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1. Introductory Staement

Thisdocumentdescribesthe BINRproprietary binarydata exchange protocol fahe NVO8Creceivers
series Designation of thelzd Spdd@rieersas well as satelliteand navigation informatiotin the BINR
protocol is providedin accordancewith the designation of thee parameters inthe GPS and GLONASS
ICDs

1.1 Date and Time

For all messages (unless otherwistated) time is represented as UTiDcludingthe time zone shift
entered in the23h message. Timé represented asthe number of seconds or milliseconds from the
beginning ofa week (determined by the data format used in the message). The &gttio Sunday
night, 0000 hour shall be deemeas the beginning ad week.

The date alsaakes into accountthe time zoneand is representedas week numberstarting from
22.08.1999modulo 1024(the 1024" week would be represented as 0, the 102%s the ', etc.). A
negative week numbeindicates ttat the date is undefined

Thetime zoneand coordinate systermparametersfor each protocol and pordre controlledindividually.

1.2 Coordinate System

Data format of heuselQd O 2 2 WFBINR ImésSages is definedagoordinate system selectdsy

the use. The altitudetype (above the geoiar ellipsoid)is alsodetermined by theuser. Given this, the
latitude and longitudeare expressed in radians and the altitudeexpressed in meses. The northern
latitude and the eastern longitudare expressed by pgitive numbers and the southern latde and the
western longtude ¢ by negative numbers.

The Gaus&rueger rectangular projection employee Sk42 Pulkovo 42)coordinate system The
coordinates are transmitted as follows:

Instead of the latitude ¢ Coordnate X in metes,

Instead of the longitude ¢ Coordinate Y incesed by 500000 expressed in mes and
the Timezoneindicatormultiplied by 1000000.

For example, i€oordinateshave been received:

Latitude of 5452812.5,
Longitude of 06417532,

Then it means that:

TimeZoneindicator isO6

X = 5452812 .Fetres

Y = 417534-:500000=82465.8metres
The se of rectangular spatial coordinates maydwdectedin the protocol operating mode. In this case,
coordinates are transmitted in meds fromthe centerof the Earth:

Instead of the latitude ¢ Coordinate X,

Instead of the longitude ¢ Coordinate Y,

Instead of height ¢ Coordinate Z.

Speed projections are also transmitted in rectangular spatial coordinates.

CONFIDENTIAL. The information contained in this document is the exclusiggypdNAVIS IN@GNndNVS Technobies AGand shall not be
disclosed, distributed or copied in full or in part without a written authorization of NAVISHNY.S Technobies AG.



BINRInterface Protocol Specificatiover. 1.3 ENGAugust 2012 Page7o0f91

1.3 Default Settings

After powering up of tk receier module, the following settings take effect for the BINR protocol

Coordinate System WGS84

Time UTC

Coordinates Geodesic

Height Aboe sea level (geoid)

Theabovementionedsettings are individual for each port, i.e., they affect BI&IR mesageformat for
that port which was used for settings control.

The altered settings are not savedhen module is switched off, i.egfter each device power othe
BINR protocol always uses the settings given in the abefault settinggable.
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2. Data Transission Line

A bidirectional R232C serial interface (COMport) is usedfor data transmission.Null-modem
communication connectiors used, i.e., oly three lines are usedeceve (RX), transni(TX) andyround
(GND).

The following COMport settings araequired for operation:

- 1start bit

- 8 data bits

- 1 stop bit

- Odd parity check
- No Flow control

Transmission rate may Iselectedby theuserwithin the range of 4800 to 23@00 bits per scond.
Notes:

1. The settings of the rec@vmoduleQ &  Lfd2 d\sPediic protocol type andnterfacebit rate depend
on the state othe configurationGPI@ and arespecifiedn the modul€ data sheet. NVO8C modules
have the following default settings (whehe configuration GPI®are not connected or pulled to
G ANR)zy RE

COM1 (UART AINMEA protocolpaud rateg¢ 115,200 baud;
COM2 (UART BBINR protocobaud ratec 115,200 baud;

2. The port default settings may be altered by the user and will automatically be saBadkop RAM
The settingsonfiguredby the user hava higher priority than GPIO state. l.e.thié Backup RAM
has user settings that are differetitan the settings determined by the state of GPIO, upon pinge
up, the ports will be set according tostBRAM2 & O2y TA I dzNI GA2Y
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3. Format of Messages

3.1 BINR Messge Structure

BINR messages hathee following structure:
<DLE> <ID> [data] <DLE> <CRC: <C$] <DLE> <ETX>
| | | 1 | 1 | 1 |

1 2 3 4 5 6 7 8
Where:
S Field Purpose
1 <DLE> | 1 byte,indicatesthe beginning of theservice code (code 10 h or 00010000b)
2 <ID> 1 byte,message identifier; it may have any valug <DLE>, <ETX> and <CRC>
3 [data] Optional part containing transmitted data
4 <CRC> | 1 hyte,indicatesbeginning otthecksum field(code FFh or 11111111b)
5 <C$ 2 bytes, message check sum
6 <ETX> | 1 byte,end-of-messagéndicator(code 03h or 00000011b)

If it is required to transmit a byte with a value of 10h (<DLE>) in the data field, tiagih lie repeated
twice. All incoming double <DLE> symbulghin data field must be compresseéudito single <DLEbyte
before data decoding

The <DLE><CRCEH OKSO1 &adzy FASEtR A& LINBaSyid Admodelisbw Y

on (seeMessageB2hc¢ Request for/Setting of BINR ddwcol Operation Modg If the check sum value
contains the 10h (<DLE>) code, thewiit be transmittedonly once.

Notes: By defauladding ofcheck sunfor BINR messages@®-F
Examples of messages without a check sum:
10 21 01 10 03

[
DLE ID data DLE ETX

10 60 0B 09 3E 4E 12 3F 11 39 60 3F 10 03

[
DLE ID data DLE ETX

Examples of messages with a check sum:
10 21 01 10 FF F6 25 10 03

[ |
DLE ID data DLE CRC CS DLE ETX

10 60 0B 09 F9 41 12 3F 58 80 5A 3F 10 H 47 B3 10 03
|

DLE ID data DLE CRC CS DLE ETX

3.2 Data Types Used

BINR messages contain integer types of data as well as flgatingtypes of data (se&ablel).
The brmats ofthe floating pointdata types comply with the ANSI/IEE&andardr54.

Integerdata typesare represented iromplementarycode.
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For data consisting of severalytes the lower bytesare transmitted first. ie lower bis within a byte
are also transmitted fst.

Tablel. Formats of data types used.

Type Size, bit Range of values
INTSU 8 0to 255
INT8S 8 -128to 27
INT16U 16 0to 65,535
INT16S 16 -32,768t0 32,767
INT32U 32 0to 4,294967,295
INT32S 32 2,147483648t0 2,147,483647
FP32 32 3.400% to 3.440°®
FP64 64 1.700°%t0 1.7000°*
FP80 80 3.400*to 3.4Q0"%

Note 1¢ Tables with bito-bit structures ofloating pointdata typesare given irAppendixA.

Note 2¢ Entry of INT8W] in the BINR message data figlgigmnds for an array consisting of Nmlents
each of which haan INT8U data type.
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4. DataTransmssion Check

4.1 Conditionsfor Procesing Received Message

Each nessageis processed in compliance witlhe messagestructure cescripion L ¥ G KS & OK S
mode is Onanadditional checloftheY S & & I 3 S Q aQntRdrity is pefoimBd bl &ay of compiag

the calculated check sum and a received check surnthdrtase ofa checksum mismatch, the resage
mustnot beused.

Aswell, a messageustcontain data that desnot go beyond acceptable limits (if sulamits havebeen
determinedin the message descriptidior this data field). If data ggsbeyond the acceptable limits, it
may mean abnormalmeration of thereceivermodue.

4.2 Check Sum Calculation Algorithm

The gclical redundancy chedlnction is used to validat the integrity of theY' S & a ldat&fi@ld The
BINR protocol uses one of the best knovate seed; CCITALE:

xX+x2 w° %
A check sum (C8)calculated for albf the bytesin a messagestartingfrom the message identifier <ID>

down to the last byte before the service symbols of <DLE><@iRCrling repeated <DLE> in thata
fields.

Appendix A showsrmaexampleof a Glanguageprogramfor a table algorithm, as well as grogramfor
calculating a code table for this method based onbit-by-bit algorithm This examplean be usedo
better understandhe used redundancgheck method
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5. Description of Protocol Functioning

5.1 TimeSequence Diagram

Navigation data transmitted by the receiver moduteBINR messagés associated with the Nawtion

rate (16 10Hz). The latitude and longitude values contained in the message N and comegptmthe

time stamp N, depending on the message type, represent either coordinates received at the previous
time interval or coordinates extrapolated to thggven time intervalVelocity canponentvalues are not
extrapolated. Extrapolation algorithm description is providedppendixA.

In the case of absence of transmission of kpgiority messages, theeaction time to control mssages
will not exceed 100 millisecond$he user shall not send the same query without having received a
responserom the receiver module.

Output of messages associated with the Navigation rate starts within 20 millisecondastfadtend of
the corresponding time interval. For clarification of the abowentioned, Figurel shows a protocol
time sequence diagram.

Note: The messageoutput delay depends on the software version andaynbe differentfrom 20
milliseconds.

N-1 N N+1
d Mm |-
a M tmée
mark -‘ -‘ -‘
Module inpu e M IS
data r
' —>
Module
output data TI DataN DataN+1
 JKHB
Controlmessage
Response
message

Figurel. BIRN potocol time sequence diagram

Messageswhose output rate is associated withe navigation rate, have a higher output prity. These
messages are transmitted first and in the same sequence as they were requibhsierdther messages
are transmitted in the same manner.

The ength of a message is limited to 1 KB. The overall lengdti sthnsmitted messages is limited to 3

KB. If the overall length of output messages exceeds 3 KB, then the nesages will be omitted. In

this casethe messages whose output rate is associated with navigation rate will not be transmitted and
the remaining messages will be transmitted wheven possible. Thus in cases of transmission line
overload due to too many message requests, priority will be given to messages containing navigation
data with a rate enabled by the line throughput capability. The overall number of output messages is
limited to 20.

Note: The message size as well as the overall size of messages and number of messafjpedchly d
the software version and may differ from the abewentioned.

If a message has been requested by different query messages, then the resultdaeiebained by the
last query message. For example, in the case of periodic message outputtimerrequest will cacel
the periodic output.

CONFIDENTIAL. The information contained in this document is the exclusiggypdNAVIS IN@GNndNVS Technobies AGand shall not be
disclosed, distributed or copied in full or in part without a written authorization of NAVISHNY.S Technobies AG.



BINRInterface Protocol Specificatiover. 1.3 ENGAugust 2012 Page130f91

5.2 Port Operation ModeChanging

Changin@f the current port settings (protocol type and/or line baud rate) willlbade after theoutput

of a responsenessage (confirmation messageith the new port sétings. The response message is not
a high priority and will be delivered onstandard BINR message queugsis. The response message as
well as all messages generatadthe sametime will be transmittedwith the current port settings. The
adual changingdf the port settings will occur upon thend of the 100-millisecondinternaltime interval,
once theoutput of these messages is comfde
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6. Description of Types of Mesgles

6.1 Classification of Mesages

BINRmessages are divided into control messaf§gserie3, which aretransmitted to thereceiver
module by theuserand regonse messageshichare thentransmittedto the userfrom the receiver
module.

The entirelist of the BINRnessagess represented inTable2, Table3 and Table4.

Table2. The list ofmain request and response messages

Query/ ltem
Response | Direction NoO Brief Description
Message
01h/ ¢ — 6.2.1 | Messaged1lh¢ Reboot
0Bh/ 50h -« 6.2.2 | MessageDBh¢ Requesfor/Setting of a Port Status
-« 6.3.10 | Messages0h ¢ Query of theCurent Port Status
obh/ 51h — 6.2.3 | MessagedDhc¢ Setting ofReceivelOperating Parameters
- 6.3.11 | Messageb1h¢ Query of theReceivelOperating Rrameters
OEN/ ¢ — 6.2.4 | MessagdEhg Cancebition of all Transmission Requests
MessagdFh¢ Settingof Reference Coordinates for the Fix€
— 6.2.5 . .
Coordinates Operating Mode
OFh/ 55h : :
Message 55it Query of theStatus of Operating Mode wit
S 6.3.14 . .
Averaged andrixed Coordinates
6.2.6 | Messagellhg Test Results Request
11h/ 43h =
-« 6.3.4 | Message 43lg Test Rsults
1oh/ 47h —> 6.2.7 | Messagel2h ¢ EnablingDisabling ofSaellite Used
-« 6.3.6 | Messagel7h ¢ EnablingDisablingof SatelliteUsed
13h/ 41h —> 6.2.8 | Messagel3h¢ Request for Course Angle and Actual Speed
- 6.3.2 | Messagetlh ¢ Course AnglandActual Speed
Messagel7h¢ RequestSetting of Current Status of the R
— 6.2.9 .
17h/ 42h ceiverChanels
- 6.3.3 | Messaget2h ¢ Current Status of Receiver Cimels
19h/ 49h —> 6.2.10 | Messagel9h ¢ Request forloadingof SVEphemeris
-« 6.3.7 | Messaget9h¢ SatelliteEphemeris
— 6.2.11 | MessagelBhg Request for Software Version
1Bh/ 70h :
- 6.3.18 | MessagerOh ¢ Software Version
MessagelDhg Setting of Operating Modesr Coordinates and
— 6.2.12 )
1Dh/ 73h Delay in the Atenna Cable
- 6.3.27 | Messagéer3h¢ Time Synchronization Opeiag Mode
1Eh/ 74h —> 6.2.13 | MessagelEhg Requestfor Time ScaleParameters
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Query/ ltem
Response | Direction NoO Brief Description
Message
-« 6.3.21 | Message 74lq Time Scal®arameters
1Fh/ 72h — 6.2.14 | MessagelFhg Requestor Time andRequency Parameters
-« 6.3.19 | Messager2h¢ Time and Frequency Paranees
20/ 40h — 6.2.15 | Message20h ¢ Request for/Loading of an Alnac
-« 6.3.1 | MessagetOh¢ Almanador the Specified Satellite
— 6.2.16 Message21h¢ Request for the Numbeof SatellitesUsedand
21h/ 60h bopP
-« 6.3.16 | Messages0h ¢ Number of Satellite¥)sedandDOP
93h/ 46h — 6.2.17 | Message23h ¢ Requestor/ Setting of theTime Zone
S 6.3.5 | Messaget6h¢ Time, Date, Time Zone
— 6.2.18 | Message24h ¢ Request for Visible Satellites
24h/ 52h — .
-« 6.3.12 | Messages2h ¢ VisibleSaellites
— 6.2.19 | Message26h ¢ Communiation Check
26h/ 54h -
-« 6.3.13 | Messages4h ¢ Response to Communication Check
— 6.2.20 | Message27h¢ Request folPVTVector
27h/ 88h*
-« 6.3.23 | Message38h¢ PVT ector
—> 6.2.21 | Message2Ah¢ Request for lonosphere Paraters
2Ah/ 4Ah
- 6.3.8 | MessagetAh¢ lonosphere Parameters
Message?Bh¢ Request for GPS, GLONASS andTum€Scales
— 6.2.22
2Bh/ 4Bh Paraneters
S 6.3.9 | MessagedBhg GPS, GLONBS&Nnd UTC Time Scales Parame
— Message31h¢ Request for the DOP an@MSfor calculated
6.2.23
31h/ 61h* PVT
- 6.3.17 | Messages1h¢ DOP andRMSfor calculated PVT
— 6.224 MessageSSh_c Request for Information about Used and
35h/ 93h BlockedSatellites
S 6.3.24 | Message93h¢ Information about Use@nd Blocked Saliges
30n/ 87h* —> 6.2.25 | Message39h ¢ Request for Information ondeeiver Channels
S 6.3.22 | Message87h¢ Information on Receiver Channels
—> 6.2.26 | Messag 5Ch¢ Request for Atmospheric Couat@ns
5Ch/ 5Dh . .
- 6.3.15 | MessagebDh¢ Atmospheric Corrections
Aoh/ Ath —_ 6.2.27 | MessageAOh¢ Request for Results @roup lay Calibration
-« 6.3.25 | MessageAlh¢ UsedGroup Delaylable
A2h/ A3h — 6298 MessageA2h¢ Request for/Installation of Cooimhte System
Parameters

CONFIDENTIAL. The information contained in this document is the exclusiggypdNAVIS IN@GNndNVS Technobies AGand shall not be
disclosed, distributed or copied in full or in part without a written authorization of NAVISINNY.S Technogies AG.



