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1 Introduction 
This document describes how to communicate with the MTi / MTx directly on low-level 
basis. The communication which is based on messages enables the user to change the 
configuration of the MTi / MTx and retrieve the output data. 
 
The configuration settings are all user-settable. Examples are sample frequency, in- & output 
synchronization, baudrate and output modes. The different output modes enable the user to 
change the output data to the one that is preferred.  
 
Configuration changes are executed in the so-called Config State. In this state the MTi / MTx 
accepts messages that set the output mode or other settings. Whenever the preferred 
configuration is set the user can set the MTi / MTx into the Measurement State. In this state 
the MTi / MTx start output the data based the current configuration settings. The MTi / MTx 
states are discussed in the chapter 2.  
 
The messages used in Config / Measurement state are described in chapter 3. First the generic 
format of a message is explained. After this the messages all described per State.  
Chapter 3.3 gives some examples of how to change the configuration and shows some of the 
possibilities of the MTi / MTx.The last chapter gives a quick overview of the MTi / MTx 
messages with a short description, see chapter 4. 

2 States 
The MTi / MTx has two states, i.e. Config and Measurement State. In the Config State 
various settings can be read & written and in the Measurement State the MTi / MTx will 
output its data message which contains data dependent on the current configuration. 
 
There are two different ways to enter the Config State or the Measurement State. At power-up 
the MTi / MTx starts the WakeUp procedure and it will send the WakeUp message. If no 
action is taken the device enters the Measurement State. But if the WakeUpAck message is 
sent within 500ms after reception of the WakeUp message the MTi / MTx enters the Config 
State. Just before entering the Measurement State, the Configuration message is sent to 
the host. This is the configuration that is read from the internal memory and will be used in 
the Measurement State. Another way to enter the Config or Measurement State is to use the 
GoToConfig or GoToMeasurement messages while the other state is active. 
 

Power-up

MeasurementConfig

WakeUp
Procedure

WakeUpAck
received

No WakeUpAck
received
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2.1 Config State 
Config State is used to get and/or set various settings of the MTi / MTx. Most of the settings 
will change the configuration which defines the device functionality in Measurement State. 
Settings that change the configuration are for example the sample period, output mode or 
synchronization properties.  
 
At power-up all settings are read from non-volatile memory. Settings changed in Config State 
are immediately stored in the memory and will retain their latest values even if the device is 
disconnected from power. Some messages have an additional parameter that specifies whether 
or not the new values should be stored in non-volatile memory. Either way, the setting 
changes are direct. There is one exception, namely the baudrate setting. The new setting will 
be used at the next power-cycle or after a reset. 
 
See chapter 3 for more information about messages. 

2.2 Measurement State 
In Measurement State the MTi / MTx will output its data to the host in a way depending on 
the configuration settings defined in Config State. A single message, MTData,  is used for all 
different output modes. It is therefore important that the host knows how the device is 
configured. The configuration depends for the data must be interpreted. A special message, 
Configuration, contains the relevant information which with the data received by the 
host in Measurement State can be unambiguous interpreted. When logging MTData messages 
it is advisable to include the Configuration message in the data for future analysis.  
 
If the host does not respond to the WakeUp message at power-up (or after a reset) the MTi / 
MTx will automatically enter the Measurement State. Just before entering the state it will send 
the Configuration message. The configuration settings are all read from the non-volatile 
memory and are used during the measurement. The default configuration of the MTi / MTx is 
shown in the following table. 
 

Property Value 
Output mode Orientation output 
Output settings Orientation in quaternion mode 

Sample counter 
Sample frequency 100 Hz 
Baudrate 115k2 bps  
Output skip factor 0 
SyncIn Disabled 
SyncOut Disabled 

 
Measurement State is normally not used to change any settings. However, there is one 
exception. The SetFilterParameters message can also be used during the 
measurement to dynamically adjust the filter parameters used to calculate the orientation. To 
change other settings the device must enter the Config State and the user must first send the 
GoToConfig message.  
 
See chapter 3 for more information about messages. 
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3 Messages 

3.1 Message structure 
The communication with the MTi and MTx is done by messages which are built according to 
a standard structure. The message has two structures; one with a standard length and one with 
extended length. The standard length message has a maximum of 254 data bytes and is used 
most frequently. In some cases the extended length message needs to be used if the number of 
data bytes exceeds 254 bytes. 
 
An Xbus message (standard length) contains the following fields: 
 

PREAMBLE ADDRESS MID DATA CHECKSUMLEN
 

 
An Xbus message (extended length) contains these fields: 
 

PREAMBLE ADDRESS MID DATA CHECKSUMLENext
EXT LEN

 

 
Preamble 
Every message starts with the preamble. Thi 50 (=0xFA). 
 
Address 
All messages used for the MTi and MTx use the address value 255 (0xFF) indicating a 
“master device”. 
 
Message Identifier (MID) 
This m  identifies the kind of ible 
messages see chapter 3.3. 

Field Field width Description 
Preamble 1 byte Indicator of start of packet    250 (0xFA) 
Address 1 b Address value                        255 (0xFF) yte 
MID 1 byte Message identifier 
LE 1 b Fo

   Value equals num
   Maximum value is 254 (0xFE) 
Fo
   Field value is always 255 (0xFF) 

N yte r standard length message: 
ber of bytes in DATA field.  

r extended length message: 

EX  2 b 16 bit value representing the number of data 
bytes for extended length messages. Maximum 
value is 2048 (0x0800) 

T LEN ytes 

DA
(standard length) 

0 – 254 bytes DaTA  ta bytes (optional) 

DATA  
(extended length) 

255 – 2048 
bytes 

Data bytes 

Checksum 1 byte Checksum of message 

s field always contains the value 2

essage field message. For a complete listing of all poss
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Length (LEN)  
Specifies the number of data bytes in the D ssage. If value 
255 (=0xFF) is specified the message will be interpreted as an extended message length and 
the nex es are used e A field. If zero, no DATA 
field ex
 
Extend h (EXT L
This field is a 16 bit value representing the number of data bytes in the DATA field of an 
extended length message. 
 
