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Introduction

R

This Document first gives a brief description of the Freescale 6-axis sensor evalkit (reference
RD4247FX0OS8700) and more specifically the DIP16 daughter board that features the
magnetometer+accelerometer combo device

Then we’ll give simple information about the protocol that allows communication with
RD4247FX0OS8700 evalkit and in particular is used by the PC GUI (i.e. XTRINSIC-ACCEL-MAG-
SENSOR-FUSION-DEMO.exe software) to achieve continuous and autonomous raw data
streaming

We will illustrate transaction sequences with examples using a simple Serial Terminal Software to
connect and communicate with the “Bridge” MCU through the USB serial port. This “bridge”,
located on the RD4247FX0OS8700 kit intermediate Board, is a MC9S08QEO08 device that realizes
the USB -actually SCI- to I12C conversion and handles dumb sensors management (initialization
and data collection)

Information provided will allow user to control Freescale 6-axis development kit RD4247FX0OS8700
and collect raw data without Sensor Toolbox PC software Environment
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Software and Hardware used

- RealTerm

For demonstration purpose, we will use RealTerm free Serial Terminal Software available at
hitp://realterm.sourceforge.net/index.html#downloads Download. Note that most Terminal Programs
(such as Microsoft Window HyperTerminal) can be used as well.

LFSTBUSB
Communication Board

Standard Connector for All

° RD4247FXOSS7OO EVK Sensor Toolbox Pressure

Sensor Development Boards

The complete evalkit contains:
1. LFSTBUSB communication board
2. Sensor interface board

3. FXOS8700CQ 6-axis sensor
development board

This hardware (see picture) can be Sensor :

ordered directly at Interface
http://www.freescale.com/webapp/sps/site/prod B
summary.isp?code=RD4247FXOW8700&tab=
Buy Parametric_Tab&fromSearch=false

USB Mini-B
Connector

Freescale FXOS8700CQ 6-Axis
Sensor 3 x 3 x 1.2 mm QFN
Single Package Accelerometer
and Magnetometer
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FXOS8700CQ DIP16 Board Description
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FXOS8700CQ DIP16
Board Schematic

SA0=SA1=0

Device 12C address:

0x4C (pre-production parts)
Ox1E (production parts)

-
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FXOSS?OOCQ DIP16 Board Layout

ee Physical Viewer: LAY-MX76000_9062011.brd P... [Z|[E][X]
ay Setup Help (adente
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FXOS8700CQ typical application (from Datasheet)

RST G ’ | OVDD
(Connect to GND if unused) i L
b ¢ g 01pF == 4.7puF
2 g8 1
T 1T T 1 1 — —
[16 1 [151 1141 - -
VDDIO - — L1 LJ L r — - Reserved
VDDIO G + i l K L E ——_I_ /DDIO
0.1 pF BYP_E—l ]—E—GND e
L — L ]
Reserved T~ 3 INETE INT1  — o INTH
-~ 1 FX0S8700CQ L — - \DDIO
— SCUSCLK - 7 ™15 ] SA1CS B
1 1 L —
— GND 1 — 7  — - INT2
VDDIO 5 L9 + O INT2
- — i I i I —
gl 17118l Note: Pullup resistors on INT1 and INT2 are not required if these
Lol pins are configured for push/pull (default) operation.
— o —
SCLISCLK ¢y : 1 é ol 2
= =| == 01pF
VDDIO = 3| T !
w P —
SDAMOSI C + O SAOMISO

MNote: Pullup resistors on SCL/SCLK and SDA/MOSI are not
required if the device is operated in SPI Interface mode.