BINRInterface Protocol Specificatiover. 1.3 ENGAugust 2012 Pagel160f91

Query/ ltem
Response | Direction NoO Brief Description
Message
-« 6.3.26 | MessageA3hc¢ User Coordinate System
- 6.2.299 MessageB2h¢ Request for/Setting of BINRd®ocol Operation
B2h/ C2h Mode
S 6.3.27 | MessageC2h¢ BINR Protocol Status Word
57h/ E7h — 6.2.30 | MessageD7h¢ Setting of Additional Operating Parameters
- 6.3.28 | MessageE7h¢ AdditionalOperatingParameters
DBH EBH — 6.2.31 | MessageDBh¢ Request for GLONASS Time Scale Parametg
-« 6.3.29 | MessageEBh¢ GLONASS Time Scale Parameters

Noi SY ¢ KS & méssages ®itfi ouxplit Niesiassaed with Navigation rate

The list of messas used by the receivdor request for/delivery of primary navigation (raw data)
parametersis represented ifTable3.

Table3. The list of messages used with raw data mode

Message Direction |ltem Ng Brief Description
F4h — 6.4.1 | Message F4h Request foRaw Data Output
F5h — 6.4.2 | Messagd-5h¢ Raw Data
F6h «— 6.4.3 g/l4e§syasg3§;6hc Geocentric Coordinates of an Antenna in W(
F7h -« 6.4.4 | Messagd-7h¢ Extended Ephemeriof Satellites

The list of messages used by the receineAssisted Mde is represented iiables.

Table4. The list of messages used in Assisted Mode

Message Direction|ltem Ng Brief Description
6Fh -« 6.5.1 | MessagesFh¢ Request for Assisteldata
62h —> 6.5.2 | Message2h ¢ Ephemeris
63h — 6.5.3 | Messageés3h¢ Almanac
64h —> 6.5.4 | Messageb4h ¢ lonosphereParameters
65h —> 6.5.5 | Message5h¢ TimeScales?arameters
69h —> 6.5.6 | Message9h ¢ DifferentialCorrections
6Ah —> 6.5.7 | MessagebAh ¢ Referencd.ocation
6Bh —> 6.5.8 | MessageBh¢ Referencelime

6.2 Control Messages

6.2.1 Messagedlh¢ Reboot

This message requests a forced reboot of the device and erases all of the saved navigation and user dat
in accordance with value of parameter Nb Message data content is permandaeeTable5). The size
of message i6 bytes.

CONFIDENTIAL. The information contained in this document is the exclusiggypdNAVIS IN@GNndNVS Technobies AGand shall not be
disclosed, distributed or copied in full or in part without a written authorization of NAVISINNY.S Technogies AG.



BINRInterface Protocol Specificatiover. 1.3 ENGAugust 2012 Pagel70f91

Table5. Thestructureof 01h messagdata fields

Parzn;eter Oﬁz;:;ing, Type Parameter Desription Value
1 0 INT8U | Constant 00h
2 1 INT8U | Constant 01lh
3 2 INT8U | Constant 21h
4 3 INT8U | Constant 01lh
5 4 INT8U | Constant 00h
6 5 INT8U | Reboot Type 00h¢ W?th erasing.
01hg without erasing
Examples:

Reboot without erasingf the saved systemdat | YR dzASNJ aSiGAy3a 6daz2 I NYE
10 01 00 01 21 01 OO 01 10 o083
| | | | | | | |

| |
DLE ID 1 2 3 4 5 6 DLE ETX

Rebootwitherasing f f &1 SR LI N YSGSNE o6da/ 2t Ré {GFNILOY
10 01 00 01 21 01 OO OO 10 o083
| | | | | | | | | |
DLE D 1 2 3 4 5 6 DLE ETX
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6.2.2 MessageDBh¢ Requesfor/Setting of a Port Status

The message requests or sets the exchange rate and the type of protocol used. Switching of a protocol
and/or exchange speed is made after the delivery of response me&&peith the new port settings

to the user(Messages0h ¢ Query of theCurent Port Status

In the case ofa port statusrequest the message contains the port number only. The message shall not

contain data in case of@urrent port statusequests
Message structurés shown inTable6. Message data size0, 1 or 6 bytes.
Table6. Sructure of 0Bh messageata fields

Parameter | Offsetting, Type Paramgter Values
No byte Descrption
1 0 INT8U | Port No 0- Current Port
1- Port Nol (UART A)
2- Port No2 (UART B)
2 1 INT32U | Exchange Speed | 4@00to 230400 baud
3 5 INT8U | Protocol Type 0- Current Protocol
1- No protocol on this port
2 - NMEA Protoal
3- RTCM Protocol
4 - BINR Protocol
5- BINR2 Protocol
Examples:

Request fooperationparameters of thecurrent port

10 OB 10 03
DLE ID DLE ETX

Request dr operationparameters oPort No1l:

10 OB 01 10 03

DLE ID 1 DLE ETX

Switching otturrent port to BINRoperating modg115200 baud):
10 OB 00 00 C2 01 00 04 10 03

DLE D 1 2 3 DLElETxl
Switching of Port No tb 4,800 baudrate (NMEA protocol):

10 OB 01 Co 12 00 OO 02 10 03
| |
DLE ID 1 2 3 DLE ETX
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6.2.3 MessagedDh¢ Setting of ReceiverOperating Parameters
Thismessage requests and sets the following operating parameters of the eeceiv

- The coordinate systemsed

- The satellite navigation systems used

- ThePVTSettings

In the case of a request, the message containsaia.d he setting is performed in compliance with the
type of data specified in the first parameter. One sent message provides the settings of corresponding

parameters for one type of data. The response message is meSdhgdlessageslhc Query of the
ReceivelOperating Brameterg. The parameters are describedTiable?.

Message data sizg0 to 5 bytes.
Table7. Structure ofODh messagdata fields

Parameter | Offsetting, _
NoO byte Type Parameter Description Values
1 0 INT8U | Data Type 1-4
Data Type =1
Coordinate System Setting
2 1 INT8U | Coordinate System SeeTable8
Data Type = 2
Selectiorof Satellite Navigation Systén) for operation
2 1 INT8U | Operational Satellite| 0 ¢ GPS, GLONASS
Navigation Sgtem(s) 1¢GPS
2 ¢ GLONASS
3¢ GALILEO
10¢ GPS, GLONASS, SBAS
11¢ GPS, SBAS
12¢ GLONASSB&S
Data Type =3
PVTSetting
2 1 INT8U | The value of a minimun 0- 90
satellite  elevation mask
starting from which searck
and tracking will b provided
(in degrees)
3 2 INT8U | The minimum Signdb-Noise| 0+ 39
Ratio for use in navagion
4 3 INT16U| The maximum value of theoot mean square error at whic
the navigation task shalldbdeemed valid (®tres). Thezero
value of this paraneter leaves thecurrently used RM§
parameter value nchanged.
Data Type =4
Solution Filtering Parameter Setting
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Parameter | Offsetting,
No byte

2 1 P32 | Coordinateg-iltration Fator | O ¢ Filtration is off
10 ¢ Maximum value

Type Parameter Description Values

Table8. The coordinate systemssed

Code Coordinate System Reference Ellipsoid
00 WGS84 WGS84
01 PZ90 PZ90
02 Pulkovo 42oordinate Syster(Gk42) Krassovsky
03 Pulkovo 9%Coordinate Syster(EK95) Krassovsky
04 PZ£90.02 PZ£90.02
F9h User coordinate system No 1
FAh User coordinate system No 2
FBh User coordinate system No 3
FCh User coordinate system No 4
FDh User coordinate system No 5
FEh Gauss KrugdrRectangular Projection on SR Krassovsky

Examples:

Switching to PB0 coordinate system:

10 OD 01 01 10 03
DLE D 1 2 DLE ETX

Switching to GLONA®SIly operating mode:

10 OD 02 02 10 03
DLE D 1 2 DLE ETX

Setting ofa minimum elevation angle at 5 degrees, minim8MRevel¢ at 30 B-Hz the minimumRMS
error for coordinatesat 200 m:

10 OD 03 05 lE C8 00 10 03
DLE D 1 2 3 4 DLE ETX

Setting of ecoordinatedfiltration factorat 2:

10 OD 04 00 00 OO0 40 10 03
|

DLE D 1 2 DLE ETX
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6.2.4 MessageDEh¢ Cancelition of all Transmission Requests
Thismessage clears the list ofitput messages. It contains no data.
Example:

Cancellation of all transmission requests:

10 OE 10 03
DLE ID DLE ETX

6.2.5 MessageOFh¢ Settingof Reference Coordinates for the Fix&tbordinates Operating
Mode

This messagis used for setting afeferenceantennacoordinates forfixed coordinate®perating mode
of device(seeTable9). Thesize of these messages is 25 bytes. The response messagsaged®h
(Message 55lq Query of theStatus of Operating Mode with Averaged gnd

Table9. Structure ofOFh messagdata fields

Parameter | Offsetting, Tvpe Parameter Value
No byte yp Description
1 0 INT8U | Data Type 3! ¢ Setting of coordinates for fixed
coordinates operating mode
2 1 FP64 | Latitude, rad.
3 9 FPe&l Longitude,
rad.
4 17 FP64 | Height, m.
! ¢ The value of a parameter differing from 3 is reserved for future use.

Example:
Settingof reference coordinates for the fixetbordinates operating mode:

Latitude = 3€25.0000' (0.530870980814942 radian®)nditude = 6650.0000'E (1.061741961629884
radians), altitude = 180.600m.

10 OF 03 M. DC 9F 23 E5 FC BD 3F 1C DC 9F 23 E5 FC FO 3F
| |
DLE ID 1 2 3

33 33 33 33 33 93 66 40 10 03
| | | |
4 DLE ETX
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6.2.6 Messagellhc Test Results Request

This messagg(supprted starting from FW version 02.0quess internal testresults (se€lablel0).
The response messagedidh (Message 43lq Test Rsults) with results of internal tests.

Tablel0. Structure ofl1h messageata fields

Parameter | Offsetting, -
No byte Type Description Value
1 0 INT8U | Internal Test O¢requestresponse a test
results
Example:

Request for test results:

10 11 00 10 03
DLE ID 1 DLE ETX

|

6.2.7 Messagel2hc EnablingDisabling ofSdellite Used

This message requestgnablesor disableghe useof specificsatellitefor navigation Theresponsemes-
sage igt7h(Messaged7h ¢ EnablingDisablingpf SatelliteUsed).

Inthe case of a request, the message contains no datthe case ofenabling/disabling ofatellite us-
ing, the size of data is 3 bytes (s€ablell).

Tablell. Structure ofl2h messageata fields

Parirgeter Oﬁsitemg, Type Description Values

1 0 INT8U | Satellite system 1¢GPS

2 ¢ GLONASS
2 1 INT8U |Satellite Number 1- 32 for GPS

1. 24 for GLONASS
3 2 INT8U | Use 1cenable

2 ¢ disable

Examples:

Requesbf information about usedatellites:

10 12 10 03

DLE ID DLE ETX
Disabling of using for navigati@nGPS satellite witARNLO (OAh):

10 12 01 OA 02 10 03
DLE D 1 2 3 DLE ETX
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6.2.8 Messagel3h¢ Request for Course Angle and Actual Speed

This messageequests or disablethe output of a message with coursengle and actual speedalues
The message contains 1 byte of data (Jedlel?). In the case of a request for or cancellation of
message responsedlh message isent(Messagellh ¢ Course AnglandActual Speel Inthe case of
aonetime delivery requestthe message contains no data.

Tablel2. Structureof 13h messagdata fields

Parameter | Offsetting, o
NoO byte Type Description Values
1 0 INT8U | Disabling of messag O
output
Ouput rate in naigation| 1- 255
rate intervals
Examples:

Request for ongime response message wittourse angle and actual speed values:

10 13 10 03
DLE ID DLE ETX

Setting of periodioutput for 41h messagence every 5 secondg (avigationrate is 1Hz):

10 13 05 10 03
DLE ID 1 DLE ETX
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6.2.9 Messagel7h¢ RequestSettingof Current Status of the Receiv€&hainels

The 17hmessage requestihe messaget2h (Messaget2h ¢ Current Status of Receiver Cimels with
information on all the receiver channeland may also forcedly mak& specificchannelto track a
specificsatellite. In this case, the channelfsscedinto the manual mode. The channel will stay in this

mode untl it is switched tahe automatic mode or untithe receiwer is regarted.

If wrong parameters are set, the channel will be switched off!

In the case of a request, a message contains no datshdrcase ofparameterssetting the message
structureis shownin Tablel3. The size of message is altered depending on presence of paraeter
andif it equals 4 or 8 bytes.

Tablel3. Structure ofL7h messageéata fields

Parilr(r)leter Oﬁgjigng, Type Description Values
1 0 INT8U | Channel Number 0-31*
2 1 INT8U | Satellite system 1- GPS
2- GLONASS
4- SBAS
3 2 INT8U | SV numbefor GPS and SBA 1. 32 for GPS
120- 138 for SBAS
INT8S | Acarrier frequency number | -7 - +6
for GLONASS
4 3 INT8U | Channel Status 0- automatic
1- manual
5 4 FP32 | Doppler, Hz Debug mrameter(not

recommended for use)

! ¢ number of sed channels may depend on the type of reeeiv

Examples:

Request for the Current Status of the Receiver Channels:
10 17 10 03
| | |

[ |
DLE ID DLE ETX

Switching of channetl0 of the receiver into thenanualmode to a GLONASS déte with -1 carrier

frequency number

10 17 09 02 FF 01 10 O3
! | L | | |

[ |
DLE ID 1

2 3 4

DLE ETX
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6.2.10 Messagel9h¢ Request forloading of SVEphemeris

Thel9h message requests or loads ephemeridgéshe specified satelliteln case of ephemeriequest

the messageshallcontain 2 byés of data. For request for GLONASS ephemeris, 1 byte of data may be
added tothe message darrier frequency numbern because the GLONASS satellite number becomes
known only afterdecodingthe almanac. In this case, tlephemeris forthe GLONASS twdlite will also

be output with an unknowrsatellite numberbut the satellitenumber in the request shall be seat zero.

Structureof this messagés shownin Tablel4. The message alsalowsto request for allthe available
ephemeris and to receive their updatest the beginning of every hour for GPS, atdhe beginning of
every halthour for GLONASS).

In the case ofephemerisloading the message structures the same asresponse messagdoh
(Messaget9h ¢ SatelliteEphemeri.