Data (D
This field contains the data byte which is specified in the Length 
or Extended Length field. The interpretation of the data bytes is message specific, i.e. 
depending on the MID value the meaning of the data bytes is different. See the description of 
the specific message for more details about the data bytes. 
 
Checksum 
This fi for com tion err
preamble are summed and the lower byte valu ero, the message is valid 
and it may be processed. The checksum value of the message should be included in the 
ummation. 

a message with a certain MID value will be replied with a message with a MID 

s not exist. In some cases an error message will be returned (MID = 66 
the previous message has invalid parameters, is not valid, or 

vice ID of a MTi / MTx: 

ID =  0xFA 0xFF 0x01 0x04 HH HL LH LL CS (hexadecimal values) 

cksum is CS). As you can see the MID (Message ID) of the 
cknowledge message is increased by one in comparison with the sending message ReqDID. 

 that sets the output mode 
). The difference between the two messages is that the Length field of 

ReqOutputMode is zero and non-zero for SetOutputMode.  

ATA field for standard length me

t two byt
ists. 

 for the numb

EN) 

r of bytes in the DAT

ed Lengt

ATA) 
s and it has a variable length 

eld is used munica or-detection. If all message bytes excluding the 
e of the result equals z

s

3.2 Message usage 
Generally, 
value that is increased by one, i.e. the acknowledge message. Depending on the message type 
the acknowledge message can have a data field (no fixed length) or not. If nothing is specified 
he data field doet

(0x42)). This occurs in case 
could not be successfully executed. An error message contains an error code in its data field. 
 

xample E
Requesting the de
 
Sending message:  
   ReqDID =  0xFA 0xFF 0x00 0x00 0x01 (hexadecimal values) 
Receiving message (= Acknowledge): 
  Device 

 
The requested Device ID is given in the acknowledge message DeviceID (here shown as: 
HH HL LH LL, the che
a
 
Some messages have the same MID and depending on whether or not the message contains 
the data field the meaning differs. This is the case with all the messages that refer to 
changeable settings. For example, the MID of message requesting the output mode 
(ReqOutputMode) is the same as the message
(SetOutputMode
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sage:  
   ReqOutputMode =  0xFA 0xFF 0xD0 0x00 0x31 (hexadecimal values) 

ledge): 

et the output mode: 

  SetOutputMode =  0xFA 0xFF 0xD0 0x02 MH ML CS (hexadecimal values) 
(= Acknowledge): 

al values) 

DATA n/a 

fig 
0) 

n/a 
i / M
rem

e 
ig State to confirm that Config State is currently the active state.  

DATA n/a 
To MTi / MTx 

Valid in Config State 

 
Example 
Request current output mode: 
 
Sending mes

Receiving message (= Acknow
   ReqOutputModeAck =  0xFA 0xFF 0xD1 0x02 MH ML CS (hexadecimal values) 
 
ReqOutputModeAck contains data which represents the current mode (= MH & ML). CS 
stands for the checksum value. To change the output mode you must add the new mode in the 
data field of the sending message: 
 
S
 
Sending message:  
 
Receiving message 
   SetOutputModeAck =  0xFA 0xFF 0xD1 0x00 0x30 (hexadecim

3.3 Message listing 

3.3.1 WakeUp + State messages 
WakeUp    
 MID 62 (0x3E) 
 
 Direction To host 
 Valid in WakeUp procedure 
 
At power-up or after issuing a reset this message is sent to the host. If the host sends 
WakeUpAck (MID 63 (0x3F)) within 500ms after reception of this message, the MTi / MTx 
enters the Config State else Measurement State.  
 
GoToCon
 MID  48 (0x3
 DATA 
 Direction To MT Tx 
 Valid in Measu ent State & Config State 
 
Switch the active state of the device from Measurement State to Config State. This messag
can also be used in Conf
 
GoToMeasurement 
 MID  16 (0x10) 
 
 Direction 
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t 
he measurement. 

0) 
 DATA n/a 
 

 Measurement State 

i / MTx to reset and to activate the WakeUp 
 be send to confirm reception of the Reset message. 

.3.2 I tion

Direction To MTi / MTx 
Config State 

fier (or serial number). MTi / MTx  acknowledges by 

eviceID    

ig State 

 Data field contains device ID / serial number.  

nitB  
MID 2 (0x02)  

 use the same message for MTi / MTx as for the 
er with the InitBusResults message. For the MTi / 

e fu qDID.   

nitBusResults    

 Direction To host 
 

ield contains device ID / serial number and 
al values). 

Switch the active state of the device from Config State to Measurement State. The curren
configuration settings are used to start t
 
Reset   
 MID 64 (0x4

Direction To MTi / MTx 
 Valid in Config State &
 

the MTSending this message will cause 
procedure. A acknowledge message will

3 nforma al messages 
ReqDID    
 MID 0 (0x00)  
 DATA n/a 
 
 Valid in 
 
Request to send the device identi
sending the DeviceID message. 
 
D
 MID 1 (0x01)  
 DATA IDHH IDHL IDLH IDLL (4 bytes)  
 Direction To host 
 Valid in Conf
 
Acknowledge of ReqDID message.
 
I us   
 
 DATA n/a 
 Direction To MTi / MTx 
 Valid in Config State 
 

rThis message is suppo ted so the host can
XbusMaster. The device will answ
MTx it has the sam nctionality as Re
 
I
 MID 3 (0x03)  
 DATA IDHH IDHL IDLH IDLL (4 bytes)  

Valid in Config State 
 
Acknowledge of InitBus message. Data f

e bottom of the device (hexadecimcorresponds to the S/N number on th
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MID 18 (0x12)  

Tx 

device. MTi / MTx  acknowledges by sending 
essa

   
MID (0x13)  

 

age. Data field contains firmware code (major, minor, 

eqDataLen    

Data message based on the current 
essage. 

ataL  
MID  

he data field contains DATALENGTH, an 
al to the data length of the MTData message send in 

 bas  configuration. 

rror 

ORCODE (1 byte) 

nt State 

 in he ERROR field. 