R
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FXOS8700CQ DIP16 Board J1 Connector

DIP16 Board FXOS8700CQ Description
Pin Number / Name | Pin Number / Name
J1-1/VDDIO 1/VDDIO Digital 10s Supply Rail
1.62 to 3.6V
J1-4/ SCL 4 | SCL I2C Slave Data Line
Pulled-up to VDDIO by R3
J1-5/GND 5,12 / GND1,2 Main Ground
J1-6 / SDA 6 / SDA I2C Slave Data Line
Pulled-up to VDDIO by R1
J1-8 / RST 16 / RST Pulled to GND by R2
J1-2,3,7/ NC N/A Unused
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FXOS8700CQ DIP16 Board J2 Connector

DIP16 Board FXOS8700CQ Description
Pin Number / Name | Pin Number / Name

J2-3/ VDD 14 / VDD Main Supply
1.95to0 3.6V
J2-6 / INT1 11/INT1 First Interrupt Line
J2-7 [ GND 5,12 / GND1,2 Main Ground
J2-8 [ INT2 9/INT2 Second Interrupt Line
J2-1,2,4,5/NC N/A Unused
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RD424/FXOS8700 Communication
Protocol Detalls and Examples
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Bridge Protocol Basic Commands Description

The syntax of commands used to access the sensor registers through the bridge is shown below

- Device Write Register
- Command sent from PC to MCU

= Byte 0: SPACE - message header (0x20)
= Byte1:'m’ - character command for device Write Reg
= Byte 2 : Slave 12C address - slave 12C address of the device
= Byte 3: Size - number of consecutive bytes to write
= Byte 4 : Register Addr - device first register address to write into
= Byte 5: Data x size - data to be written (size x bytes)
= Byten:CR - terminating character (Ox0D)
- Answer sent from MCU to PC
= Byte 0: SPACE - message header (0x20)
= Byte 1: ‘M’ - character answer for device Write Reg
= Byte2: CR - terminating character (Ox0D)

- Device Read Register
- Command sent from PC to MCU

= Byte 0: SPACE - message header (0x20)
= Byte 1: 1" (lower case L) - character command for device Read Reg
= Byte 2 : Slave 12C address - slave 12C address of the device
= Byte 3: Size - number of consecutive bytes to read. Maximum 20.
= Byte 4 : Register Addr - device first register address to read from
= Byte 5: CR - terminating character (Ox0D)
- Answer sent from MCU to PC
= Byte 0: SPACE - message header (0x20)
= Byte1: L’ - character answer for device Read Reg
= Byte 2: Size - number of bytes read (should be the same as in command)
= Byte 3: Register Addr - device first register address read (should be the same as in command)
= Byte 4: Data x size - consecutive data read (size x bytes)
= Byte n: CR - terminating character (Ox0D)

R
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Bridge Protocol Basic Commands Description

This slide provides the syntax of some useful commands allowing to check the serial link, query Bridge
FW revision, initiate and close data streaming

- Handshake
- Command sent from PC to MCU

= Byte 0 : SPACE - message header (0x20)
= Byte1l: 0’ - character command for Handshake
= Byten: CR - terminating character (0xOD)
- Answer sent from MCU to PC
= Byte 0 : SPACE - message header (0x20)
= Byte1:‘H’ - character answer for Handshake
= Byte 2: CR - terminating character (Ox0D)

- Bridge FW information
- Command sent from PC to MCU

= Byte 0 : SPACE - message header (0x20)
= Byte 1: V" (lower case |) - character command for bridge FW information
= Byte 2: CR - terminating character (Ox0D)
- Answer sent from MCU to PC
= Byte 0 : SPACE - message header (0x20)
= Byte 1: ‘I’ (uppercase I) - character answer for bridge FW information
= Byte 2-9 - bridge FW information details
= Byte 10: CR - terminating character (0x0D)

- Start/Stop 6DOF data streaming
- Command sent from PC to MCU

= Byte 0 : SPACE - message header (0x20)

= Byte 1: ‘d’ (lower case D) - character command for streaming 6-axis device Data
= Byte 2 : Ox - streaming flag (01 to Start, 00 to Stop)

= Byte 3: CR - terminating character (0x0D)

- Answer sent from MCU to PC (See examples in next slides)

R
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Configure and Open Serial Com Port

USB Serlal POl’t aSSOCIatEd Wlth DUT Wl” = RealTerm: Serial Capture Program 2.0.0.57
show up in Device Manager once USB
cable is plugged and PWR switch is on