Tablel4. Structureof 19h messagdata fields

Parameter | Offsetting,

NoO byte Type Description Values

Parameter No 1 equals 255.

1 0 INTBU | Request for all ephemeridg 255
and updates thereof an(
addenda thereto.

2 1 INT8U | Disable of message output | O
Output rate 1
Parameter No 1 does not equal 255
1 0 INT8U | Satellite system 1- GPS
2- GLONASS
2 1 INT8U | Satellite Onboard Number | 1. 32 for GPS

1. 24 for GLONASS
GLONASS Satellite System (optional)

3 2 INT8S | Carrier fequencynumberfor | -7 - +6
GLONASS

Examples:
Request for all the available ephemerides:

10 19 FF 01 10 03
DLE ID 1 2 DLE ETX

Request for GPS satellite epherides SVnumberis 2):

10 19 01 02 10 03

DLE ID 1 2 DLE ETX

Request for GLONASS satellite ephemeri8&saarrier numbei2):
10 19 02 FE OO 10 03

[
DLE D 1 2 3 DLE ETX
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6.2.11 Messag€elBh¢ Request for Software Version

Messagerequess for message70h (MessagerOhc Software Versioh with the software version. It
contains no data.

Example:
Enquiry for software version (FW):

10 1B 10 03

| | | | |
DLE ID DLE ETX

6.2.12 MessagelDhg Setting of Operating Mode$or Coordinates and Delay in themenna
Cable

The 1Dhmessage seteperationalparametersfor coordinates and antena cable delayseeTabk 15).
is commonlyused in time andrequency synchronization equipment. Message size depends on data
type. The response message is mességfe(Message/3h¢ Time Synchronization Opédrag Mods).

Tabk 15. Structureof 1Dh messagdata fields

Parameter | Offsetting, Tvpe Parameter Value
No byte yp Description
1 0 INT8U | Data Type 0 ¢ Operating mode setting

1 ¢ Antenna cable dlay entry

6 ¢ Coordinate averaggtime
setting

7 ¢ Entry of coordinates

0 ¢ operating mode setting

2 1 INT8U | Operating Mode 0 ¢ Standalone Mode
1 ¢ Mode with Fixed Coordinates
2 ¢ Averaging of Coordinates

1 ¢ setting ofantenna cable delay

2 1 FP64 | Delay, milliseconds
6 ¢ setting ofcoordinate averagingme
2 1 INT16U | Averaging time,
minutes

7 ¢ setting ofcoordinates (geodesic WeB34)

2 1 FP64 | Latitude,radians

3 9 FP64 | Longitude, rathns

4 17 FP64 | Height, m
Examples:

Setting ofCoordinate Averaging Operating Mode:

10 1D 00 02 10 03
| | |

L | | |
DLE ID 1 2 DLE ETX
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Setting ofCoordinate Averagg Time at 60 minutes:

10 1D 06 3C 00 10 03
DLE D 1 2 DLE ETX

Antenna Cable Delay Setting2fi0 nancseconds:

10 1D 01 2D 43 1C EB E2 36 2A 3F 10 03
DLE D 1 2 DLE ETX

6.2.13 MessagelEhg Reqestfor Time Scale Parameters

The 1IEhmessage requestthe shift of the internalreceivertime scalecompare tothe GLONASS, GPS,
UTC (SUand UTCtime scales It contains no data. The response message is mesgégéMessage
74h¢ Time Scal®arameter$.

Example:
Request foparameters of internal time scale

10 1E 10 03
DLE ID DLE ETX

6.2.14 MessagelFhg Requestfor Time andFRequency Parameters

The 1Fh message isused in time & frequency synchromation equipment. The response message is
messager2h (MessageZ2h ¢ Time and Frequency Paraneet). The message contains 1 byte of data in
the case of a request for perilic message outpufseeTablel6), and does not contain data ifhe case

of a onetime response

Tablel6. Structure ofLlFh messagdata fields

Parzrgeter Oﬁé;iteing, Type De<ription Values
1 0 INT8U | Disable of message output 0
Set atput rate is 1|1
messageer second
Examples:

Enquiry for ondime transmission of communication parameters of time and frequency:

10 1F 10 03
DLE ID DLE ETX

Request for periodioutput of 72h message at 1Hz rate

10 1F 01 10 03
DLE ID 1 DLE ETX
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6.2.15 Message20h¢ Request for/Loading of an Alanac

This message requests almanac data for one satellite frtenreceiver or loadsalmanac datao the
receiwer.

Inthe case of a request falmanac data, a message contains 2 bytes of (etaTablel7).

In the case of loading of an almanac, theessage structure is the same as fesponse messagéOh
(MessagetOh ¢ Almanador the Specified Satellife

Tablel7. Structureof 20h messagdata fields

Parilr(r)leter Oﬁgjigng, Type Description Values
1 0 INT8U | SatelliteSystem 1- GPS
2- GLONASS
2 1 INT8U | Satellite Number 1. 32 for GPS
1. 24 for GLONASS
Examples:

Request for an almanac for a GPS satellite ithumber 10:
10 20 01 OA 10 03

DLE ID 1 2 DLE ETX

Request for an almanac for a GLONASS satelliteSwittumber 1:

10 20 02 01 10 03
DLE ID 1 2 DLE ETX

6.2.16 Message?1h¢ Request for the Numbeof SatellitesUsedand DOP

This message requests datagardingthe number of GPS and GLONASS sataliitized for Navigation
as well as the value of the HD@Rd VDORjeometric factors The masage contains 1 byte of data (see
Tablel8) inthe case of a request for or cancellation of periodidput, and contains no aa inthe case
of a request forsingle respnse The response message is messéfb (Messages0hc Number of
SatellitesUsedand DOB.

Tablel8. Structureof 21h messagdata fields

PalaNn;eter Oﬁé)e/:‘t;ng, Type Description Values
1 0 INT8U | Disable of message output | O
Outputrate, seconds 1. 255
Examples:

Request for ondime transmission of the number of satellitesed for PTV caltation as well as the
HDOP and VDQjfeometric factors

10 21 10 03
DLE ID DLE ETX

Request for ondime delivery, at arate of 5 seconds, of the number of satellitesed for PVT
calallation, as well as the HDOP and VDg&®metric factors

10 21 05 10 03
DLE ID 1 DLE ETX
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6.2.17 Message23h ¢ Requestfor/ Stting of the Time Zone

This messagaequests for or sets the locéime (zone)correction in relatios to UTC. The correction is
positive for eastern longitudes and negative for western longitudeshécase of a request for the time
zone, the message shall contain no data. The setting data is describ@ahl®l9. The response
message is messagbh (Messageibh¢ Time, Date, Time ZoheThe size of the message data is 2
bytes.

Tablel9. Structureof 23h messagdata fields

Parameter | Offsetting, o
NoO byte Type Description Values
1 0 INT8S | Hours °13
2 1 INT8S | Minutes °59

Notes: Time zonecorrection only influences delivery of information in the BINR format via the current
port.

Examples:
Request for locdime (zone)correction in relation to UTC:

10 23 10 03
DLE ID DLE ETX

Setting of a correction of +1burs 30 minutes of locaiime (zone)correction in relation to UTC:

10 23 OA 1E 10 03
DLE ID 1 2 DLE ETX

6.2.18 Message24h¢ Request for Visible Satellites

This message requests the positions of the satellites related to the Tiker esponse messagé2h
(Messages2h ¢ Visible Stellites) contains azimuths and elevation angles forvédible satellites 1.e.
Satellites located above the horizaand with elevation angle exceeding the minimum value (8&é¢
Setting of ReceivelOperating ParametejsAs wellsignal tonoise ratics for all trackedsatellitesare also
provided

This message contains 1 byte of data (s€able20) in the case of a request for or cancellation of
periodicoutput, and contains no data ithe case of a request faingle response

Table20. Structureof 24h messagdata felds

Parzrgeter Oﬁé)e/:‘t;ng, Type Description Values
1 0 INT8U | Disable ofmessageutput | O
Outputrate, sconds 1. 255
Examples:

Request fosingle 52h message

10 24 10 03
DLE

ID DLE ETX
Request for periodi62h output(every 5 secons):

10 24 05 10 03
DLE ID 1 DLE ETX
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6.2.19 Message26h ¢ Communi@ation Check

This message is used to check the availability of communication with the receiver. Upon receiving this
message, the receiver provides a single 54h response message dipstages4hc Response to
Communication ChegKThismessage contains no data.

Example:
Communication availability check (request for message 54h delivery):

10 26 10 03
DLE ID DLE ETX

6.2.20 Message27h¢ Request forPVTVector

This message requestdisables periodic output of a PVT vector. The esponse messagé 88h
(Message88h¢ PVT ector) contains a basiset of data describing theiseQa f 201 GA2Yy Y !
coordinatesyelocity, estimation of accuracy of coordinataad PVT calculation/extrapolation fla@ne

byte of data ofthe message determines the period nfessage outputn intervals ofNavigationrate
(seeTable21). For request of single response threessage shouldhaveno data.

Table21. Structureof 27h messagdata fields

Parilrgeter Oﬁg;:‘taing, Type Description Values
1 0 INT8U | Disable of message output| O
Ouput rate, in intervals of| 1- 255
navgation rate
Examples:

Request fosingle 88h response message

10 27 10 03
DLE ID DLE ETX

Request for periodioutput of 88h messagat arate whichcoinciding wih Navigation rate

10 27 01 10 03
DLE ID 1 DLE ETX
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6.2.21 Message2Ah¢ Request for lonosphere Paragters

This message requests values of ionosphere parameters transmitteldbEPS syste@gatellites. The
message contains 1 byte of datathe case ofa request for or cancellation of periodioutput (see
Table2?2). It does not contain data irthe case of asingle request. The response message4ish
(MessagetAhc lonosphere Parameteis

Table22. Structureof 2Ah messagdata fields

Parilr(r)leter Oﬁgjigng, Type Description Values
1 0 INT8U | Disable of message tput | O
Output rate,seconds 1. 255
Examples:

A request for ondime transmission of a value of ionosphere parameters:

10 2A 10 03
DLE ID DLE ETX

A request for periodic transmission (every 60 seconds) of a value of ionosphere parameters:

10 2A 3C 10 03
DLE D 1 DLE ETX

6.2.22 Message2Bh¢ Request for GPS, GLONASS and Uiiieé ScaleParameters

This message requests data dhe deviation ofthe time scalefor GPSGLONASSUTCand UTC (SU)
respectively. Th data is transmitted by the satellites dhe corresponding system. Thmessage
contains 1 byte of data ithe case of a request for or cancellation afperiodic transmission (see
Table23), and it does not contain data irthe case of a request for a oftame transmission. Tén
response message is messddh (MessagelBhc GPS, GLON&%nd UTC Time Scales Paramters

Table23. Structureof 2Bh messagdata fields

Parzrgeter Oﬁé)e/:‘t;ng, Type Description Values
1 0 INT8U | Disable of message tput | O
Output rate sconds 1. 255
Examples:

Asinglerequest for4Bh response message

10 ZB 10 03
DLE ID DLE ETX

Request for a periodigutput (every 60 seconds) @fBh message

10 28 BC 10 03
DLE ID 1 DLE ETX
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6.2.23 Message31lh¢ Request for the DOP an@MSfor calculated PVT

This message requestdisablesperiodic output of information regardingthe DOPand components of
root-mean square errorfor calculaed PVTThe response messagesih (Messageslh¢ DOP and RMS
for calculated PV)T1t is an addendum to message 88Wgssage88h¢ PVT ector).

One byte of data athe message determines the period mwlessage outpuin intervals ofhavigation rate
(seeTable24). In case of single request mfessage 61hmessage 31khouldhaveno data.

Table24. Structureof 31h messagdata fields

Parilr(r)leter Oﬁgjigng, Type Description Values
1 0 INT8U | Disable of message tput | O
Output rate sconds 1. 255
Examples:

A request for onetime transmission of information on GF and root mean square error:
10 31 10 03

| | | | |
DLE ID DLE ETX

Request for periodic transmission (every 60 seconds) of information on GF and root mean square error:
10 31 3C 10 03

[ | | | | |
DLE ID 1 DLE ETX

6.2.24 Message35h ¢ Request forinformation about Usedand BlockedSatellites

Message is used for request of information about satellitest are used for navigatignas well as
information about satelliteghat are blocked by RAIMIn the case of a request foor disablingof a
period output of message 93hMessage3hc Information about Usedand Blocked Salites), it
contains 1 byte of data (s€eable25). Inthe case of asinglerequest,the message aaains no data.

Table25. Structure of35h messageéata fields

Parzrgeter Oﬁé)e/:‘t;ng, Type Description Values
1 0 INT8U | Disable émessage oiput | O
Output rate seconds 1. 255
Examples:

Request for ongime delivery of information omitilizedand excluded satellites:
10 35 10 03

| | | | |
DLE ID DLE ETX

Request for periodic transmission (every 60 seconds) of information on ¢lyrnesed and excluded
satellites:

10 35 3C 10 08
L | | | | |
DLE ID 1 DLE ETX
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6.2.25 Message39h ¢ Request for Information on Bcelver Channels

This message requests extended information on the statushefreceiver channels. The response
message is messagé’h (Message837h¢ Information on Receiver Channglsvhich containsthe
satellitesnumbers (orcarrier frequency numbgy information on the situs of the channels and signal
to noise ratig as well as meaurements of pseudo range and Doppler frequency.

This message contains 1 byte of data (SEgble26) in the case of a request for atisablingof periodic
output, and contains o data inthe case of ainglerequest .

Table26. Structureof 39h messagdata fields

Parilr(r)leter Oﬁgjigng, Type Description Values
1 0 INT8U | Disable of message tput | O
Output rate sconds 1. 255
Examples:

Requesfor a onetime delivery of information on the status of receiver channels:

10 39 10 03
DLE ID DLE ETX

Request for periodic transmission (every second) of information on the status of receiver channels:

10 39 01 10 03
DLE ID 1 DLE ETX

6.2.26 Messa@ 5Chg Request for Atmospheric Corctons

This message requests results of calculation of ionosphere and troposphere corrections for satellites
usedfor navigation.The response message is messafd (MessagesDhc Atmospheric Corrections
whichcontains the numbers of satellitesedfor PVT calculatioas well as troposphere andriosphere
corrections tothe rangemeasurements.

A request message contains 1 byte of data (Sable27) in the case of a request for adisablingof
periodicoutput andit contains no data ithe case of ainglerequest.

Table27. Structureof 5Ch messagéata fields

Parilr(r)leer Offﬁ;t:teing, Type Description Values
1 0 INT8U | Disable of message tput 0
Output rate, seconds 1. 255
Examples:

A request for ondime readout of results of calculation of ionosphere and troposphere corrections for
satellites used to sek a navigation task:

10 SC 10 03
DLE ID DLE ETX

A request for periodic transmission (every 60 seconds) of results of calculation of ionosphere and
troposphere corrections for satellites used to solve a navigation task:

10 SC SC 10 03
DLE D 1 DLE ETX
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6.2.27 MessageAOh¢ Request for Results dbroup Celay Calibration

This message enablethe userto request aGroup Delaytable from the receiver or to load &roup
Delay (GDjable into the receiver. Thmessagesize depends on request type (s€éable28). Inthe case
of request for a table, the size of the data in a messag@ebytes, inthe case ofloading atable ¢ it is90
bytes. The response message is mesgede(MessageAlhc UsedGroup Delayrable.