 
ReqFWRev   
 
 DATA n/a 
 Direction To MTi / M
 Valid in Config State 
 
Request to send the firmware revision of the 
FirmwareRev m ge. 
 
FirmwareRev 
 19 
 DATA MAJOR MINOR REV (3 bytes)  
 Direction To host 
 Valid in Config State 
    
Acknowledge of ReqFWRev mess
revision part). 
 
R
 MID 10 (0x0a)  
 DATA n/a 
 Direction To MTi / MTx 
 Valid in Config State 
    

he MTRequest the length of the data field of t
configuration. The device acknowledges with the DataLen m
 
D en   
 11 (0x0b) 
 DATA DATALENGTH (2 bytes)  
 Direction To host 
 Valid in Config State 
 
Acknowledge of ReqDataLen message. T
unsigned 16 bits value that is equ
Measurement State ed on the current
 
E
 MID 66 (0x42) 
 DATA ERR
 Direction To host 
 Valid in Config & Measureme
 
Indicate that an error has occurred. Error type is specified  t
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e i e type of error. See table. 

n 

ERRORCODE 
A one-byte valu ndicating th
 

ERRORCODE Error descriptio
3 (0x03) Period sent is not within valid range 
4 (0x04) Message sent is invalid 

30 x1E) Timer ove
cy

(0 rflow, this can be caused to high sample 
 or sending to much data to MTi / MTx 
asurement 

frequen
during me

32 ( sent is not within valid range 0x20) Baudrate 
33 (0x21) Parameter sent is invalid or not within range 

 

3.3.3 Device-specific messages 

 x 
Valid in te 

rate    

 

 RS-422). The 
ew baudrate will be stored in non-volatile memory and will become active after a reset or 

power cycle.  
 
BAUDRATE 
See table for the different baudrates and the corresponding value of BAUDRATE. The default 
baudrate is 115k2 bps. 
 

Baudrate (bps) BAUDRATE 

ReqBaudrate    
 MID 24 (0x18)  
 DATA n/a 
 Direction To MTi / MT
 Config Sta
    
Request the baudrate of the device. See SetBaudrate for data field description of the 
received acknowledge. 
 
SetBaud
 MID 24 (0x18)  
 DATA BAUDRATE (1 byte) 
 Direction To MTi / MTx 
 Valid in Config State 
 
This message changes the baudrate of the communication interface (RS-232 or
n

921k6 128 (0x80)
460k8 0 (0x0)
230k4 1 (0x1)
115k2 2 (0x2)

76k8 3 (0x3)
57k6 4 (0x4)
38k4 5 (0x5)
28k8 6 (0x6)
19k2 7 (0x7)
14k4 8 (0x8)
9k6 9 (0x9)
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de    

DATA n/a 
 Dir T
 Valid in g
 
Request the curren data field of 
received acknowledge. 
 
SetErrorMod

MID 218 (0xDA)  
 DATA ERRORMODE (2 bytes)  
 

. 

E is bit value that defines how the device should deal with 

ReqErrorMo
 MID 218 (0xDA)  
 

ection To M i / MTx 
Confi  State 

t error mode - see SetErrorMode for information about 

e    
 

Direction To MTi / MTx 
 Valid in Config State 
 

ORMODESet the error mode to a specific ERR
 
ERRORMODE 
The ERRORMOD an unsigned 16 
errors. The default error mode is that in case the sampling instance is missed the sample 
counter is increase and no further action is taken (ERRORMODE = 1). 
 

ERRORMODE Description 
0 (0x0000) Ignore any errors 
1 (0x0001) Error message is n n

 missin
ot se t 
g sampling instance: increase sample In case of

counter 
2 (0x0002) Error message is sent 

In case of missing sampling instance: increase sample 
counter 

3 (0x0003) Error message is sent and the device will enter the 
Config State (if in Measurement State) 

 
ReqLocationID    
 MID 132 (0x84)  

DATA  
 

n/a 
Dir T

 Valid in g
 
Request location ID etLoc ID for information about data field of received 
acknowledge message
 
SetLocationID  
 MID x84) 
 DATA D (2 b  
 Direction Ti / MT
 Valid in 

ection To M
 

i / MTx 
 SConfi tate 

- see S ation
. 

  
132 (0  
LOCI ytes) 
To M x 
Config State 
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Set a user-defined value. This value can be

  MT0101P.A 
 

10

 used to give the device a location dependant 

OCID
 16 bit ing a ue set by the user. Default value is zero. 

(0x0e)  
DATA n/a 

 this m ent actory defaults are restored. All settings that 
be d object alignments, filter settings, etc.  

eqSyncInSettings    
214 (0xD6)  

Request the e ttings of the device, i.e. mode, skip factor or offset. 
The requested s e AM value. See SetSyncInSettings for 
description of the data field of the received acknowledge.  
 
PARAM 
PARAM define should be returned by the acknowledge 
message. See following table
 

PAR

identifier. 
 
L  
A  value hav n arbitrary val
 
RestoreFactoryDef 
 MID 14 
 
 Direction To MTi / MTx 
 Valid in Config State 
 
If essage is s  to the MTi / MTx the f

 ing have changed will iscarded includ

3.3.4 Synchronization messages 
R
 MID 
 DATA PARAM (1 byte) 
 Direction To MTi / MTx 
 Valid in Config State 
 

 one of the curr nt SyncIn se
etting is sp cified by the PAR

s which of the SyncIn settings 
. 

AM value Setting 
0 (0x00) SyncIn mode 
1 (0x01) Skip fa tor c
2 (0x02) Offset 

 
SetSyncInSettings    

UE (1+x bytes)  
Direction To MTi / MTx 

P  field with the value specified with the VALUE 
i / MTx with external hardware. Both the MTi 

that can be connected to other hardware, like a 
Ti nd MTx User Manual (and Technical 

 MID 214 (0xD6)  
 DATA PARAM VAL
 
 Valid in Config State 
 
Set a SyncIn setting defined by the ARAM
field.  Use SyncIn to synchronize the MT
(standard version) and MTx have an input pin 
high-precision clock generator. See M a
Documentation) for more information about the SyncIn pin. 
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M value (1 byte) indicates which SyncIn setting will be set. The VALUE field, 
hich can be either two or four bytes long, defines the new value of the setting. See table for 

ent PARAM values. 