Display Port | Capture | Pins | Send | EchoPart| 120 | 122 | 120Misc | Mise | An| Clear| Freeze| |
Statuz
= Baud [115200 | port [48 || apen Spu| | & Change |'7 _ | Connected
— cﬂmpu':er Ma“age"‘e“t Pari D ata Bi Ston Bi Software Flow Control _IRRD (2]
. . . . 'ty Data !tS’ Stop |lts ] ™ Receive on Char 17 | T=D 3]
Q File Acton Wew Window Help ? gsge & 8 hits | | & 1 bit " 2 bits —_ ] _|CcT5 (8|
\ " Fbit: | ~Hard Flovs Control ransmit Xoff Char: |19 _|DCco (1)
= -~ Hardware Flow Contro
& & ® =ma ~EEn | febis || % None RTS/CTS " DSR (6]
\ " Space i 5 hits " DTR/DSH ¢ HS5485-1t: ~ _ |Ring [9)
Q Computer Management (Local) + _;j Monitors o _ |BRE&K
= ﬁg System Tools +-E& Metwork adapters y _ | Emar
+ Event Viewer + ﬂ Périphériques Bluetooth | - — - : : :
= Shared Folders 5 E Portable Devices ‘fou can uge Active¥ automation to control me! Char Count: 0000000 CP5:0 Port: 43 115200 8M1 Mone
+ % Local Users and Groups - r;gf Ports (COM & LPT)
+ 5] Per falmance Logs and Alerts rg Bluetooth CDI‘I‘II‘I‘ILII'I!Eat!DI'IS Fort :COHS: . LaunCh ReaITe rm SW
=5, Device Manager r;"i RBlustooth Communicationg Port (COM3)
=5 storags 7 EORPrinter Port (LPT1) - In Port Tab:
+ Removable Storage g USE Serial Port (COM43)
Disk Defragmenter + % Processors v Set COM port parameters (Baud
Disk Management +-4= 5C5I and RAID controllers
- == oA rate and Port number)
+ & Services and Applications + Smart card readers
+- . Snund. viden and name rontrollers b’ v Open COM Port

R
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Check Serial Port Communication (Handshake)

- Suggested RealTerm Display tab settings: byt [ casss el
- tick Half Duplex to show outgoing characters in green Display & = [ IHBHDGDIER

_ _ - ﬁ;‘;:‘ ' I newLine mode
- Display As Hex[space] to see characters hexadecimal code & Hlesmga) | IverData
{ Hex+aAscn | |
. ,L,‘.:Pés Data Frames [_
{. Hex Bytes |2 -
=™ RealTerm: Serial Capture Program 2.0.0.57 ‘ :::gnss I~ Single ] @@

C " Asci
- In RealTerm Send tab: 20 68 6D 20 48 @D " Binary -

" Nibble '
- tick EOL +CR to automatically add a E_ Floatd [FESE]
carriage return to sent data

- tick \n After to automatically change to
a new line

- type “<space>h” in field
(you can use backslash with

Hexadec|ma| Code “\XHH” to Send Displa_l,l] Port ] Eapture] Pins “=end ]Ec:ho F'ort] 12C ] 12C-2 ] I2EMisc:] Mizc ] \n| Clear| Freeze J

any value, i.e. \x20\x68 sends the " = P e —
. ¥ | 2end Murmnbers v+

same string) = - I'; R _IRXD 2)

] send Ngmhers| Send ASCII |E i XD (3)
+

. - |
_ <CR> [5ME
Hit Send ASCII button (SCR>is 0] | ¥ Repeats [1 2] [ Litersl [ Sirip Spaces || +ore e

automatically added as EOL) : | DED (1)
. Dump File to Port _|DSE (]
° The DUT W|” eChO |c::'\temp'\c:apture.l:-ct ﬂ J Send File | x Stop | Delapz |0 5|0 = | Ring (9
“<space>H<CR>" as confirmed by | - epeats [1 2] [0 2] —|BREAK
7] ] EPEST > - _ | Eror
the yellow codes “20 48 0D
You can use ActiveX automation to control me! Char Count:& CPS:0 Port: 48 115200 8M1 None

R
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DUT Initialization for Data Streaming

-In order to prepare the device for data streaming, a specific Configuration
Sequence must be sent to the DUT after power-up:

- This commands/answers sequence is reflected in the RealTerm log window below

- Use backslash with
Hexadecimal code “\xHH” to
send any value. The string
associated to 2"d command is
shown here