Table28. Structure ofAOhmessagealata fields

Parilr(r)leter Oﬁgjigng, Type Description

1 0 INT8U | Request Type:
3' ¢ request for setting ba GDtable values
2 1 INT8U | Table No:
1* Default

3 2 FP32 | GDfor GLONASS witii carrier number milliseconds
4 6 FP32 | GDfor GLONASS with carrier number milliseconds
5 10 FP32 | GDfor GLONASS with carrier number milliseconds
6 14 FP32 | GDfor GLONASS with carrier number milliseconds
7 18 FP32 GDfor GLONASS witB carrier number milliseconds
8 22 FP32 GDfor GLONASS witR carrier number milliseconds
9 26 FP32 GDfor GLONASS with carrier number milliseconds
10 30 FP32 GDfor GLONASS with&arrier number milliseconds
11 34 FP32 GDfor GLONASS with €arrier number milliseconds
12 38 FP32 GDfor GLONASS with €2arrier number milliseconds
13 42 FP32 GDfor GLONASS with €arrier numbey milliseconds
14 46 FP32 GDfor GIONASS with +darrier number milliseconds
15 50 FP32 GDfor GLONASS with €&rrier numbey milliseconds
16 54 FP32 GDfor GLONASS with €érrier number milliseconds
17 58 FP32 | Reserved
18 62 FP32 | Reserved
19 66 FP32 | Reserved
20 70 FP32 | Reserved
21 74 FP32 | Reserved
22 78 FP32 | Reserved
23 82 FP32 | Reserved
24 86 FP32 | GDin the GPS path, milliseconds

! ¢ Values of parameters differing from those given in the table are reserved for future use.
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6.2.28 MessageA2h ¢ Request for/Installation of Coorohate System Parameters

This message may be used to request farameters of a coordinate system or to set parameters of a
user coordinate system. The followitgble is assigned for user coordinate systems: 2283. Inthe
case ofarequest, the message conte 1 byte of data and in case of setting3 bytes(seeTable29).
The response message is messAgh (MessageA3hc User Coordinate System

Table29. Structureof A2h messagdata fields

Parilrgeter Offs;;taing, Type Designation Description

1 0 INT8U Coordinate System Index: @255
(see Table 6)

2 1 FP32 Da Correction to the major semaxis of
ellipsoid WGS84, m

3 5 FP32 Df Correction of the compression ratio

4 9 FP32 Dx Mass Cene Offset, metes

5 13 FP32 Dy

6 17 FP32 Dz

4 21 FP32 Wx AXxis turn angles, angle. min.

5 25 FP32 Wy

6 29 FP32 Wz

7 33 FP32 m Difference among linear scale40®

8 37 INT8U[6] System Name

Example:

Request for parameters of the D.02 coordinate system:
10 A2 04 10 03

| | 1 1 1 |

DLE ID 1 DLE ETX
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6.2.29 MessageB2h¢ Request for/Setting of BINR Brocol Operation Mode

This message enablethe userto change the BIR protocol operation mode. Ithe case of a request,
the message contains no dataValuesfor setting the BINR protocol operation mode are given in
Table30. The size of the message dat&ibytes. The response message is mesSaVessageC2hg
BINR Protocol Status Wordnthe case ofenabling/disabling of Check Surhangesawill take effect
upon receiving the C2hresponse mesage.

Table30. Structureof B2h messagdata fields

Parilr(r)leter Offistgng, Type Description Value
1 0 INT16U BINR Bit Value
Status wora|_©__| Notused
1 0- Disable Check Sum
1- EnableCheck Sm
2 0- Altitude above the geoid
1- Altitude above the ellipsoid
3 0- Geodeic Coordinates
1- Rectangular Cooidates
4. 15 | Reserved
Examples:

Request for BINR protocol operation mode:
10 B2 10 03
[ | | | |
DLE ID DLE ETX

BINR potocol operation mode settingGheck Sum disablediltitude above theellipsoid, geodtc
coordinates):

10 B2 04 10 O3
| | | | | |
DLE ID 1 DLE ETX
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6.2.30 MessageD7h¢ Setting of Additional Operating Parameters

Thismessage requests and sets the following operagiagpmeters of the receer:

- UseQd al EAYdzy 'ft26l0fS 1 OOStSNIGAZ2YT
- NavigationRate;

- Pseudo Range Smoothing Interval,

- PPSControl;

- Antenna Cable Delay;

- Navigation Operation Mode;

- Mode of Operation with Differential Corrections;

- Mode of Operation with Atmodperic Corrections;

- Priorities of Navigation Systems;

- Enabling/disablingo use SBAS to receittee remainder oimessage No 0O;

The type of data being requested gploadedis determined in the first parameter (s@able31). Inthe

case ofa request, the message contains 1 byte of data. The response message is mE3éage
(MessageE7hc AdditionalOperatingParametery. Mesage size €pends on data type.

Table31. Structure oD7h messagdata fields

Parilrgeter Offs;:(taing, Type Parameter Description
1 0 INT8U | Data Type: 1 11
Data Type =1
UseQa al EAYdzy ''ft26l0fS ! OOSt SN
2 1 FP32 | Maximum Allowable Acceleration 0:1100 m/seé
Data Type = 2
NavigationRate
2 1 INT8U | Navigationrate: 1,2,5,10 Hz
Data Type =3
Pseudo Range Smoothing Interval
2 1 INT16U |t a SdzR2 wl y3S {Y220KAy3a Ly
Data Type =5
PPSControl
2 1 INT8U Bit Value

0 | 0- Softwaretype (PPS)

1- Hardwaretype (associated with the intemal time
scale of the recer)

1 | For softwaretype only:
0- Interval (with aNavigationrate)
1- BEverysecond

2 | 0¢ Not verify PPS

1 ¢ Verify PPS andisablingpulse genegtion in case
PPSerification failed
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Parilrgeter Offae;:gng, Type Parameter Description
3 | 0- Inverted
1- Direct
4.7 | PPS time stamp synchronization
1- GPS
2- GLONASS
3- UTC
4- UTC SU
3 2 INT8U | Keep the internal time scale within thel milliseconds
rangefrom the UTC sceli
0- Off
1-0On
4 3 INT32U | PPS.ength, nsec
Data Type =6
Antenna Cable Delay
2 1 FP64 | Delay, milliseconds
Data Type =7
Navigation Operation Mode
2 1 INT16U | Bit Value
O | 1- TurnOn RAIM
0- Turn Off RAIM
1 | 1- EnableRAIM FDE
0- DisableRAIM FDE
2 | 1- Disable2D
0- Enable2D
3 | 1- Disable touse ofsinglesatellite ofthe satellite
system
0- Enable touse ofsingle satellite of the satellite
system
4.15 | Reserved
Data Type =8
Mode of Operation with Differential Correotis
2 1 INT16U | Bit Value
0 | 1- Enablethe use of RTCM Corrections
0- Disable
1 | 1- Enableuse of SBAS Corrections
0- Disable
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Parilrgeter Offisigng, Type Parameter Description
2 | 1- Enableuse of GBAS Corrections
0- Disable
3 | Reserved
4 | 1- DisableCorrection at ionosphererrors
0- Enable
5 | 1- DisableCorrection at troposphex errors
0- Enable
6-8 | Reserved
9 | 0¢ Troposphere model according to SPS GPS
1 ¢ Troposphere model according to RTCA
10-15| Reserved
Data Type =9
Reception Channels Distribution Among SageBystems
2 1 INT8U DefauItAnLVmeer of channels for GLONASS )
0dzaSR 2yfe T2NJ aO2ft R adl NI
3 2 INT8U DefauItAnLVmeer of channels for GPS 3 )
0dzaSR 2yfe T2NJ aO2ft R audl Nl
4 3 INT8U | Default number of channels for SBAS

Data Type =11
Use of SBAS satelliteparating in test mode

2 1 INT8U | N=0to 255

LF b Aa y20 ané¢ GKSy (GSai
processed as SBAS message No N.
Data Type =12
Assisted DatRequest On/Off
2 1 INT8U | 0- Assisted Request Tuoff
1- Assisted Request Tuon
Data Tpe =13
we/a [/ 2NNBOGAZ2YaQ [AFSOHUAYS o6y20 4&dzLly
2 1 INT16U |w¢ / a / 2 NIN&ideDAratighasonds

Note: RTCM Correctiohaspriority over SBAS.
Examples:
Setting theNavigationrate at 5 Hz:

10 D7|02|05| 10I 03

L | |
DLE ID 1 2 DLE ETX
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Pseudo range smoothing interval setting at 120 seconds:

10 D7 03

78 10 03

DLE D 1

Setting thePPSor 0.5 millisecond$ength with synchronizatiorto the UTC scale, with PPS verification

2 DLE ETX

and keeping the internalrtie scale within a range 6fL millisecond from the UTC scale:
10 D7 05 3E 01 20 Al 07 00 10 03

DLE D 1

2 3

4

DLE ETX

Setting the delay in the antenna cable at 50 nsec:
10 D7 06 2D 43 1C EB E2 36 OA 3F 10 03

DLE D 1

2

DLE ETX

Settinga mode of operation with differential correctiongligabling ofRTCM and SBAS corrections

using:

10 D7 08 03 00 10 03

DLE ID 1
{SGGAy3

2 DLE
we/ a

ETX

O2NNBOlA2YEQ

10 D7 OD 1E 00 10 03

DLE D 1

6.2.31 MessageDBh¢ Request for GLONASS Time Scale Parameters

This message requests GLONASS time scale parameters as transmttiedGhONASS frame (see

2 DLE

ETX

fAFTSGAYS

I G

on

Q¢

w»

O«

Table32). The size of these messages is 1 byte. The responsagesEBh(Message EB GLONASS
Time Scale Parametgrs

Table32. Structureof DBh messag@ata fields

Parzr(rjleter Offﬁ;t:teing, Type Description Values
1 0 INT8U | Disable of message output| O
Outputrate, ssconds 1. 255
Example:
wSljdzSaid F2NJ 0AYS &cdnde BverpBONdcoi®l SNAQ RSt A OGS NE
10 DB 3C 10 03
DIE © 1 DLE ETX
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6.3 Response Messages

6.3.1 MessagedOhc¢ Almanacfor the Specified Satellite

This message is a response to mess2@h (Message?0h ¢ Request for/Loading of an Aanag. Ths
message transmits the almanac ddta the specified satellite. Inhe case of absence of data, the
message contains only the first two jpaneters of allof those described imable33. The size of the
message data may be 2 bytes (no data), 60 bytes (GPS almanac) and 42 bytes (GLGN&GS alm

Table33. Structureof 40h messagelata fields

Parameter | Offsetting, . . o
NoO byte Type Designation Description Value
1 0 INT8U Satellite system 1- GPS
2- GLONASS
GPS Satellite System
2 1 INT8U PRN Satellite Orboard 1- 32
Number
3 2 INT8U HELTH Satellite Status 0- Healthy
4 3 INT8U PRN Onboard Number 1. 32
5 4 FP32 e Orbit Eccentricity
6 8 FP32 io Orbit Inclination, rad.
7 12 FP32 W Ascending Mode
Speed, radl
millisecond
8 16 FP64 JA Square root of the
major semiaxis of the
orbit, m*?
9 24 FP32 W Ascending Node
Lorgitude, rad.
10 28 FP32 w Ascending node
perigee angle, rad.
11 32 FP32 Mo Mean anomaly per
average time
12 36 FP32 3 Time Correction
(Polynomial Factor),
milliseconds
13 40 FP32 an Time Correction
(Polynomial Factor),
milliseconds/milliseco
nds
14 44 FP32 3ol The upper part, af0
(for compatibility, O is
transmitted),
milliseconds
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Parameter | Offsetting, : : L
NoO byte Type Designation Description Value
15 48 FP80 toa The almanac
Reference Time,
milliseconds, from
week keginning
16 58 INT16S WN GPS Week Number | Starting  from
22.08.1999
modulo1024
GLONASS Saitd|System
2 1 INT8U N, On-board Number 1.24
3 2 INT8U ch Satellite Status 0- Healthy
4 3 INT8U N The satellitecarrier
Frequencynumber
(negativenumbersare
from 25 to 31)
5 4 FP32 t, The satellite time
scale offset value in
relation to the
GLONASS scale,
milliseconds
6 8 FP32 I A Orbit Ascending Node
Longitude, rad
7 12 FP32 [ Orbit Incination, rad.
8 16 FP32 e, Orbit Eccentricity
9 20 FP32 Wy Orbit Ascending node
perigee angle, rad.
10 24 FP32 t, The Orbit Ascending
Node Passing Time,
milliseconds
11 28 FP64 N DraconigNodical)
Period,
milliseconds/revolutio
n
12 36 FP32 (T.))DOT | The Draconi¢Nodcal)
Period Change Speed
millisecondd
revolutior?
13 40 INT16U Na Day Number in a
4-year period
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6.3.2 Messagedlh ¢ Course Anglend Actual Speed

Thsmessage is a response to messagb (Messagel3h¢ Request for Course Angle and Actual Speed
This message aatains extrapolated data of the course angle, actual speed and time. The data format of

these messages is givenliable34. The size of these msgages is 12 bytes.

Table34. Structureof 41h messagdata fields

Parilr(r)leter Oﬁgjigng, Type Description
1 0 FP32 | Course angle, speed
2 4 FP32 | Speedkm/h
3 8 INT32U | Time from week beginning

6.3.3 Messaged2h¢ Current Status of Receiver Cimaels

This message is a response to messdgd (Messagel 7h ¢ RequestSettingof Current Status of the

ReceivelChainelg. Ths message data format is shownTiable35, where the specified parameters are
repeated for each channel of the receiver. The sik¢he message data is tonumber of channels)

bytes.

Table35. Structureof 42h messageéata fields

Parameter | Offsetting, -

NoO byte Type Description Values

1 0 INT8U | Satellite system 1- GPS
2- GLONASS
4- SBAS
8- Galileo E1b

2 1 INT8U | Number of Satellite for GP| 1. 32 for GPS

and SBAS 120- 138 for SBAS
INT8S | A carrier frequency slot|-7- +6
numberfor GLONASSV
2 INT8U | Signal/Noise Ratio

4 3 INT8U | Channel Status 0 - Automatic Control
1 - Manual Control
2 - Being tested
3-error

5 4 INT8U | Pseudo Range Sign 0- There is a digitization
and measurement of
pseudo range
1 - Failure
2 - Pseudo Range
measurement is available
wherethe digitization is
not.
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6.3.4 Message 43It Test Rsults

This message is a response to message MbsEagellhc Test Results Requekt Ths message data
are given inrable36. The size of the message data is 6 bytes.

Table36. Structureof 43h message.

Parilngeter Offisgeing, Type Description Value
1 0 INT8U | Response Type| 2 - Test Results
2 1 INT8U | Test Results Bit
Oto3 | Reserved
4 GPS Test
5 GLONASS Test
7t0 6 | Antenna Status:
0 ¢ Antenna is connected
1 ¢ Antenna is not connected
3 ¢ Antenna shoricircuited
3 2 INT32U | Reserved 0
Examples:

Test result (no fauy the active antenna is connected):

10 43 02 00 00 00 00 OO 10 03
DLE ID 12 3 DLE ETX

Test result (GP&annelerror, the active antenna is connected):

10 43 02 10 00 00 00 00 10 03
DLE ID 1 2 3 DLE ETX

Test result (no faults, the active antenna is not connected):

10 43 02 80 00 00 00 00 10 03
DLE ID 1 2 3 DLE ETX

Test result (no faults, the Hee antenna is shortircuited):

10 43 02 CO 00 00 00 OO 10 03
DLE ID 1 2 3 DLE ETX
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6.3.5 Messaged6h¢ Time, Date, Time Zone

This message is a response to messagé (Message?3h ¢ Requestfor/ Setting of the Time Zone). The
format of this message is givenlable 37. Hours and minutes of timeonecorrection are addedaking
into the accounttheir sign Thesize of data of this message is 10 bytes.