PARAM 
The PARA
w
the differ
 

PARAM value Setting 
0 (0x00) SyncIn mode 
1 ( x01) Skip factor 0
2 (0x02) Offset 

 
V  - SyncIn mode ALUE

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0Bit #

R R R R R R R R R R R R

 
 

PARAM VALUE Description 
0  SyncIn mode (2 bytes) 
 Bit 1-0 Trigger mode 
 00 = Sync In mode disabled (default) 
  01 = Rising Edge 
 10  = Falling Edge 
  11 = Reserved 
 Bit 3-2 Trigger type 
  00 = ADC sampling (incl sending of MTData) 
  01 = Sending of latest output data 
 Bit 15-4 Reserved 

 
VALUE – Skip factor 

ed 16 bit value that defines how many times the trigger should be skipped before 

PARAM VALUE Description 

An unsign
actually trigger the device.  
 

1  Skip factor (2 bytes) 
 r value Bit 15-0 Skip facto

 
VALUE – Offset 

 clock ticks to delay the triggering after a 
 MHz = 33.9ns. 

An unsigned 32 bit value that defines the number of
valid detection. One clock tick is equal to 1 / 29.4912
 

PARAM VALUE Description 
2  Offset (4 bytes) 
 Bit 31-0 Offset value 
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cOutSettings    

i 
Valid in Config State 

 
Request the one of tings of the MTi, i.e. SyncOut mode, skip factor, 
offset or pulse wi  setting is specified by the PARAM value. See 
etSyncOutSett r ption of the data field of the received acknowledge.  

 should be returned by the acknowledge 

a ett

ReqSyn
 MID 216 (0xD8)  
 DATA PARAM (1 byte) 
 Direction To MT
 

the current SyncOut set
dth. The requested 

S
 

ings fo  descri

PARAM 
PARAM defines which of the SyncOut settings
message. See following table. 
 

PARAM v lue S ing 
0 (0x00) SyncOut mode 
1 ( Skip0x01)  factor 
2 (0x02) Offset 
3 (0x03) Pulse width 

 
SetSync utSet ings  
 MID xD8
 DATA ARAM VA
 Direction MTi 

Valid in Sta

utput pin that can be connected to other hardware which can be 
ynchronized with the MTi. See  

Document r orm cOut pin. 
 

ARAM 
 (1 byte) indicates which SyncOut setting will be set. The VALUE field, 

a ett

O t   
216 (0 ) 
P LUE (1+x bytes)  
To 

 Config te 
 
Set a SyncOut setting defined by the PARAM field with the value specified with the VALUE 
field.  Use SyncOut to synchronize other external hardware with the MTi. Only the standard 
version of the MTi has an o

MTi and MTx User Manual (and Technical
ation about ation) fo  more inf the Syn

s

P
The PARAM value
which can be either two or four bytes long, defines the new value of the setting. See table for 
the different PARAM values. 
 

PARAM v lue S ing 
0 ( ync0x00) S Out mode 
1 ( ip0x01) Sk  factor 
2 ( ffs0x02) O et 
3 (0x03) Pulse width 

 
VALUE - SyncOut mode 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0Bit #

R R R R R R R R R R R

 
 
See the next table for the description of the SyncOut mode bits. 
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PARAM VALUE Description 
 de (2 bytes) 0 SyncOut mo

  MT0101P.A 
 

13

sabled (default) 
 = Toggle mode 
= Pulse mode 

 Skip factor 

e SyncOut pin state. The internal trigger instance is based on 
e sampling period set by SetPeriod. 

 
PARAM  

 Bit 3-0  
 = SyncOut mode di  0000

 0001 
  0010 
 Bit 4 Polarity 
  0 = Negative pulse 
  1 = Positive pulse 
 Bit 15-5 Reserved 

 
VALUE –
An unsigned 16 bit value that defines how many times the internal sampling instance should 
be skipped before changing th
th

 VALUE Description
1 tor (2 bytes)  Skip fac
 ip factor value Bit 15-0 Sk

 

ticks to delay the SyncOut state-
qual to 1 / 29.4912 MHz = 

3.9ns. 

scription 

VALUE – Offset 
An unsigned 32 bit value that defines the number of clock 

. One clock tick is echange after the internal sampling instance
3
 

PARAM VALUE De
2  Offset (4 bytes) 
 Bit 31-0 Offset value 
    Valid range is 0 & 513 (0x00000201) and higher 

 
VALUE – Pulse width 
An unsigned 32 bit value that defines the pulse width when SyncOut mode is set to Pulse 

ode. The pulse width is specified in ticks and one tick is equal to 1 / 29.4912 MHz = 33.9ns. m
 

PARAM VALUE Description 
3  Pulse width (4 bytes) 
 Bit 31-0 Pulse width value 
     Valid range is 0 & 1700 (0x000006A4) and higher 

 

3.3.5 Configura  
ReqConfigura

MID 

equest the configuration settings of the device. Can be used for logging purposes - include 
ings for offline processing of 

e data. 

tion messages
tion    

 
 

12 (0x0c)  
DATA n/a 

 Direction To MTi / MTx 
 Valid in Config State 
    
R
the Configuration message in the log file to store the sett
th
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Configuration  
 MID 0d) 
 DATA GUR
 Direction host 
 Valid in ig Sta
   
Acknowledge of Re Configur . Data field contains the current 
configuration of the MTi / MTx. 

offset lengt
(B

ption 

  
13 (0x  

ATION (118 bytes)  CONFI
To 
Conf te 
 
q ation message

 
CONFIGURATION 
The CONFIGURATION data contains the following information. For more information about 
the different fields check the corresponding message description. 
 

h field descri
(B) ) 

0 4 Master device ID 
4 am2 S pling period 
6 2 Output skip factor 
8 2 Syncin settings - Mode 

10 2 Syncin settings - Skip Factor 
12 4 Syncin settings - Offset 
16 8 String with format YYYYMMDD (can be set by host) 
24 8 Time with format HHMMSSHH (can be set by host) 
32 32 Reserved (host) 
64 32 Reserved (client) 
96 um (0x0001)) 2 N  of sensors ( = 1 
98 evi4 D ce ID (same as master device ID) 

102 2 Data length of MTData message 
104 2 Output mode 
106 4 Output settings 
110 8 Reserved 

 
ReqPeriod    
 MID ) 
 DATA 
 Direction  / M

Valid in ig Sta

Reques Ti / MTx replies with ReqPeriodAck. The data 
or the description of the data field see 

 
es)  

ampling period of the device used in Measurement State.  