- DUT will acknowledge each
“Register Write” command by
issuing “<space>M<CR>"
answer i.e. “20 4D 0D’

R
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28 6D 3C 81 2A B8 BD 28
28 6D 3IC 82 SB 1F 268 @D
28 6D 3C 82 2D 81 81 8D
28 6D 3IC 81 2Aa 21 @D 28

Displa_l,l] Part ] Eapture] Finz

Blw RealTerm: Serial Capture Program 2.0.0.70

ESEERT)

4D @D
28 4D @D
28 4D ap
4D @D

Send | EchoPart|12C | 12c2 [\n| Clear] F
1]

| mx 3G xB2 x5 B~x1F~x28

| ms I GBS 2 AN 21

Diamp File to Paort

I_ ﬂ ﬂﬂ Fepeats |1 :|¢ [ Literal | Ship Spaces ||

ED
v | Send Mumbers| Send ASCI | -
ml
| Send Numbers| |{Send ASCITH| ¥

|c:'\temp"~capture.txt

jJ Sendfie | € stop | D

Bepeatz

-

(L I




Data Streaming Start/Stop Commands

- Start data Streaming

- This command will trigger
the transfer of raw
measured data as19 bytes
data packets transmitted
continuously at 25Hz rate

- Stop data Streaming

- Streaming will stop after
ongoing packet transfer is
complete

>
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E RealTerm: Serial Capture Program 2.0.0.70

Display  Port | Capture | Fins | Send | EchoPort| 120 | 1202 | 12CMisc | Misc |

o B, S |

\n| Clear| Freeze| 7|

Statuz
Baud |'|'|52|:||:| ﬂEnrt |'|3 j Open Sp_lg| |V Dizconnect
R0 [2)
. . . Software Flow Control
Parity Data Bitz Stop Bits Feadve 17 T=D [3]
& Mone || & 8bits| | @ 1bt (" 2his ] Eeete ool CTs (8]
' : i :
~ Exl:-'ledn (7 t'!ts Hardwsare Flow Control [ Transmit Xoff Char: |13 DCO (1]
" Mark (6 b!ts f+ None { RATS/CTS Winzock iz D5R (6]
(" Gpace || ¢ Bbits | " DTR/DSR (" RS4851ts ~ Faw Ring 9]
(" Telnet BREAK
Errar
You can use ActiveX automation to control me! Char Count:304 CPs:0 Port: 13115200 &

. m
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6DOF Data Packet Format used for Data streaming

10100 D5 FF 75 01 C§ 02 01 34 FF DC 3F 38 0D
| |

- 1 - Magnetometer X,Y,Z data - 2 - Accelerometer X,Y,Z data - <CR>

- A data packet has a fixed length of 19 bytes.
Magnetometer data are transmitted 1%t,
followed by Accelerometer data

- the 2 sensors X,Y,Z data are coded as 2’s
complement 16bits signed integers (left justified
if sensor resolution is less than 16 bits)

D8
Display | Port | Capture | Pins | Send | EchaPort| 12c | 12c2 [\n| Clear| Fre

- last char of data packet (i.e. <CR>) shall not be Display As = Hall Dupier Binary Spnc Chars .
. . - W - =l
used as sync byte as it could also be found in et [ newline made [4BCD | pata |
. . . & Hedlspace] | [ Invert [ 7Bits
sensors data fields. Header is more appropriate C Housdadi | [ | | woR | o
. (¥]ly]
as sync p.attem. Anyway as packe.t size and i DaBta Frames — | | anp | ©
format is invariant, a sync pattern is even not - b ytes 2 =l  Change " Le
e [ Single _ Gulp | = 0
necessary " Binary
F Plgjgtla? R o Colz
- Trick: In RealTerm Display tab, select 57 as || bigeCov . TeminalFontl 2631357 2| ¥ Serolback 200 3]
Columns number to align data paCketS You can use ActiveX automation to control me! Char Count:15048
Fl T 3

R
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Summary of Communication Sequence for Data Streaming

20 68 0D 20 48 0D Handshake (to verify if
communication is ok)