Table 37. Structure oA6hmessagelata fields

Parilr(r)leter Off;;:gng, Type Description Value
1 0 INT32U | Time from week beginning
2 4 INT8U | Day 1-.31
3 5 INT8U | Month 1.12
4 6 INTIBU | Year >1999
5 8 INT8S | TimeZoneCorrection, hours °13
6 9 INT8S | TimeZoneCorrection, minutes °59

6.3.6 Messaged7h¢ EnablingDisablingof Satellite Used

This message is a response to messd@h (Messagel2h¢ EnablingDisabling ofSdellite Used. The
message contains information @mablingdisablingto use GPS and GLONASS satellites. The message
transmits information on 32 GPS satellites and 24 GLONASS satBldtasfomat for one satellite is
given inTable38. The size of data of this message: 3 * (32+24) = 168 bytes.

Table38. Structureof 47h messagdata fields

Parilrgeter Oﬁs;*:;ing, Type Description Values
1 0 INT8U | SatelliteSystem 1- GPS
2- GLONASS
2 1 INT8U | Satellite Orboard Number | 1- 32 for GPS
1- 24 for GLONASS
3 2 INT8U | Use 1- Enabled
2 - Disabled
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6.3.7 Messaged9hc Satellite Ephemeris

Thismessage is a response to rsagel9h (Messagel9h¢ Request forfoading ofSVEphemeis). The
data format corresponds tdable39. The size ahe message data is 130 or 93 bytes.

Table39. Structureof 49h messagdata fields

Parameter | Offsetting, . . o
No byte Type Designation Description
1 0 INT8U SatelliteSystem:
1- GPS
2- GLONASS
GPS Satellite System
2 1 INT8U PRN Onboard Number: 132
3 2 FP32 Gs Orbit Radius Sine Conion, meers
4 6 FP32 Dn Difference between principal motio
and defined nation, rad./milliseconds
5 10 FP64 Mo Mean Anomaly, raidns
6 18 FP32 c, Longitude Argument Cosine Cattien,
¢ radians
7 22 P64 e Eccentricity
8 30 FP32 c, Latitude Argument Sine Correction,
s radians
9 34 FP64 JA Square root of the major seraixis, nt?
10 42 FP64 ¢ 9LIKSYSNARS&aQ wS¥TS
oe milliseconds
11 50 FP32 c Cosine Correction to the Inclination
c angle, radans
12 54 FP64 W Orbital Plane Ascending Node
0 . .
Longitude, racns
13 62 FP32 G Sine Correction to the Inclinatiomgle,
s radians
14 66 FP64 io Inclination Angle, radns
15 74 FP32 Ge Orbit Radius Cosine Correction, med
16 78 FP64 w Ascending nodgerigee angg, radans
17 86 FP64 . Direct Descending Change Speed,
W radiangmilliseconds
18 94 FP64 IDOT Inclination Angle Change Speed,
radiangmilliseconds
19 102 FP32 Tep Group Differential Delay Estimation,
milliseconds
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20 106 FP64 toc Time Correction (Polynomighctor),
milliseconds
21 114 FP32 Time Correction (Polynomial Factor),
%2 milliseconds/milliseconds
22 118 FP32 Time Correction (Polynomial Factor),
%1 milliseconds/milliseconds
23 122 FP32 Time Correction (Polynomial Factor),
%o milliseconds
24 126 INTL6U URA UserRange Measurementc8uracy
25 128 INT16U IODE An Identifier of a Set of Ephemerides
GLONASS Satellite System
2 1 INT8U n Onboard Number: 124, 0- unknown
2 INT8S T Carrier frequency number
4 3 FP64 Xn(tb) Coordinates, m
5 11 FP64 yn(tb)
6 19 FP64 zn(tb)
7 27 FP64 X,L(tb) Speeds, m/msec
8 35 FP64 yi(to)
9 43 FP64 z(t,)
10 51 FP64 X,L(ib) Accelerations, m/msec
11 59 FP64 yi(i)
12 67 FP64 zi(,)
13 75 FP64 t, Time interval inside the current da
msec
14 83 FP32 gn(tb) Signalcarrier frequency value relativ
deviation
15 87 FP32 th The satellite time scale offset value
relation to the GLONASS scqg
milliseconds
16 91 INT16U E, Age of Ephemerides, days
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6.3.8 MessagedAhc lonosphere Parameters

This message is a response to request mess&fegh (Messag€?Ahc Request for lonosphere
Paraneters). Ths message contains ionosphere parameters transmitted by the GPS system satellites
according to ICEEPS200. These messages are showiiale40. The size of the message is 33 bytes.

Table40. Structureof 4Ah messagdata fields

Parilrgeter Off;;:gng, Type Designation Description

1 0 FP32 ag sec

2 4 FP32 a,; Sec/emicycle

3 8 FP32 a, Sec/(semicyclé)

4 12 FP32 as Sec/(semicyclé)

5 16 FP32 bg sec

6 20 FP32 b, Sec/semicycle

7 24 FP32 b, Sec/(semicyclé)

8 28 FP32 by Sec/(semicyclé)

9 32 INT8U Reliability Sign:

255¢ the dataisreliable
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6.3.9 MessagedBh¢ GPS, GLONASnd UTC Time Scales Parameters

Thsmessage is a response to request mess2gje(Message?Bhc Request for GPS, GLONASS and UTC
Time ScalesParaneters. Ths message contains time scalparametersfor GPSand UTC as well as
GLONASS and UTC (SU) respectively éds8e41).

Table4l. Structureof 4Bh messagdata fields

Pamameter Offsetting, : . o

No byte Type Designation Description

1 0 FP64 A Sec/sec

2 8 FP64 Ay Sec

3 16 INT32U to Sec

4 20 INT16U WN Weeks

5 22 INT16S Dt s Sec

6 24 INT16U WN g Weeks

7 26 INT16U DN Days

8 28 INT16S Dt, s Sec

9 30 INT8U Sign of reliability of data of
communication of the GPS and UTC
scales: 255 the dataisreliable

10 31 INT16U NA The number of the day to which ttie
time stamp refers

11 33 FP64 t, Correction to GLONASS system time
scale in relation to UTC(SU), sec

12 41 INT8U Sign of reliabity of data of
communication of the GLONASS and
UTC (SU) scalgs5¢ the datais
reliable
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6.3.10 MessagebOh¢ Query of theCurent Port Status

This message is a response to request mess@gé (MessagedBhc Reques for/Setting of a Port
Statug. Ths message contains information on thequested porf) @perating mode (sedable4?2). The
size of these messages is 6 bytes.

Table42. Structure 060h messagéata fields

Parilr(r)leter Offistgng, Type Parameter Description Values
1 0 INT8U | Port No 1- Port Nol (UART A)
2- Port No2 (UART B)
2 1 INT32U | Port baudrate 4.800- 230400
3 5 INT8U | Praocol Type 1- No protocol used
2 - NMEA Protocol
3- DIFF Protocol
4 - BINR Protocol
5- BINR2 Protocol
Example:

The receiver pof éurrent status (port No 1 (UART Baudrate ¢ 9800 baud, NMEA protocol):

10 50 01 80 25 00 OO 02 10 03
| | ! | | ! | |
DLE ID 1 2 3 DLE ETX
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6.3.11 Messageblhc¢ Query of theReceiverOperating Rrameters

This message is a response to request mess@bh (MessagdDhc Settig of ReceiverOperating
Parameter}. Ths message contains current operating parameters of the rexegjsee Table43). The
size ofdata ofthese messages is 11 bytes.

Table43. Structure o61h mesagedata fields

Parameter | Offsetting, o

No byte Type Parameter Description Values

1 0 INT8U | OperationalSatdlite See 0Dh MessaggSetting of
Navigition System Operating Parameters

2 1 INT8U | Reserved 0

3 2 INT8U | Coordinate System See Table 8

4 3 INT8S | The value of a minimum satellite height mastarting from
which search and tracking will be performed, degr¢
0-90

5 4 INT8U | Minimum SMRlevel for use
in navigation

6 5 INT16U | The maximum value of th@ot mean square error at whic
solution of a ravigation task shall be deemed va
(metres).

7 7 FP32 | Solution Filtration Degree

Example:

The current parameters of the receivoperation (working satellite navigation systefGPS/GLONASS;
the coordinate system is WG3; the minimum elevation amg value is 5 the minmum SNRlevel is
17dB, the maximunroot mean sqare error value is 250 mets and the solution firation degree is 3):

10 51 00 OO 00O 05 11 C8 OO OO OO 40 40 10 03
| | ! | | | | | | | | |
DLE ID 1 2 3 4 5 6 7 DLE ETX
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6.3.12 Messageb2hc¢ Visible Seellites

This message is a response to request messadh (Message?4hc Request for Visible Satellifes
Response message 52h (Table 44) contains azimuths and eleangtes for all the satellites located

above the horizorwith elevation angle exceeding the minimum value ($éessageDDhc Setting of

ReceiveOperating Parametejsas well as the gnal/noise ratio forall trackedsatellites.The message

structure isshownin Table44. The size of these message$7is the number of visible satellit¢bytes
and, in case of aence of information, the message contains no data.

Table44. Structureof 52h messagdata fields

Parilrgeter Oﬁss;teing, Type Description Values
1 0 INT8U Satellite system 1¢GPS
2 ¢ GLONASS
4 ¢ SBAS
2 1 INT8U | Satellite 0-board Number | 1. 32 for GPS
1. 24 for GLONASS
120 138 for SBAS
3 2 INT8S | Carrierlrequencyslot -7 - +6 for GLONASS
Number FFh for GPS and SBAS
4 3 INT8U Satellite Height Mask, 0-90
degrees
5 4 INT16U | Azimuth, degrees 0- 359
6 6 INT8U Signal/Noise Ratio
Examples:

Information on visible satellites is not available:
10 52 10 03

DLE ID DLE ETX

6.3.13 Messageb4h ¢ Response to Communication Check

Thismessage is a response to request messagie (Message26h ¢ Communiation Check Message

contains no data.

Example:

Hand Shaking:

10 54 10 03

DLE ID DLE ETX
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6.3.14 Message 55h¢ Query of the Status of Operating Mode with Averaged aniixed
Coordinates

This message is a response to rexp message OFh (OFh Messadtry of Reference Coordinates for
the FixedCoordinates Operating Mode). It is used in timand time and frequency
synchronization equipmentand contains information on the state of the operating mode with
averaged andixed coadinates (sedable45). The size of these messages is 11 bytes.

Table45. Structure o65h messagéata fields

Parameter | Offsetting, _

NoO byte Type Parameter Description Values
1 0 INT8U | Operating Mode 0 ¢ Standalone Mode

1 ¢ Mode with Fixed

Coordinates

2 ¢ Averaging of Coordinates

2 1 FP64 | Delay in Antenna Cabils
msec

3 9 INT16U | Averaging time, minutes

6.3.15 MessagebDh¢ Atmospheric Corrections

This message is a response the request messagebCh (Messa@ 5Chc Request for Atmospheric
Corrections). ThHs message contaiithe numbers ofthe satellites used for navigatigmnd immosphere
and tropospherecorrections to range measurement$he messagstructure isgiven inTable46. The
size of the message datieldsis (1+14 * number of satellites) bytes.

Table46. Structureof 5Dh messagdata fields

Parirgeter Offz;:gng, Type Description Values
1 0 INT8U | Number of satellites in the
message
The next fields are repeated for every satellite
2 1 INT8U | Satellite system 1- GPS
2- GLONASS
4 - SBAS
3 2 INT8J | Satellite Number 1. 32 for GPS
1- 24 for GLONASS
120 138 for SBAS
4 3 FP32 | Tropospheralelay, m
5 7 FP32 | lonospheredelay, m
6 11 FP32 | Reserved
! ¢ The parameter is reserved for use in doutilequency receivis for ionosphere delay caliated
by L1/L2 measurements.
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6.3.16 Messages0h¢ Number of SatellitedJsedand DOP

This message is a response the request messag@1lh (Message€21h¢ Request for the Numbeof
SatellitesUsedand DOPThs messagecontainsthe number of GPS and GLONASS satellisesl for
navigationas well as the value of HDOP and VIf@Bmetric factorgsee Table47). The size of ik
message is 10 bytes.

Table47. Structure 060h messageata fields

Parilr(r)leter Off;;:gng, Type Description Value
1 0 INT8U | Number of GPS Satellites
2 1 INT8U | Number of GLONASS Satellites
3 2 FP32 | HDOP
4 6 FP32 | VDOP

6.3.17 Messageslh¢ DOP and RM&r calculated PVT

This message is a response tioe request messag81h (Message31h¢ Request for the DOP ariRMS
for calculated PVT The message contains information on all thenponents of the geometrical factor
(DOP)as well as an estimation of coordinates and speed of thedalstulated PV.TThis message is an
addendum to messag@8h (MessageB8h¢ PVT ector). The structure of message 61h is represented in
Table48. The size of tis message is 288 bytes.

Table48. Structure o61lhmessagealata fields

Parareter No Oﬁs;*:gng, Type Description Value

1 0 FP32 | HDOP

2 4 FP32| VDOP

3 8 FP32| TDOP

4 12 FP32 | Estimation of an error in term|
of latitude, m

5 16 FP32 | Estimation of an error in term;
of longitude, m

6 20 FP32 | Estimdion of an error in terms
of altitude, m

7 24 FP32 | Estimation of a speed error i
terms of latitude, m

8 28 FP32 | Estimation of a speed error i
terms of longitude, m

9 32 FP32 | Estimation of a speed error i
terms of altitude, m
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6.3.18 Messager0Oh¢ Software Version

This message is a response ttoe request messagéBh (MessagelBh¢ Request for Software Versipn
This messagecontainsinformation regardingthe overall numier of correlationchannelsas well aghe
version of thedeviceQ lardwareand software (sed@able49). The size of these messages is 76 bytes.

Table49. Structure offOh messageéata fields

Parzn;eter O;;Stzt’ Type Description Value
1 0 INT8U | Number of Channels
2 1 INT8U[21] | Equipment and Software 21-byte long text field
Version Identifier
3 22 INT32U | Serial Numbe(device ID)
4 26 INT8U[21] | Reserved 21-byte long text ield
5 47 INT32U | Reserved
6 51 INT8U[21] | Reserved 21-byte long text field
7 72 INT32U | Reserved

Note: Reservedields may contain extra information depending on tlevice modification and the
software version.
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6.3.19 Messager2h¢ Time and Frequency Paranmets

Thismessage is a responsettte request message 1FNéssagel Fh¢ Requestor Time andRequency
Parameter}. It is used irtime, and timeandfrequencysynchronization eqpment and contains data on

the current time and date, statistitvalues of parameters of the rafence generator, deviation of GPS
scale from UTC scale (sEgble50). The size of thisiessage is 34 bytes.

