ppm
EI 11 SLO (0.01 or |+/- 10.23 or +/- 40.95
0.04) ppm
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