4 (0x04
n/a 
To MTi Tx 

 
 

Conf te 

t the current sample period. The M
field of this message contains the sample period. F
SetPeriod.   
 
SetPeriod 
 MID 4 (0x04) 
 DATA PERIOD (2 byt
 Direction To host 
 Valid in Config State 
 
Sets the s
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e length of the period. Resolution is in 
 s ows the default, minimum and 

Sampling 

 
PERIOD 

e ing thPERIOD is an unsign d 16-bit value indicat
(1/115200) seconds, i.e. 8.68 us. The following table h
maximum values. 
 

PERIOD Value 
period (freq) 

Default 1152 (0x0480) 10.0ms (100Hz) 
Minimum 225 (0x00E1) 1.95ms (512Hz) 
Maximum 11520 (0x2D00) 100ms (10Hz) 

 
The MTi / MTx outputs the MTData at a rate that is not only depending on the sampling 
requency but also on the OutputSkipfactor (see SetOutputSkf

fa
ipfactor). Normally this 

ctor is zer th t nt (1 / sampling period) times per second. A 
value higher than zero corresponds to how m ny times the MTData message is NOT sent to 
the host. To calcu e how t  sent to the host, use the following formula. 
 
 MTData equen ( ERIOD * (OutputSkipfactor + 1)) 
 
For the MTi / M sampl  are not setable directly. The device 
standard uses 1 z as w
OutputSkipfactor (see Se ies can be set. 
For example, if Per  the device will 
automatically se e sam s (100Hz) and the OutputSkipfactor to 1. The 
resulting sampli eriod 1 ) = 20ms (50Hz). If the sampling 
period can not b de (O eriod will return an error 
message. In th e, cho e  an integer OutputSkipfactor to 
generate the r ted fr u ample, to have a resulting sampling period of 
13.33ms (75Hz the sam ling period to 6.67ms (150Hz) and the OutputSkipfactor to 1. 
 

x 

equest how many times the data output is skipped before sending the data in the MTData 

pfactor    
212 (0xD4)  

 bytes) 
n 

et the output skip factor.  

o and e MTDa a message is se
a

lat  of en the MTData is

 fr cy Hz) = 115200 / (P

Tx e frequencies lower than 100Hz
00H lo est sampling frequency. However in combination with the 

utputSkipfactor message) lower frequenctO
Set iod is sent with a sampling period of 20ms (50Hz),
t th plin

 
g period to 10m

ng p is 0ms * (OutputSkipfactor + 1
e ma utputSkipfactor is not an integer), SetP

is cas os  a lower sampling period with
eques eq ency. For ex
) set p

ReqOutputSkipFactor    
 MID 212 (0xD4) 
 DATA n/a 
 Direction To MTi / MT
 Valid in Config State 
 
R
message to host. For information about data field of received acknowledge see 
SetOutputSkipFactor. 
 
SetOutputSki
 MID 
 DATA SKIPFACTOR (2  
 Directio To MTi / MTx 
 Valid in Config State 
 
S
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KIPFACTOR 
ctor is an unsigned 16 bit value and is by default zero. The value represents how 

 running at 200Hz but the data is send at a rate of 40Hz (NOT 50Hz!!). See 
lso SetPeriod for more information about the relationship between the sampling period 

and output skip factor.  
 
If SKIPFAC et to F), sent to the host and ReqData can 
be use to req Da n

S
The skip fa
many times the data output is skipped (running at the current sampling frequency) before the 
next MTData message is sent. I.e. at sample period of 5.0ms (200Hz) and a skip factor of 4, 
the measurement is
a

TOR is s  65535 (0xFFF  no data will be 
. uest an MT ta message at a  arbitrary time

 
SKIPFACTOR Description 
≠ 65535 (0xFFFF) Skipfactor value 
65535 (0xFFFF) Do not send MTData automatically 

 
 
eqOutputMode R

 MID 208 (0xD0)  
 DATA n/a 
 Direction To MTi / MTx 
 Valid in Config State 
 
Request the current output mode. See SetOutputMode for information about data field of 
the received acknowledge. 
 
SetOutputMode 
 MID  208 (0xD0) 
 DATA MODE (2 bytes) 
 Direction To MTi / MTx 
 Valid in Config State 
 
Sets the output mode of the MTi / MTx. The output mode can be set to calibrated sensor data 

w data output however can not be used together 

ODE 

and/or orientation data. The un-calibrated ra
with any of the other outputs.  
 
M

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0Bit #

R R R R R R R R R R R R R

 
 

MODE bits Output mode 
Bit 1 Calibrated data 
Bit 2 Orientation data 
Bit 14 Un-calibrated raw data (not in combination with 

d/or orientation data) calibrated sensor data an
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ettings    

put settings. See SetOutputSettings for information about data 
eld of received acknowledge.   

MID  210 (0xD2) 
 DA TIN  
 Dir i
 Val ig S

f the MTi / MTx.. 