Table50. Structure of7f2h messageéata fields

Parameter | Offsetting, -
NoO byte Type Description Value
1 0 FP80 | Current time from beginning
of week, ms
2 10 INT16S | GPS Week Number Starting from 22.08.1999
modulo 1024
3 12 INT8U | Time Scale Type 0- GLONASS Scale
1- GPS Scale
2- UTC (SU)
3- UTC
4 13 FP64 | Deviation of the Reference
Generator Period
5 21 FP64 | Current deviation of time
stamp from the true scale, ns
6 29 INT16U | GPS Scale Deviation from UT
Sale, sec
7 31 INT8U | Not used
8 32 INT16U | Not used
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6.3.20 Messager3h¢ Time Synchronization Opetang Mode

Thismessage is a responsettte request messag&éDh (MessagelDh¢ Setting of Operating Mode®r
Coordinates and Delay in then&énna Cablg Ths message is used in tind&frequency synchrozation

equipment. The message size is 11 bytes {sd#e51).
Table51. Structure of73h messagéata fields

Parameter | Offsetting, I
NoO byte Type Description Value
1 0 INT8S | Mode of Operation with 0 ¢ Dynamic
Coordinates 1 ¢ with fixed coordinates
2 ¢ with averaging
2 1 FP64 | Time Stamp Formation
Delay, ms
3 11 INT16S | Coordinates Averaging Time| 20to 1440
Minutes

Note: The dynamic mode is used by default and presupposes simultaneous calculation ofatesrand

time. The other two modes are recomndea for usein timing applications. The mode with fixed

coordinates is usedvhen the user knows the exact coordinates of the antenna installatiomhe

averaging mode presupposes preliminary estimation of antenna installation coordinates by way of

averaging the coordinates calculated by the reasivduring a pre-set period of time. Having

accomplished the averaging of coordinates, the receiving automatically switches over to the mode with

fixed coadinates.
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6.3.21 Message 74lt Time Scalé’arameters

This message isa response tothe request messagelEh (MessagelEhc Reqglest for Time Scale
Parameterg. Ths messagecontainsinformation on shifts between different time scales withvalidity
flags of tlem. The size of this message is 51 bytes (sd#e52).

Table52. Structure of74h messageéata fields

Parameter | Offsetting, I
NoO byte Type Description Value
1 0 FP80 | GPS scalshiftfrom the receier internal
time scale, ms
2 10 FP80 | GLONASS scalkift from the receier
internal time scale @3 I NRf Saa 2
offset), ms
3 20 FP80 | GPS Scakhiftfrom UTC Scale, msec
4 30 FP80 | GLONASS scahift from UTC(SU) scale, m
5 40 FP80 | GPS scalshiftfrom GLONASS scale
ONB Al NRf Sadsetgriis o K2
6 50 INT8U | Data validity flags
Bit Value
0 | GPS time igalid
1 | GLONASS timevaslid
2 | UTC time izalid
3 | UTC (SU) time ialid
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6.3.22 Message87h¢ Information on Receiver Channels

This message is a response the request messag@9h (Message839h¢ Request for Information on
Recelver Channelk The sizef thismessage data {20 * number of channe]dytes (se€lable53).

Table53. Structure oB87h messageata fields

Parilngeter Offés:gng, Type Description Value
1 0 INT8J) | Satellite system 1¢GPS
2 ¢ GLONASS
4 ¢ SBAS
8 ¢ Galileo E1b
2 1 INT8S | Number of Satellite for| 1- 32 for GPS
GPS and SBAS 120 138 for SBAS
Acarrier frequecyslot | 1. 35 tor GALILEO
numberfor GLONASS 7. +6 for GLONASS
2 INT8U | Signal/Noise Ratio
4 3 INT8U | Channel Status 0 ¢ Automatic Control
1 ¢ Manual Control
2 ¢ Being tested
3¢ Railure
5 4 INT16U Channel Status:
Bit Value
0 Signal/Noise Value Availability
1 Range and Doppler Availability
2 Smoothed Range Availability
3 Phase Availability
4 Digitization Availability
5 Bit Synchronization Availability
6 The type of sampler used:
0 ¢ Levelsensitive sampler (Wide)
1 ¢ Narrow
7 Reserved

8 Availability of Ephemerides

9 Almanac Availability

10 Reserved
11 GLONASH! flag

12 The measurements come inBVT calculation

13 The measurements were used”RVT calcation

14 Reserved
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15 The measurements are blocked by RAIM cheg
6 6 FP64 | The measured rang
within the code epoch
limits
7 14 FP32 | Doppler, Hz
8 18 INT16S | Pseudo Range Sign | 1¢ There is a digitization and
measurement of pseudo range
0 ¢ failure
1 ¢ No digitization, pseudo range
measurement is available
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6.3.23 Message88h¢ PVT ector

This message is a response tioe request messag 27h(Message€27h ¢ Request forPVTVector). This
message contains extrapolated coordtes, speeds, date, the time die calculatedcoordinates, the
root mean square error ahe coordinates, thé®?VTstatus (se€lable54). The size of thse messages is
69 bytes.

Table54. Structure of 88h messaghata fields

Parameter | Offsetting,

NoO byte Type Description Value

1 0 FP64 | Latitude, rad"

2 8 FP64 | Longitude, rad.

3 16 FP64 | Height, ni

4 24 FP32 | Root Mean Square Error of plane
coordnates, m

5 28 FP80 | Time of determination from beginning ¢
week, ms

6 38 INT16S | GPS Week Number

7 40 FP64 | Speed inérms of latitudé

8 48 FP64 | Speed in terms of longitude

9 56 FP64 | Speed in terms of altitude

10 64 FP32 | Deviation of the Reference Generat
Period, ms per second

11 68 INT8U Solution Status
Bit Value

0 | 0 ¢ No solution was obtained athe
previous interval

1 ¢ A solution was obtained at th¢
previous interval

1 |1 ¢ A 2D navigation mode was
obtained

2 | Reserved

3 | 1 ¢ Differential corrections were use
in the solution

4 |1 ¢ Confirmation of data by RAIN
check

5 |1 ¢ Mode of Operation with
Differential Corrections

6 | Reserved

7 | Not used

1 ¢ The delivery (readout) formafor GaussKruger SK or rectangular spatial coordinates systisn
described in the General Provisions.
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6.3.24 Message93h¢ Information about Usedand Blocked Satétes

This message is a response tite request messag85h (Message5h ¢ Request forinformation about
Used and BlockedSatellites). Ths message contains information on the statustb& Navigation fix
numbers of satellites used in théavigation fixnumbers and value of range errao$ blockedsatellites
(seeTalle 55).

Talle 55. Structure 0®3h messageéata fields

Parameter | Offsetting,
No byte

1 0 INT32U Solution Status
Bit Value

Type Description Value

Reliable Solution Obtained

2Dnavigation fixObtained

1Dnavigation fixObtained
Use of RTCM Correction

Solution passed RAIM check

Reference Station Mode

O~ W|IN|IFL|O

External data were used (for example, Barometric
altitude)

~

Anomaly found

8 Reserved

9 | GPS satellites used in tiNavigation fix
10 | GLOMSS satellites used in th&avigation fix
11 | SBAS satellites used in tNavigation fix

12 | GALILEO satellites used in tavigation fix

13 | SBAS corrections uséadthe Navigation fix

14 | GBAS corrections uséuthe Navigation fix

15 | The root mean square error of the coordinates
lower than the maximum allowable figure

16-31| Reserved

2 4 INT32U | GPS satellites being used
Each satellite has its corresponding bit in the word:

The @& bit corresponds to The*1PRN:; the 3% bit ¢ to the
32"PRN.

1 ¢ the satellite used in th®VT calculation
0 ¢ the satellite not used in th@VT calculation

3 8 INT32U | GLONASS satellites being used

Each satellite has its corresponding bit in the word:
The @ bit corresponds to The*IGLONASS bar
The 2% bit ¢ to the 24" GLONASS board.
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4 12 INT32U | SBAS satellites being used
Each satellite has its corresponding bit in the word.

The O bit corresponds to The 130PRN; the 18 bit ¢ to the
138" PRN.

The next fields are repeated for each extdd satellite

5 16 INT8U | Satellite Number 1-32¢ GPS
65- 88¢ GLONASS

6 17 FP32 Range Error, m
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6.3.25 MessageAlh¢ UsedGroup DelayTable

This message is a response tize request messag@&0h (MessageAOh¢ Request for Results @roup
Delay Calibratior) and contains information othe Group Delay (GOpble used in the receer. The
format of this message is given ifiable56.

Table56. Structure ofAlhmessagealata fields

Parilr(r)leter Oﬁgjigng, Type Description

1 0 INT8U | Response Type:
3! ¢ requestedGDtable
2 1 INT8U | Table No:
1* Default

3 2 FP32 | GDfor GLONASS witfi carrier numbemilliseconds
4 6 FP32 | GDfor GLONASS with carrier number milliseconds
5 10 FP32 GDfor GLONASS with carrier number milliseconds
6 14 FP32 GDfor GLONASS with carrier number milliseconds
7 18 FP32 GDfor GLONASS witB carriernumber, milliseconds
8 22 FP32 GDfor GLONASS witR carrier number milliseconds
9 26 FP32 GDfor GLONASS with carrier number milliseconds
10 30 FP32 GDfor GLONASS withd@arrier number milliseconds
11 34 FP32 GDfor GLONASS with €arrier number, milliseconds
12 38 FP32 GDfor GLONASS with €2arrier numbef milliseconds
13 42 FP32 GDfor GLONASS with €arrier number milliseconds
14 46 FP32 GDfor GLONASS with €drrier number milliseconds
15 50 FP32 GDfor GLONASS with €&rrier number, milliseconds
16 54 FP32 GDfor GLONASS with €érrier number milliseconds
17 58 FP32 | Reserved
18 62 FP32 | Reserved
19 66 FP32 | Reserved
20 70 FP32 | Reserved
21 74 FP32 | Reserved
22 78 FP32 | Reserved
23 82 FP32 | Reserved
24 86 FP32 | GDin the GP®ath, milliseconds

! ¢ Values of parameters differing from those given in the table are reserved for future use
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6.3.26 MessageA3h¢ User Coordinate System

Thismessage is a response the request messagé\2h (MessageA2h¢ Request for/Installation of
Coordnate System Parameteysand contains information othe uselQ éoordinate system. Theessage
format corresponds tdhe request message A2h.

6.3.27 MessageC2hg BINR Protocol Status Word

This message is a response te request messag®2h (MessageB2h¢ Request for/Setting of BINR
Protocol Operation Modg and contains the BINR protocol status word. The message format
corresponds tdhe request message B2h specifiedTiable30.

6.3.28 MessageE7h¢ Additional OperatingParameters

This message is a respsa to the request messageD7h (D7hc Setting of Additional Operating
Parameter}. Ths message deliveradditionaloperationparameters of the receer in compliancewith

the type of requested data. The message format corresponds to the request message and is specified in
Table31.
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6.3.29 MessageEBhg GLONASS Time Scale Parameters

This message is a response toe request mesageDBh (MessageDBhc Request for GLONASS Time
Scale Paramete)sinformation on GLONASS time scale parametersTab&57). The contents of the
data transmitted in this message correspattdGLONASS 5.1 document control index. The size of this
message data is 26 bytes.

Table57. Structure oEBh messagéata fields

Parameter | Offsetting, Tvpe Parameter Values
No byte yp Description
1 0 FP64 . Correction to GLONASS system ti
B scale in relation to UTC(SU)
Correction_. is given as of beginning
day No K.
2 8 FP32 Correction to deviation of GPS;£J and

-GPS

GLONASS {J system time scales
according to the followingequation

Tops Tol' N Les b

2KSNB pf A& | Yeeds¥
fractional part of divergence of tim
scales expressed in seconds.
b2GSay ¢KS Ayigan&
is determined by the GPS syste
navigational message.

3 12 INT16U N* Calendar number of a day inside a fo
year period beginning from a leap ye
G2 & KA Qdrectiol @fers and the
system almanac data (almanac of orb
and almanac of ples).

4 14 INT8U N, The number of a fouyear period. The
first year of the first fowyear period

Corresponds to year 1996.

5 15 INT8U Reliability of | 0 ¢ Parameters are not reliable
Parameters | ¢ g parameters are reliable
1-4

6 16 INT8U KP* The sign of expected second correcti
of the UTC scalby a value of +1 s.

7 17 FP32 B1** ¢KS plem a 2F 0K
N’ is measured in seconds.

8 21 FP32 B2** ¢KS npl¢m LI NFYSGES
measured in seconds over a mean Sg
day (sec/msd).

9 25 INT8U Reliability of | 0 ¢ Parameters are not reliable

Parameters | ¢ g parameters are reliable
6-8

* ¢ The KP sign is placed into the navigation frame no later than in 8 weeks prior to corré
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However, decision on a forthcoming correction may be taken earlier then in 8 weeks. That i
FNRBY GKS 0S3IAYYAYy3I 2F | ljdzrk NG SNE LINRA2NJ (2

made yet) is transmitted and, after the decision has been taken, one of the first signs of the
below is transmitted:

KP | Information on UTC second ection

00 | At the end of the current quarter, there will be no UTC

01 | At the end of the current quarter, there will be a correction
plus 1 s.

11 | At the end of the current quarter, there will be a correction
minus 1 s.

*c22NRA M FYR “H INB fAYSENI LRfey2YAlLT T
the global UT1 (the time of Greqnwich meridian corlsidering polev motiop) and coordinated
6! ¢/ o0{' 00 2F (GKS wC -UUQEWB ail yRINRY n'e¢wm
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6.4 Messags ContainingRaw Datadnformation

Raw dita (pseudorange, carrier phase and Dopplautput issupportedstartingfrom FW v02.04.

6.4.1 Message F4lq Request forRaw Data Output
Thismessage requestaw data output(seeTable58). The size of datield of this message is 1 byte.
The response to the request is represented by the following messages:

- 70h(Messager0Oh ¢ Software Versioh¢ sinde message

- 4Ah(MessagetAhc lonosphere Parametels; with an interval of 2 minutes;

- 4Bh (MessagetBh¢ GPS, GLON&Sand UTC Time Scales Paramgtersvith an interval of 2
minutes;

- F5h(Messagd-5h¢ Raw Datac with a requesed interval defined inmessage F4h;

- F6h(Messagd-6hc Geocentric Coordinates of an Antenna in \WB3SSyste¢ with an interval of 1
minute;

- F7h (Message-7h¢ Extended Ephemeris of Satellite3 ¢ with an interval of updating of
ephemerides.

Table58. Structue of F4h messagdata fields

Parameter | Offsetting, _
NoO byte Type Description Values
1 0 INT8U | Measurement Interval, 10 (by default)
in 100millisecond intervals 10*100ms = 1 sec
Example:

Request foraw data outputwith a measurement interval of 2 gends (20 intervals of 1Mms each):
10 F4 14 10 O3

| | | | | |
DLE ID 1 DLE ETX
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6.4.2 Message-5h¢ Raw Data

This message is a response tlee request messag€&4h(Message F4h Request forRaw Data Output).
This messagecontains raw data measurements: pseudorange, carrier phase, Doppler ands8&R
Table59). The size of the message data is [28 + (@0mber of chanels used)] bytes.

Table59. Structure ofF5h messagdata fields

Parameter | Offsetting,

NoO byte Type Parameter Description Values
1 0 FP64 | Time of measurementsns(UTC)

2 8 INT16U | Week Number

3 10 FP64 GPSUTCGime shift, ms

4 18 FP64 GLONASBTC timeshift, ms

5 26 INT8S | ReceiveilimeScale Correctigmms

RawMeasurements (the data provided are for one charwighe receivet)

6 27 INT8U | Signal Typé

7 28 INT8U | Satellite Number

8 29 INT8U | Acarriernumberfor GLONASS
9 30 INT8U | Signaito-Noise RatipdBHz

10 31 FP64 Carrier Phaseycles

11 39 FP64 Pseudo Range, ms

12 47 FP64 Doppler Frequency, Hz

13 55 INT8U | Raw Datd&lags

14 56 INT8U | Reserved

¢ The message contains measuremeatseceived satellites only.
% ¢ The signal type is determined by the mask:

0x01c GLONASS

0x02¢ GPS

0x04¢ SBAS

% ¢ Measurement Flags are determined by the mask:

0x01¢ Sgnal presen{tracking)

0x02¢ MillisecondpseudorangéDoppler Frequency Measuremenpresent
0x04¢ Pseudorangeneasurementsare smoothed

0x08¢ CarrierPhase measurements present

0x10c¢ Signatime is availablgfull pseudo range)

0x20¢ The preamblewas notdetected(half-cycle ambiguity for thearrierphase).This flag is
supportedstartingfrom NVO8C software versior2 @5.
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6.4.3 Message-6h¢ Geocentric Coordinates of an Antenna in W.8& System

This message is a response tioe request messag€é4h(Message F4h Request forRaw Data Output).
Message F6lkontainsGeocentric Coordinates of Antenna in W&BESwytem (seeTable60). The size of
data fields irthis message is 26 bytes.