20 69 0D 20 49 60 01 10 01 40 02 FF FF 0D  Get Bridge Rev Info (optional)

20 6D 3C 01 2A 00 OD 20 4D 0D I2C Addr.= x3C (7-bits Addr.= x1E)

Write 00 in Register 2A to set
device in Standby Mode

4 20 6D 3C 02 5B 1F 20 20 4D 0D Select Max OSR and Hybrid Mode
0D with Auto-Increment (Write 1F and
20 in Registers 5B & 5C)
5 20 6D 3C 02 2D 01 01 20 4D 0D Configure Data-ready interrupt to
0D INT1 pin (Registers 2D & 2E)
6 20 6D 3C 01 2A 21 0D 20 4D 0D Select active mode with Output
data rate of 25Hz (Hybrid Mode)
7 20 64 01 0D 20 44 OF 02 01 FC 70 FE OE 04 85 Start data streaming

02 OD 44 E6 1C 32 FO OD 20 44 OF
02 01 FC 70 FE OE 04 85 02 0D 44
E6 1C 32 30 0D .........

8 20 64 00 0D No specific answer Stop data streaming

<
<
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Complete Communication Log for Data Streaming

- Note that during data
streaming, the bridge
MCU is collecting the 6-
axis measurement from
FXOS8700 device
according to INT1
Interrupt signal (data
ready event).
Consequently the
communication on the 12C
Interface is kept minimal

>
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Display] Port ] Eapture] Finz Send lEchu:u F'u:urt] |2C

FF FF @b

[ aNxe1

j Send Mumbers

Send ASCI

| ma03 G2 %02 Dol s Bl

l_ﬂﬂﬂ Repeats |1 :l

Durnp File to Port

ﬂ Send Mumbers

Send ASCI

| Literal | Stip Spaces

||:: Whemphcapture. bt

B EVREY

+CH
+LF
+CR
+LF
+OIG

B RealTerm: Serial Capture Program 2.0.0.70 C=aEan X

| 1202 | 12cMisc | Mise | An| Clear| Freeze| ?|

" Statuz

~ Before | Disconnect
| RED A

v After T [3)

sMBeUS & | _ICTS (8]
“  |pco)
| DSF (8)

<] | sendfie | % stop| Del[0 2[[0 2 Iming(m)

_ | BREAK

19

Bepeats |1 ﬂ |EI _¢ | Errar
‘You can use ActiveX automation to control me! Char Count:368 CPs:0 Port: 13115




Communication Sequence Summary

- Note that Magnetometer raw data can have significant offset that needs to be calibrated (Hard Iron)

Command

2068 0D

206D 3C012A 000D
206D 3C025B8 1F 200D
206D3C022D01010D
206D 3C012A 210D
2064 010D

2064 000D

data
Mag X
Mag Y
Mag Z
Accel X
Accel Y
Accel Z

Answer from DUT

handshake (optional) 2048 0D

Standby Mode 204D 0D
Initalize DUT 1/2 204D 0D
Initalize DUT 2/2 204D 0D
Active Mode 204D 0D

Start data Streaming 2044 0F 02 01 00 D5 FF 7501 C602 01 34 FF DC 3F 382 0D

Mag. XY 7 data + Accel. XY 7 data

19 bytes data packet received continuously at 25Hz rate

Stop data Streaming

decimal value
213 21.30
-139 -13.90
454 45.40
308 18.80
-36 -2.20
16184 987.79

: - freescale . External Use 20

unit

UT (scale=0.1uT/LSB)
uT

uT

mg (scale=2g/2*15/LSB)
mg

mg



Conclusion

- Freescale 6-axis Sensor development kit (RD4247FX0OS8700) can easily be configured by sending a
few commands via a serial terminal Software

- Once Data streaming is configured and triggered, DUT continuously provides 6DOF data packets to
the Host PC through the COM port. Extraction of the 6 measurement values out of a data packet is
quite straightforward

- Instructions provided in the document can be applied to more sophisticated programs that are able to
use a serial port object such as Matlab script or Microsoft Visual Studio project. This enables
automatic collection of the 6DOF raw measurement as well as real time data processing and plotting

R

: - freescale . External Use 21



freescale’