ReqOutputS
 MID 210 (0xD2)  
 DATA n/a 
 Direction To MTi / MTx 
 Valid in Config State 
 
Requests the current out
fi
 
SetOutputSetings 
 

TA SET GS (4 bytes)
ection To MT  / MTx 
id in Conf tate 

 
Sets the output settings o
 
SETTINGS 

Reserved

7 6 5 4 3 2 1 0

R R R RReserved Reserved

B 24 23 - 1 15 - 8it # 31 - 6  

SETTINGS bits  Settings 
 

Bit 1-0 Timestamp output 
    00 = No timestamp 
    01 = Sample Counter 
Bit 3-2 Orientation Mode 
    00 = Quaternion 
    01 = Euler angles 
    10 = Matrix 

 

3.3.6 Data-related messages 
ReqData 
 MID  52 (0x34) 

DATA n/a 
Direction To MTi / MTx 

his message can be used to ask the MTi / MTx to send data to the host. Normally, the MTi / 
MTx will se t tomatically according to the sampling period & output 
skip factor settings. If however, the OutputSkipFactor is set to 65535 (0xFFFF) the MTi / 
MTx will no  the MT the user sends ReqData.  
 
TData 

MID  50 (0x32) 
 DATA DATA (length variable) 
 Direction To host 
 Valid in Measurement State 
 

 
 
 Valid in Measurement State 
 
T

nd the MTDa a message au

t send Data except if 

M
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This message contains the output data depending 

ta outp
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on the current Output Mode & Output 
uts but the order of outputs is always the 

isabled outputs must be omitted): 
ibra ut 

rated
3. Orientation data output 

an no  be use  together with calibrated and/or orientation data 
lains the data values of each output. 

re described separately here. 
lue is 4 bytes long and corresponds with the single-

recision -point

n-calibrated raw data output of the accelerations, rate of turn and magnetic field 
the analog-digital converter readings of the 

oat values but 16 bit unsigned integer values. 

  

settings. The data field can contain multiple da
same. The following order is used (d

1. Un-cal ted raw data outp
2. Calib  data output 

4. Sample counter 
 

n-calibrated raw data output c t dU
output. The following text exp
 
DATA  

n m All the different outputs aThe data can contai ultiple outputs. 
 vaIf not specified otherwise each data

 floating  value as defined in the IEEE 754 standard (= float). p
 

n-calibrated raw data output mode (20 bytes) U
Contains the u
in X, Y & Z axes. These values are equal to 
internal sensors. The data values are NOT fl
 

acc1 acc2 acc3 gyr1 gyr2 gyr3 mag1 mag2 mag3 temp
 

 
 
Calibrated tput mod
Contains the alibrated data o rations, rate of turn and magnetic field in X, 
Y & Z axes in floats. 
 

 

data ou e (36 bytes) 
 c utput of the accele

 
accX accY accZ gyrX gyrY gyrZ magX magY magZ

 
 

ata output mode – quaternion (16 bytes) 
ternions, in floats, that represent the orientation of the MTi 

 

Orientation d
Contains the q0, q1, q2 and q3 qua
/ MTx 
 

q1 q2 q3q0
  
 
Orientation data output mode – Euler angles (12 bytes) 
Contains the three Euler angles, in floats, that represent the orientation of the MTi / MTx 
 

  
roll pitch yaw
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umentation) for the 
interpretatio
 

Orientation data output mode – Matrix (36 bytes) 
Contains the rotation matrix (DCM), in floats, that represents the orientation of the MTi / 
MTx. See MTi and MTx User Manual (and Technical Doc

n of the data values. 

  
a b c d e f g h i

 

 that is increased for each 
ansmission of the MTData message. If its maximum value is reached, i.e. 65535 (0xFFFF), 

 
Sample counter (2 bytes) 
The (optional) sample counter is a 16 bit unsigned integer value
tr
it will wrap and start at zero again. See also SetErrorMode for the relation between the 
sample counter and the error mode.  
 

  
TS

eqHeading    
 MID 

 n/a 
 To MTi / MTx 

Valid in Config State 

. 

130 (0x82)  
HEADING (4 bytes)  

ets the heading with the value specified in data field.  
 

ting-point number (4 bytes). 

MID 136 (0x88)  

on To MTi / MTx 
Config State 

Requests initial tracking mode - see SetInitTrackMode for information about data field 
of received acknowledge message. 
 

 
 

3.3.7 Filter messages 
R

130 (0x82)  
 DATA

Direction 
 
 
Request the current heading setting - see SetHeading for information about data field of 
received acknowledge
 
SetHeading    
 MID 

DATA  
 Direction To MTi / MTx 
 Valid in Config State 
 
S

HEADING 
EADING is a sinH gle-precision floa

 
ReqInitTrackMode    
 
 DATA n/a 
 Directi

Valid in  
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MTx 
Valid in Config State 

 

SetInitTrackMode    
 MID 136 (0x88)  
 DATA TRACKMODE (2 bytes)  
 Direction To MTi / 
 

Set the device to en- or disable the initial tracking mode. 
 
TRACKMODE 
A two byte value that defines whether or not the initial tracking mode should be enabled 
 

TRACKMODE Description 
0 (0x0000) Disable king mode  initial trac
1 (0x0001) Enable initial tracking mode 

 
StoreFilt t

MID 
erS ate    

138 (0x8A)  
n/a 

 i / MTx 

s in non-volatile memory. If InitTrackMode is 
used. 

eqFi ram    

Tx 
rement State 

by PARAM which is used to calculate the 
rmat of this message and/or receiving 

tF ters (the store field is not included in the data field). 

ld be returned by the acknowledge 

 
 DATA 

Direction To MT
 Valid in Config State 
 
Store the gyroscope bias & magnetometer bia
disabled only the magnetometer bias is 
 
R lterPa eters 
 MID 160 (0xA0)  
 DATA PARAM (1 byte) 

Direction To MTi / M 
 Valid in Config State & Measu
 
Request to send a filter parameter defined 
orientation. For more information about data field fo
acknowledge see Se ilterParame
 
PARAM 
PARAM defines which of the FilterParameters shou
message. See following table. 
 

PARAM value Setting 
0 (0x00) Gain 
1 (0x01) Magnetometer weighting factor 

 
SetFilterParameters    

ERDATA STORE (1+4+1 bytes)  
Direction To MTi / MT

 MID 160 (0xA0)  
 DATA PARAM FILT
 x 
 Valid in Config State & Measurement State 
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Set the filter parameters. Use the STORE value t

r s alwa
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o store the parameter into non-volatile 
ys returned. After a reset or power cycle, 

e filter er that E set will be used. 

he PARAM value (1 byte) indicates which Filter parameter will be set. The FILTERDATA 
 different PARAM values. 