Table60. Structure ofF6h messagdata fields

Parilr(r)leter Oﬁgjigng, Type Parameter Description Values

1 0 FP64 X, m

2 8 FP64 Y, m

3 16 FP64 Z,m

4 24 FP64 Root mean square erraf XL m

5 32 FP64 Root mean square erraf Yi m

6 40 FP64 Root mean square erraf Zt'm

7 48 INT8U Hagof user ggnamic S 2 E:tel;r;:i):riode
! ¢ Expected root mean square errfur eachcoordinatescomponent
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6.4.4 Messagd-7h¢ Extended Ephemerisof Satellites

This message is a response tioe request message FAMeEssage F4h Request forRaw Data Output).
This messagecontainsextended ephemeris of satellites (s@&ble60). The size of datéields of the

message is 138 bytes for GLONASS satellites and 93 bytes for GiR&ssate

Table61. Structure ofF7h messagdata fields

Parilrgeter Offgjigng, Type Parameter Description Values
1 0 INT8U | Satellite System Type 1cGPS
2 GLONASS
2 1 INT8U | Satellite Number
GPS Ephemeris
3 2 FP32 Gs,m Crs
4 6 FP32 Dn, radians/ms Dn
5 10 FP64 My, radians MO
6 18 FR32 G, radians Cuc
7 22 FP64 e E
8 30 FP32 C,s, radians Cus
9 34 FP64 JA, m¥2 SqrtA
10 42 FP64 toe, MS Toe
11 50 FP32 G. ., radians Cic
12 54 FP64 Wy, radians Omega0
13 62 FP32 Gs, radians Cis
14 66 FP64 ig, radians 10
15 74 FP32 Ge, M Crc
16 78 FP64 w, radans W
17 86 FP64 W, radians /ms OmegaR
18 94 FP64 IDOT radians /ms Ir
19 102 FP32 Tops MS Tgd
20 106 FP64 toc, Ms Toc
21 114 FP32 8, , ms/mg Af2
22 118 HP32 &1, ms/ms Afl
23 122 FP32 8, MS AfO
24 126 INT16U URA
25 128 INT16U IODE
26 130 INT16U IODC
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27 132 INT16U C/AORPONL2 CodelL2

28 134 INT16U L2 P DATA FLAG L2_Pdata_flag

29 136 INT16U WN WeekN
GLONASS Ephemeris

3 2 INT8S Carrier number

4 3 FP64 Xo(ty), M X, m

5 11 FP64 Yo(tp), m Y, m

6 19 FP64 z,(t), m Z,m

7 27 FP64 xj(t,), m/ms Vx, m/ms

8 35 FP64 Yi(tp) » m/ms Vy, m/ms

9 43 FP64 Z(t,), m/ms Vz, m/ms

10 51 FP64 xi( 1), m/ms? Ax, m/m$

11 59 FP64 yi( i) , m/ms? Ay, m/m$

12 67 FP64 z(%,), m/ms? Az, ming’

13 75 FP64 th,, MS

14 83 FP32 oh(tp)

15 87 FP32 ty(t,), ms

16 91 INT16U E

6.4.5 MessageD5h¢ Request for Bit Information Transmitted by Satellites

Thismessage requesutput of bit information transmittedby satellites (se&able62). The size of data
fields of this message is 1 byte. The response messadbei€5h (MessageE5he Bit Information
Transmitted by Satellitgs

Table62. Structure oD5h messagdata fields

Parameter | Offsetting, _
No byte Type Description
1 0 INT8U | 0¢ Disable ofbit data ouput
1 ¢ Ehableof bit data ouput
BExample:

Request folE5h message output
10 D5 01 10 O3
| | | | | |
DLE ID 1 DLE ETX
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6.4.6 MessageE5he Bit Information Transmitted by Satellites

This message is a response toe request messag®5h (MessageD5h¢ Request for Bit Information
Transmitted by Satellitgs Ths message contains completely received lines and-fsailmes for all
trackedsatellites.

In the case of request fobit information output, every second the receivathecksthe availability of
(GLONASShesand (GPS/SBAS)bframes thatare completely receivedt presentsecond Whenthey
are available, the recedv provides an output of a response E5h message containing @fllthe
completel received lines and stfibames for altrackedsatellites.

The format of this message is giverTible63.

Table63. Structure ofE5h messagdata fields

Parameter | Offsetting, I

NoO byte Type Description

1 0 INT8U | Number of dateblockstransmitted in a message (number
complete lines and suframes)

GLONASS Data

2 1 INT8U | The number of the channel that tracks the satellite

3 2 INT8U | SNS Type:
1 for GLONASS

4 3 INTSU | GLONASGarier number
-7to +6

5 4 INT32U | Time in the receier time scale, corresponding to th
moment ofcompletingthe reception of a dta bit line

6 8 INT8U[3] 85-bit (2-second) line of GLONASS data (without a t
mark and after removal of the 100Hzmeander
modulation)

GPS Data

2 1 INT8U | The number of the channel that traskatellite

3 2 INT8U | SNS Type:
2 for GPS

4 3 INTSU | GPS Satellite Number:
1to 32

5 4 INT32U | Time in the receir time scale, corresponding to th
moment ofcompletingthe receptionof a bit data sudrame

6 8 INT8U[10] An array containing a 3eit (6-second) GPS sdtame
Each 37position word contains 30 bits of data. TMSBof
each word contains the®1bit of a 30bit word cantained in
the subframe. TwoLSBwf each word are ot used (they
contain two high bits of the following 36it word).

SBAS Data
2 1 INTSU The number of the channel that tracks the satellite
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3 2 SNS Type:
INT8U
4 for SBAS
4 3 SBAS Satellite number
INT8U
0to 18 (0 corresponds to SBAS #120)
5 4 INT32U Time in the receigr time scale, corresponding to th
moment ofcompletingthe reception of a bit data suframe
6 8 An array containing a 25it (6-second) SBAS stitame

The MSBof the T 32-bit word contains the ¥ bit of the
INTSUIS] subframe, the MSBof the ?"d 32-bit word ¢ the 33 bit of

the subT NI Y S M%Bofitte 8" 32-bit word cantains the
225" bit of the subframe; 6LSB®f the 8" 32-bit word are
not used.

Note: The @mrameters 26 inthe ESh message are repeated for all satellfimswhich accumulation of a
data lines/sub-frames have beencompleted The overall number of such satellites is determined by the
first parameter in a message.
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6.5 Assisted Messages

The Assisted mod®f the receivercan beusedto reduce theTime to First Fixo enhance sensitivity of
signalacquisitionsas well as to provide a differential operating mode. Assisted dattendedto be
loadedfrom a NVSserver. hwever,the samemessages may bgreparedby the userto interface to
third-party assisted dataervices

Activation/deactivation of the Assisted mode is performed via a control mesBagéMessageD7h¢
Setting of Additional Operating ParameteBatatype = 9). In response to this messageery second

the receiver provides output ol6Fhresponse message, containimgdarmation on parameters which are
required by the receiver for fastsignalsearch andNavigation fix Differential correctiondata isnot
requestedin the 6Fh messagbut whenthe Assisted Modés activated, ths data may be transmitted to
the receivemwithout request and they will be used automatically

The following messagese supported in the Assisteddde:

62h (Messages2hc Ephemerid. It contains information on ephemeris for GPS and GLONASS
satellites;

63h (Messageéb3hc Almanag. It contains information 0 an almanac for GPS and GLONASS
satellites;

64h (Messageés4hc lonosphere Parameteyslt contains information on an ionosphere model;

65h (Messages5h¢ Time Scalek It cantains information on GRBTC andsLONASBTC(SU) time
scalegparameters

69h (Messages9h ¢ Differential Correctionks It is supposed for sending dfifferential corrections
into a receiver forboth GPS and GLONASS satellites;

6Ah(MessagesAh ¢ Reference Locatignit contains information oapproximateuserlocation;

6Bh(MessageéBhc Reference Timke It contains information on the current time.
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6.5.1 MessagebFhg Request for Assiste®ata

This messageprovidesinformation onthe parameters and dataequired by the receiver for fagignal
search andNavigation fix Ths message idransmitted every second wh AssistedMode activated
(MessageD7hc Setting of Additional Operating Parametedata type = 9).

The message contains 7 bytes of data (Eekle64).
Table64. Structure oB6Fh messagdata fields

Parameter | Offsetting, -
NoO byte Type Description Values
= 2 (by default)
1 0 INT8U | Request Flag Ctl3 @IfdSa 20KS
reserved.
Bit Value
0 Request for Reference
Location
1 Request for Reference Time
2 Requesfor lonosphere
Parameters
3 Request for Time Scales
2 1 INT16U | Requestd Data Parameters
4 Request for GLONASS
Almanac
5 Request for GPS Almanac
6 Request for GLONASS
Ephemeris
7 Request for GPS Epheriger
8+15 | Reserved
3 3 INT32U | Reserved

Note: Differential correctiondata in message 6Fis not requested, but wen the Assisted Modés
activated, thisdata may be transmitted to the receivevithout a request and they will be used
automatically
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6.5.2 Messages2h ¢ Ephemeris

This message isisedto sendinf2 NY' I GA2y 2y D[ hb! {{ FyR Dtwdiwerdal G4S
This message contains information on ephemerides for one satellite only. The structuressbgee62h

is shownin Table65. The size of datof the message is 54 bytes for GPS ephemeris and 34 bytes for
GLONASS ephemeris.

Table65. Structure o62hmessagalata fields

Parameter No %gf:?g?g Type Description Value
1 0 INT8U | Type of Ephemerides 1CGPS
2 GLONASS
GPS Ephemerides
2 1 INT8U | PRN-1
3 2 INT8U | Status 0 (by default)
Three Subdrames of GPS Ephemerides
The First Subrame of GPS Ephemerides
4 3 (24) 10-bit WN WN
5 (34) 2-bit C/AORP ON L2 CodeL2
6 (36) 4-bit URA INDEX URA
7 (40) 6-bit SV HEALTH Health
8 (46) >-bit IODCp(Ot\gli(;Jiglrgmrder
9 (48) 1-bit L2 P DATA FLAG
10 (49) 87-bit Reserved
11 (136) 8-bit Tep Tgd
12 (144) 8-bit IODC (8 lovorder postions)
13 (152) 16-bit toe Toc
14 (168) 8-bit 3, A2
15 (176) 16-bit 3 Afl
16 (192) 22-bit 8o AfO
17 (214) 2-bit t
The Second Sdbrame of GPS Ephemerides
18 (216) 8-bit |IODE
19 (224) 16-bit Gs Crs
20 (240) 16-bit Dn Dn
21 (256) 32-bit Mo MO
22 (288) 16-bit Cic Cuc
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23 (304) 32-bit e E
24 (336) 16-bit Gs Cus
25 (352) 32-bit JA SqrtA
26 (384) 16-bit toe Toe
27 (400) 1-bit FIT INTERVAL FLAG
28 (401) 5-bit AODO
29 (406) 2-bit t

The Third SulFrame of GPS Ephemerides
30 (408) 16-bit Ge Cic
31 (424) 32-bit W, Omega0
32 (456) 16-bit Gs Cis
33 (472) 32-bit i 10
34 (504) 16-bit Ge Crc
35 (520) 32-bit w W
36 (552) 24-bit W OmegaR
37 (576) 8-bit IODE
38 (584) 14-bit IDOT Ir
39 (598) 2-bit t

GLONASS Ephemerides

4 3 (24) INT8U PRN-1
5 4 (32) 3-bit B, Bn
6 (35) 7-bit ty Toe
7 (42) 22-bit to(ty) Tau
8 8 (64) 11-bit () Ganma
9 (75) 5-bit Dt deltaTau
10 10 (80) 5-bit E, =
11 (85) 2-bit P1 P1
12 (87) 1-bit P2 P2
13 11 (88) 2-bit M M
14 (90) 27-bit X(ty) Px
15 (117) 24-bit Xi(to) Vx
16 (141) 5-bit Xi( ) Ax
17 (146) 27-bit Yo(to) Py
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18 (173) 24-bit Yito) Vy

19 (197) 5-bit Yi(tin) Ay

20 (202) | 27-bit Z( %) Pz

21 (229) | 24bit Zi( %) Vz

22 (253) 5-bit Zi() Az

23 (258) 14-bit Reserved
1 ¢ GPS ephemerides are represented as threefsaimes packed into one bit line without che
sums and without the first two words in each sirxame.
¢ Data for GLONASSearepresentedin the form of 8consecutiveINT32Utype words. During
reception, wordsshould be sequentially buffered and then correspondingbit fields should be
extracted
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6.5.3 Messages3h¢ Almanac

This message isisedto send GPSand GLONASS | (i S f Ifnanact® 4h@ redeier. The structure of

message 63h ishownin Table66.

Table66. Structure ob3hmessagealata fields

Parameter No %gtsgt(tgl]g Type Description Value
1 0 INT8U Almanac Type 1CGPS
2 GLONASS
GPS Almanac
Week Nimber, starting
2 1 INT8U WN from 22.08.1999modulo
1024
Further goes N entry for every Satellite
3 2 + N*25 INT8U datalD
4 3 + N*25 INT8U PRN
5 4 + N*25 INT16U e E
6 6 +N*25 | INT8U toq Toa
7 7 + N*25 INT16U di Deltai
8 9 + N*25 INT16U W omegaR
9 11 + N*25 INT8U SV HEALTH Health
10 12 + N*25 24-bit JA SqrtA
11 15 + N*25 24-bit W Omegal
12 18 + N*25 24-bit Mg MO
13 21 + N*25 24-bit w W
14 24 + N*25 | 11-bit Y AfO
15 11-bit 3 Afl
GLONSS Almanat
Further goes N entry for every Satellite
3 1+ N*20 11-bit NA Na
4 5-bit n? PRN
5 5-bit DHA, Ha
6 21-bit 1A, Lambda
7 21-bit th tlambda
8 18-bit Di*, deltai
9 22-bit DT, deltaT
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10 7-bit DT, RdeltaT

11 15-hit et E

12 16-bit wh, W

13 10-bit th Tau

14 1-bit G, Cn

15 2-bit M,2 M

16 16-bit Reserved
!¢ Data for GLONASS are transmitted in the form afoBsecutivelNT32Utype words. During
reception, words should besequentially buffered and then corresponding bit fields should
extracted.

6.5.4 Messageb4hclonosphere Parameters

This message isisedto sendionosphere modeinformation to the receier. The structure of message
64h isshownin Table67. The size oflata inthis message is 9 bye

Table67. Structure o64hmessagalata fields

Parameter No Oﬁs)e;:;ing, Type Description Value
1 0 INT8U Model Type 1¢GPS
2 1 INT8S a, Alpha[0]
3 2 INT8S a, Alpha[1]
4 3 INT8S a, Alpha[2]
5 4 INT8S as Alpha([3]
6 5 INT8S bo Beta[0]
7 6 INT8S b, Beta[1]
8 7 INT8S b, Beta[2]
9 8 INT8S b, Beta[3]

Note: Parameters of ionosphere have the same format in which they are transmitted in a navigation
signal.
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6.5.5 Messages5h¢ Time Scale®arameters

This message isisedto sendGPSUTC ad GLONASSTC(SU) time scalegarametersto the receiwer.
The structure of message 65hsisownin Table68. The size of datan the message is 14 bytes for GPS
parameters and 13 bytes for GLONASS paranset

Table68. Structure o65hmessagalata fields

Parameter No %gtsgt(tgllg Type Description Value

1 0 INT8U Type of Parameters 1cGPRUTC

2 GLONASBTC
GPSUTC

2 1 24-hit A

3 4 INT32S Ay

4 8 INT8U tor

5 9 INT&J WN

6 10 INT8S Dt s

7 11 INT8U WN

8 12 INT8U DN

9 13 INT8S Dt, o

GLONASBTC(SU)

2 1 (8) 11-bit NA

3 (19) 32-bit te

4 (51) 11-bit B1

5 (61) 10-bit B2

6 (63) 2-bit KP

7 (65) 30-bit Reserved
!¢ Data for GLONASS is transmitted in the form ofoBisecutive INT32type words. During
reception, words should be sequentially buffered and then corresponding bit fields shou
extracted.

Note: The parameters of recalculation dfime scalesdata has the same formatas the data of
transmitted in a naigation signal.
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6.5.6 Messagesohc Differential Corrections

Thismessage isisedto senddifferential correctionsof GLONASS and GPS satellites ta¢leeiver.The
structure of message 69h #hownin Table69. The size oflata inthe message is [3 + (13 * number of
saellites)] bytes.

Table69. Structure o69hmessagalata fields

Offsetting,

Parameter No byte (bit) Type Description Value
. 1¢GPS
1 0 INT8U | Type of Corrections
2 GLOMSS
2 1 INT16U | Time of Corrections Seconds within an hour

Further goes N entry for every Satellite of the System

3 3+ N*13 INT8U PRN

4 4 + N*13 INT16U 10D

5 6 + N*13 INT16U UDRE, cm
6 8 + N*13 FP32 PRC, m
7 12 + N*13 FP32 RRC, m/s

6.5.7 MessagebAh ¢ Reference Location

This message is designed to ent@pproximate)reference locatiorinformation into the receier. The
structure of message 6Ah is represented @ble70. The size of this nssage dat is 14 bytes.

Table70. Structure oB6Ahmessagealata fields

Parilrgeter Oﬁz)eltgng, Type Description Value
1 0 24-bit | Latitude in WGS4* B, radians
2 3 24-bit | Longitude in WG84? L, radians
3 6 INT16S | Altitude aboveEllipsoid, m
4 8 INT16U | RMSfor latitude, m
5 10 INT16U | RMS folongitude, m
6 12 INT16U | RMS foraltitude, m

! ¢ Latitude is recalculated into an integer by the following formula:
VALUE =B * 2723 /90
The integer value is representeda 24bit signed number.

? ¢ Longitude is recalculated into an integer by the following formula:
VALUE =L * 2723 / 360
The integer value is representeda 24bit signed number.
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6.5.8 MessagecBh¢ Reference Time

This message isisedto sendthe current timeto the receier. Thestructure ofthe 6Bhmessage is
shownin Table71. The size of datan the message is 7 bytes for tinflag 1 or 2 (paraeter 1) and 10
bytes for timeflag 10.

Table71. Structure oB6Bhmessagealata fields

Parameter | Offsetting, -
NoO byte Type Description Value
1¢GPS
1 0 INT8U | Timeflag 2¢UTC
10¢ Extended UTC
Starting of 22.08.1999
2 1 INT16U | Week Number modulo 1024
3 3 INT32U | Week Time, ms Otoc nnm QY1 nQn
4 7 INT16S |[[ 9!t {9/ hb5 {2
Root Mean Square Errd
S 9 INT8U of the Time Being Set Oto®

Compliance of parameter 5 value with the value of the root mean square error of the time is
determined by the table:

Parameter 5 0 1 2 3 4 5 6
Value

Root Mean 0.1s 1s 100 s 1000 s 10000 s 60000 s | 600000 s

Square Error
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Abbreviations and Legend

GF Geometric FactqgrDilution of Precisio(DOP)

LSB Least significant bit
MSB Most significant bit

RRD Radio Receiving Device

RMS Root Mean Square Error

CS Coordinate System
CRC Cyclic Redundancy Code
COM RS$232C Biirectional serial interface

FDE Failure Detection and Elimination

GDOP | Spatial and Temporal Geometric Fadiilution of Precision)

HDOP Horizontal Geometric Fact@Dilution of Precision)

RAIM Receiver Atonomous Integrity Mnitoring
TTFF Time to First Fix

VDOP Vertical Geometric Factor (Dilution of Precision)

uTC Universal Time Coordinate in relationttte Greenwich meridian

UTC (SU) | Secondary Universal Time Coords@JTC) in relation to Moscoviriie Zone
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AppendixA

A.1 Structures of Types of Data with a Floating Point

A.1.1 Legend
MSB¢ most significant bit,
LSE; least significant bit,

Denormalized number, a number different from zero, an exponent thereof has a minimum value and
the first signiftant bit has a zero floatingoint coefficient.

NaN (not a number infeasible value of a number.

A.1.2 Short Precision Number Type

A FP3zype 4byte (32bit) number is subdivided into three fieldsgsign bit, eg offset exponent, Mg
floating point oefficient remainder

1 8 23

S e M
MSB| LSB MSB LSB

The value of this number is found through the following expressions:

If 0 < e <255, theralue = ( -)° @' ( (8] M+§3);

lfe=0andf 0, thenvalue = ( -}° @*° ( Kb 23) (denormalized numbers);
If e =0and f=0, themalue=( -)° G

If e =255 and f = 0, thevalue=( -1° ;
If e =255 and f 0, then value = NaN.

A.13 Double Accuracy Number Type
A FP64ype 8byte (64bit) number is subdivided into three fields:

1 11 52

S e M

MSB| LSB MSB LSB

The value of this number is found through the following expressions:

If 0 < e 2047, thervalue = ( -3° &% ( (8) M+f2);

lfe=0andf 0, thenvalue= (-}° &% ( KD ﬁz) (denormalized numbers);
Ife=0andf=0, theralue=( -)° G;

If e = 2047 and f = 0, therlue=( -1° ;
If e = 2047 and f O, then value = NaN.
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A.14 Enhanced Accuracy Number Type
A FP8aype 10byte (80bit) number is subdivided into fadields:

1 15 1 63
S e i M
MSB | LSB MSB LSB

The value of this number is found through the following expressions:

If 0 < e < 32767, thewalue = ( -}° @33 ( 0 Méj

lfe=0andf 0, thenvalue = ( -}° &% ( Kb ?3) (denormalized numbers);
If e =0 and f=0, thervalue=( -3° G

If e =32767 and f = 0, theralue:( -])S :

If e = 32767 and f 0, then value = NaN.
Field | equals 1 exceit caseswhen all the other bits are zero.
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A.2 CRC Calculation Program Using abgiBit Method

Fora 16bit CRCcalculationthe individual bits of a message acensequently combineihto a single
binary number Values of the bits of this numbere considered as coefficientd the data polynomial

Prior tothe division operation, the data polynomial shall be muItipIte)d<16. This provideshe addition
of 16 zeo bits at the endof polynomid. Then the data polynomial is divided by thenerative(seed)
polynomial.In practice a binary XOR operation is usestead of division. Addition of 16 bite data
polynomialis necessary in order to make all thigs of the message go through divisioperation. It is
alsoimportant to note that, in terms of software implemeation, a polynomial is used simply as @ 1
bit value 1021h.

Below there is a program in-€dde,which calculates albf the CRC values for numbers from 0 to 255
and records themnito a file. A tablecalculated bythis program is used in the tabhlgorithm of CRC
calculation(see below)

#include <stdio.h>
#define CRC_POLY 0x1021
int crc16bit(unsigned char c)
{

int crc=0;

intj;

CrCc=c;

crc=crc<<s;

for(j=0;j<8;j++)

{

if (crc&0x8000) crc=(crc<<1)*CRC_POLY;
else crc=crc<<1;

}
return (crc&OxFFFF);
}
int main()
t
int i;
FILE *fcrc=fopen(“crc.txt","w");
for(i=0;i<256;i++)

fprintf(fcre,"0x%04X,",crc16bit(i));
if (1((i+1)%11)) fprintf(fcrc," \ n");

fclose(fcre);
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A.3. A Program of CRC Calculation Using a Tabular Method

From the point of view of calculaiy speed the most effective method is the tabulanethod. In the
tabular algorithm, 8MSB<f the CSccumulatorare combinedusing a XOR operation witlurrent data
byte. As a result, an intermediatealueis obtained which is often referred to @mbined valueThen
CRC is calculated for thesmbined valugusing a table), which is thesombinedwith the LSB of the
accumulaor in order to obtain a new CS.

Below there isGcodeexample whictcontainst Yy & F RR @/ w/ ¢ ¥ dzy O (i payamétets Ol f
the function uses previously calculat€5(CS=0 for first processed byte) and next byte of processed
data frame

unsigne d short Table_ CRC[256]={
0x0000,0x1021,0x2042,0x3063,0x4084,0x50A5,0x60C6,0x70E7,
0x8108,0x9129,0xA14A,0xB16B,0xC18C,0xD1AD,0xE1CE,OXF1EF,
0x1231,0x0210,0x3273,0x2252,0x52B5,0x4294,0x72F7,0x62D6,
0x9339,0x8318,0xB37B,0xA35A,0xD3BD,0xC39C,0xF3FF,0xE 3DE,
0x2462,0x3443,0x0420,0x1401,0x64E6,0x74C7,0x44A4,0x5485,
OxAB56A,0xB54B,0x8528,0x9509,0xE5EE,0xF5CF,0xC5AC,0xD58D,
0x3653,0x2672,0x1611,0x0630,0x76D7,0x66F6,0x5695,0x46B4,
0xB75B,0xA77A,0x9719,0x8738,0xF7DF,0xE7FE,0xD79D,0xC7BC,
0x48C4,0x58E5 ,0x6886,0x78A7,0x0840,0x1861,0x2802,0x3823,
0xC9CC,0xD9ED,0xE98E,0xF9AF,0x8948,0x9969,0xA90A,0xB92B,
Ox5AF5,0x4AD4,0x7AB7,0x6A96,0x1A71,0x0A50,0x3A33,0x2A12,
0xDBFD,0xCBDC,0xFBBF,0xEB9E,0x9B79,0x8B58,0xBB3B,0xAB1A,
0x6CA6,0x7C87,0x4CE4,0x5CC5,0x2C2  2,0x3C03,0x0C60,0x1C41,
OXEDAE,0xFD8F,0xCDEC,0xDDCD,0xAD2A,0xBD0B,0x8D68,0x9D49,
0x7E97,0x6EB6,0x5ED5,0x4EF4,0x3E13,0x2E32,0x1E51,0x0E70,
OxFF9F,0xEFBE,0xDFDD,0xCFFC,0xBF1B,0xAF3A,0x9F59,0x8F78,
0x9188,0x81A9,0xB1CA,0xA1EB,0xD10C,0xC12D,0xF14E,0xE1 6F,
0x1080,0x00A1,0x30C2,0x20E3,0x5004,0x4025,0x7046,0x6067,
0x83B9,0x9398,0xA3FB,0xB3DA,0xC33D,0xD31C,0xE37F,0xF35E,
0x02B1,0x1290,0x22F3,0x32D2,0x4235,0x5214,0x6277,0x7256,
OxB5EA,0xA5CB,0x95A8,0x8589,0xF56E,0xE54F,0xD52C,0xC50D,
0x34E2,0x24C3, 0x14A0,0x0481,0x7466,0x6447,0x5424,0x4405,
OxA7DB,0xB7FA,0x8799,0x97B8,0XxE75F,0xF77E,0xC71D,0xD73C,
0x26D3,0x36F2,0x0691,0x16B0,0x6657,0x7676,0x4615,0x5634,
0xD94C,0xC96D,0xF90E,0xE92F,0x99C8,0x89E9,0xB98A,0xA9AB,
0x5844,0x4865,0x7806,0x6827,0x18C0 ,0X08E1,0x3882,0x28A3,
0xCB7D,0xDB5C,0xEB3F,0xFB1E,0x8BF9,0x9BD8,0xABBB,0XxBB9A,
0x4A75,0x5A54,0x6A37,0x7A16,0x0AF1,0x1ADO0,0x2AB3,0x3A92,
OxFD2E,0xEDOF,0xDD6C,0xCD4D,0xBDAA,0xAD8B,0x9DES8,0x8DC9,
0x7C26,0x6C07,0x5C64,0x4C45,0x3CA2,0x2C83,0x1CEO0,0x0CC 1,
OXEF1F,0xFF3E,0xCF5D,0xDF7C,0xAF9B,0xBFBA,0x8FD9,0x9FF8,
Ox6E17,0x7E36,0x4E55,0x5E74,0x2E93,0x3EB2,0x0ED1,0x1EFO0};

/I crc T CS battery value (0 T at the first call)
Ilc i data byte

void add_CRC(unsigned short int *crc,unsigned char c)
{

unsigned  short int cval=((*crc>>8)"c)&0xff;
*crc=(*crc<<8)"Table_CRCJcval]; // new CRC

}
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A.4 Coordinate Extrapolation Algorithm

Let us designate the usBVTvector at the moment of t0 afX,Y,Z,vx,Vy,{zwhere:

X X Y% | NB (K She &CES bubrdinat® 8ystediR A YV 1S&a Ay

VX, Vy,VZ i KS dza SNRa &LISSR Ay GKS 9/9C O22NRAYI GS &

The following vector is taken as the extrapolai@dFvectorof the user at the moment of t1:
[X,Y,Z,Vx,Vy,}{iz:[ X,Y,Z,Vx,\}’t\g,v-{z Vx,Vy,E)]gUO(Gﬂ) -10).
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APPENDIX B

B.1NVO8C Default Settings

Genera Parameters

Working Satellite Navigation System GLONASS+GPS+SBAS
The value of a minimum satellite height mask starting fr| 5

which search and tracking will be performed

The minimum Signal/Noise Ratio for use in navigation 12

The maximum value of éhroot mean square error at whic 200 meters
calculated coordinateshall be deemed valid

Solution Filtration Factor 3
EnablingDisablingto use satellites for solution of a nagtgpn Allin-view

task

TimeZone uTC

BINR Protocol Operating Mode Without CSprotection

Operating Parameters:

/| 2yadzySNRa al EAYdzZy t28aA6f § 50 m/&
Navigation Task Solutidrate 1Hz

Pseudo Range Smoothing Interval 100 sec

TimePulse (PPSpntrol

Programmed, positive polarity,
duration 1 ms, adjustmerg UTC,
always available regardless of
whether theNavigation fixs
reliable or not

Antenna Cable Temporary Delay

0

Navigation Task Operation Mode

Priorities of Satellite Systems

At first, GLONASS+GPS shall b
captured, and then SBAS.

Mode of Operation wittDifferential Corrections

RTCM shall besedautomatically
and SBAS upaequest.

Mode of Operation with Atmospheric Corrections

usedautomatically

Current Status of the Receiver Channels

Automaticsearch and tracking

These settings areffectiveto FWv02.05 and may vary for different FW version.
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