M value Setting 

memory or not. When equested, latest value i
th  paramet  has been saved with STOR  
 
PARAM 
T
field defines the new value of the setting. See table for the
 

PARA
0 (0x00) Gain 
1 (0x01) Magnetometer weighting factor 

 
FILTERDATA - Gain 
The value is ecision ytes) which defines the filter gain.   a single-pr  floating-point number (4 b
 

PARAM VALUE Description 
0 Gain (4 bytes)  
 Bit 31-0 Gain value (float) 
     Valid range is <0.01 ; 50.0]  

 
DATA – ghting factor FILTER  Wei

The value is a single-precision floating-point number (4 bytes) which defines the 
magnetometer weighting gain.  
 

PARAM VALUE Description 
1 Magnetomet er weighting factor (4 bytes) 
 Bit 31-0 Weighting factor value (float) 
     Valid range is [0.0 ; 10.0> 

 
S  TORE
This single byte specifies whether the filter parameter should also be stored in non-volatile 
memory. Either way, the new parameter value is directly used in the calculations. But after a 
power-cycle or a reset the parameters that are stored in non-volatile memory are used. You 
can not store the parameter in non-volatile memory while in Measurement State. 
 

STORE Description 
0 (0x00) Do not store the parameter in non-volatile memory 
1 (0x01) Store parameter in non-volatile memory (only in Config State) 

 
ReqAMD 
 MID 

DATA 

st bances. For more 
format ata eived acknowledge message see SetAMD. 

   
162 (0xA2)  

 n/a 
 Direction To MTi / MTx 
 Valid in Config & Measurement State 
 
Request whether or not the MTi / MTx should adjust for magnetic di ur
in ion about d format of the rec
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Direction To MTi / MTx 
alid in Config & Measurement State 

AMDSETT
A two-byte value that en- or disables the AMD functionality. Default value: disable AMD. If 
the setting will be st e state is Config State. 

SetAMD    
 MID 162 (0xA2)  
 DATA AMDSETTING (2 bytes)  
 
 V
 
Set whether or not the MT is adjusting for magnetic disturbances   
 

ING 

ored in non-volatile memory if the activ
 

AMDSETTING Description 
0 (0x0000) Disable AMD 
1 (0x0001) Enable AMD 

 
ResetOr ntat on    
 MID A4

DATA ESET (2 
 

 resets are supported see next tabel. For more information 
bout the t see  

Document f y i ct RESET value the 
current setti will be l e becomes active the 
‘old’ settings are used. 

ATIONRESET 

ie i
164 (0x )  

 R bytes)  
 Direction To MTi / MTx
 Valid in Config State & Measurement State 
 

eset the orientation. DifferentR
a differen

ation). I
resets 

 and onl
MTi and MTx User Manual (and Technical

f, this message is sent with the corre
se the next time the Measurement Statng  saved or e

 
ORIENT
A two-byte value indicating which reset to perform during Measurement State. To store the 
present settings enter the Config State and send the same message again with RESET equal to 
zero. 
 

ORIENTATIONRESET Description 
0 (0x0000) Store current settings (only in config mode) 
1 (0x0001) Heading reset 
2 (0x0002) Global reset 
3 (0x0003) Object reset 
4 (0x0004) Align reset 
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d essages. For more information about the 
se of th  see

Direction Description 
62 (0x3E) To host The device sends this message at power- 

fter WakeUp 
else 

Measurement State 
GoToConfig To MTi/MTx Device enters config state 
GoToConfig Device acknowledges GoToConfig message 
GoToMeasu To MTi/MTx Device enters measurement state 

Device acknowledges GoToMeasurement 
message 
Reset device 
Acknowledgement of Reset message 

 

or 
compatibility of Xbus Master users) 

3 (0x03) To host Same as DeviceID message 
18 (0x12) To MTi/MTx Host requests firmware revision of device 

its 

ta 
message 

DataLen 11 (0x0b) To host Contains the number of data bytes of the 
MTData message 

Error x
 
Device-specific messages (Section 3.3.3) 
 
Message MID Description 
ReqBaudrate 24 (0x18 Requests current baudrate of the serial 

communication 
ReqBaudrateAck 25 (0x19) To host Device returns baudrate of serial 

communication 
SetBaudrate 24 (0x18) To MTi/MTx Host sets baudrate of serial communication 
SetBaudrateAck 25 (0x19) To host Device acknowledges SetBaudrate message 
ReqErrorMode 218 (0xDA) To MTi/MTx Request error mode 
ReqErrorModeAck 219 (0xDB) To host Device returns error mode 
SetErrorMode 218 (0xDA) To MTi/MTx Host sets error mode 
SetErrorModeAck 219 (0xDB) To host Device acknowledges SetErrorMode 

message 
ReqLocationID 132 (0x84) To MTi/MTx Request location ID 

4 Message R ference Listin
This chapter gives a quick reference of all the vali m
u e messages  chapter 3. 
 
WakeUp & State messages (Section 3.3.1) 
 
Message MID 
WakeUp 

up or reset 
WakeUpAck 63 (0x3F) To MTi/MTx If received within 500ms a

device enters Config State 

48 (0x30)
Ack 49 (0x31) To host 
rement 16 (0x10)

GoToMeasurementAck 17 (0x11) To host 

i/MTx Reset 64 (0x40) To MT
ResetAck 65 (0x41) To host 

 
Informational messages  (Section 3.3.2) 
 
Message MID Direction Description 
ReqDID 0 (0x00) To MTi/MTx Host request device ID of the device 
DeviceID 1 (0x01) To host Device acknowledges request by sending its

ID 
InitBus 2 (0x02) To MTi/MTx Request device ID of the device (f

InitBusResults 
ReqFWRev 
FirmwareRev 19 (0x13) To host Device acknowledges request by sending 

firmware revision 
ReqDataLen 10 (0x0a) To MTi/MTx Request the number of data bytes in MTDa

66 (0 42) To host Error message 

Direct
) To MTi/MTx 

ion 
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ReqLocationIDAck 133 (0x85) To host Device returns location ID 

Tx Host sets location ID 

x0e) To MTi/MTx Restore factory defaults 
RestoreFactoryDefAck 15 (0x0f) To host Device acknowledges RestoreFactoryDef 

message 

zation messa Sectio
 
Message MID Direction  

ttings 2

ReqSyncInSettingsAck 215 (0xD7) To host In setting 
tings 2

sAck 2  

2
mode, skip factor, offset or pulse 

utSettingsAck 2
SetSyncOutSettings 216 (0xD8) To MTi Host sets a SyncOut setting 

t Device acknowledges SetSyncOutSettings 
message 

Configuration messages  3
 
Message MID Direction cription 

figuration 1

1 evice 

 
SetPeriod 4 (0x04) To MTi/MTx  period (10-500Hz) 

 
ReqOutputSkipFactor 212 (0xD4) To MTi/MTx ow many times the data output is 

rAck 2 utputSkipFactor 
SetOutputSkipfactor 212 (0xD4) To MTi/MTx Host sets OutputSkipFactor 

Device acknowledges SetOutputSkipfactor 
message 

Mode 0xD0) x nt output mode 
eAck 

208 (0x  mode 
k 2

ttings 2
sAck 2

gs gs 
ck 

 

SetLocationID 132 (0x84) To MTi/M
SetLocationIDAck 133 (0x85) To host Device acknowledges SetLocationID 

message 
RestoreFactoryDef 14 (0

 
Synchroni ges ( n 3.3.4) 

Description
ReqSyncInSe 14 (0xD6) To MTi/MTx Request a SyncIn setting of the device, i.e. 

SyncIn mode, skip factor or offset 
Device returns Sync

SetSyncInSet 14 (0xD6) To MTi/MTx Host sets a SyncIn setting 
SetSyncInSetting 15 (0xD7) To host Device acknowledges SetSyncInSettings

message 
ReqSyncOutSettings 16 (0xD8) To MTi Request a SyncOut setting of the device, i.e. 

SyncOut 
width 

ReqSyncO 17 (0xD9) To host Device returns SyncOut setting 

SetSyncOutSettingsAck 217 (0xD9) To hos

 
 (Section .3.5) 

Des
ReqCon 2 (0x0c) To MTi/MTx Request the configuration of device. For 

logging/quick setup purposes 
Configuration 3 (0x0d) To host Contains the configuration of d
ReqPeriod 4 (0x04) To MTi/MTx Request current sampling period 
ReqPeriodAck 5 (0x05) To host Device returns sampling period 

Host sets sampling
SetPeriodAck 5 (0x05) To host Device acknowledges SetPeriod message 

Request h
skipped before sending the MTData 
message 

ReqOutputSkipFacto 13 (0xD5) To host Device returns O

SetOutputSkipfactorAck 213 (0xD5) To host 

ReqOutput 208 (
2

To MTi/MT Request curre
ReqOutputMod
SetOutputMode 

09 (0xD1)
D0)

To host 
To MTi/MTx 

Device returns output mode 
Host sets output

SetOutputModeAc 09 (0xD1) To host Device acknowledges SetOutputMode 
message 

ReqOutputSe 10 (0xD2) To MTi/MTx Request current output settings 
ReqOutputSetting 11 (0xD3) To host Device returns output settings 
SetOutputSettin 210 (0xD2) To MTi/MTx Host sets output settin
SetOutputSettingsA 211 (0xD3) To host Device acknowledges SetOutputSettings 

message 

  MT0101P.A 
 

24



MTi and MTx Low-Level Communication Doc., © 2005, Xsens Technologies B.V.    
 
Data-related messages ( .3
 

 
ests device to send MTData 

data or orientation data 

Tx 
 

Tx 
SetInitTrackModeAck 137 (0x89) To host 

Tx  non-volatile 

Request a filter parameter used to calculate 
orientation 

ReqFilterParametersAck 161 (0xA1) To host Device returns filter parameter 
rameters 0xA0) x ter parameter 

sAck 1

1 Tx nces or 

16
16
16

ResetOrientationAck 165 (0xA5) To host 

 

Section 3 .6) 

Message MID Direction Description 
Host requReqData 52 (0x34) To MTi/MTx 
message 

MTData 50 (0x32) To host Message with un-calibrated raw data, 
calibrated 

 
Filter messages (Section 3.3.7) 
 
Message MID Direction Description 
ReqHeading 130 (0x82) To MTi/MTx Request heading settings 

Device returns heading ReqHeadingAck 
SetHeading 

131 (0x83)
130 (0x82)

To host 
To MTi/MTx 
To host 

Host sets output mode 
SetHeadingAck 131 (0x83) Device acknowledges SetHeading message 

Request initial tracking mode ReqInitTrackMode 136 (0x88) To MTi/M
ReqInitTrackModeAck
SetInitTrackMode 

137 (0x89)
136 (0x88)

To host 
To MTi/M

Device returns initial tracking mode 
Host sets initial tracking mode 
Device acknowledges SetInitTrackMode 
message 

s inStoreFilterState 138 (0x8A) To MTi/M Stores gyro bias & mag bia
memory 
Device acknowledges StoreFilterState 
message 

StoreFilterStateAck 139 (0x8B) To host 

ReqFilterParameters 160 (0xA0) To MTi/MTx 

SetFilterPa 160 ( To MTi/MT Host sets a fil
SetFilterParameter 61 (0xA1) To host Device acknowledges SetFilterParameters 

message 
ReqAMD 62 (0xA2) To MTi/M Request adjust for magnetic disturba

AMD mode 
ReqAMDAck 3 (0xA3) To host Device returns the AMD mode 
SetAMD 2 (0xA2) To MTi/MTx Host sets the AMD mode 
SetAMDAck 3 (0xA3) To host Device acknowledges SetAMD message 
ResetOrientation 164 (0xA4) To MTi/MTx Resets the orientation 

Device acknowledges ResetOrientation 
message 
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