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CMPSO03 - Compass Module

For documentation on CM PS03 revisionsprior to Rev14, click here
Earlier versions can be identified by the presaidbe silver 8MHz ceramic resonator in the midaofie
the PCB, this has been removed on new modules.
Rev14 was released March 2007

Overview

This compass module has been specifically desifpragse in robots as an aid to navigation. The aim
was to produce a unique number to represent teetdin the robot is facing. The compass uses the
Philips KMZ51 magnetic field sensor, which is séimsienough to detect the Earths magnetic fielae Th
output from two of them mounted at right anglesach other is used to compute the direction of the
horizontal component of the Earths magnetic fidle haveexampleof using the Compass module with
a wide range of popular controllers.

Connections to the compass module

— Pin 9 - v Ground
—
— Pin & - Mo Connect
—
— Pin ¥ - Mo Connect
L
- Pin B- Calibrate
—
— Pin 5 - Calibrating
.
e Pir 4 - Pyt
—
— Pin3-Sha
- Pin2- 2CL

I'[-__j Fin 1 - +5v

=
e = e |

Connections

Pin 1, +5v. The compass module requires a 5v pswgply at a nominal 25mA.

There are two ways of getting the bearing frommtfuglule. A PWM signal is available on pin 4, or a€|
interface is provided on pins 2,3.

Pins 2,3 are the 12C interface and can be usedtta direct readout of the bearing. If the 12Crifatee is
not used then these pins should be pulled higtXt) via a couple of resistors. Around 47k is die t
values are not at all critical.

Pin 4. The PWM signal is a pulse width modulatgphai with the positive width of the pulse repregent
the angle. The pulse width varies from 1m®(Pto 36.99mS (359€ ) € in other words 100u®¥

with a +1mS offset. The signal goes low for 65m&veen pulses, so the cycle time is 65mS + the pulse
width - ie. 66ms-102ms. The pulse is generated Iy kit timer in the processor giving a 1uS resoiyt
however | would not recommend measuring this tdting better than 0€ (10uS). Make sure you
connect the 12C pins, SCL and SDA, to the 5v sugpigu are using the PWM, as there are no pull-up
resistors on these pins.

Pin 5 is used to indicate calibration is in progréxctive low). You can connect an LED from this o
+5v via a 390 ohm resistor if you wish.

Pin 6 is one of two ways to calibrate the comptmespther is writing 255 (0xFF) to the command
register. Full calibration instructions are furtldenvn this page. The calibrate input has an onéboar
pull-up resistor and can be left unconnected atiéibration.
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Pins 7 and 8 are currently unused. They have ordlqmdl-up resistors and should be left unconnected

Pin 9 is the Ov power supply.

| 2C interface.

I2C communication protocol with the compass modsikle same as popular eeprom’s such as the
24C04.

Start Coampass uzes address 0xC0

Write The register num ber that R epe sted
t:.rt q q o 0 a0 0 o 0 you want to read from Sta_r_’_c_!t:u'rt
_'—l [ar Tag[as]ad a3 JAD AT Raw ACK [DY[DE[DS[D4[DI[D2[ D1 (D0 PCK | L

W rite addres= with bitQ set - 0xC1 .
1 q o o 0 0 a 1 Fead ane or maore registars Stop bit

T [a7Tas (a5 (a4 ez ez (a1 Ravlack (o7 (o6 ]os 04l o3l o2 0100k [t

First send a start bit, the module address (0OXGD) e read/write bit low, then the register numyau
wish to read. This is followed by a repeated stad the module address again with the read/writieidpin
(OXC1). You now read one or two bytes for 8bit 6bit registers respectively. 16bit registers aeslre

high byte first. The compass has a 16 byte arraggibters, some of which double up as 16 bit tergs
as follows;

Register Function
0 Software Revision Number, Rev14 or higher -carlier Revisionslick here
1 Compass Bearing as a byte, i.e. 0-255 for acitdle
2,3 Compass Bearing as a word, i.e. 0-3599 fall @ifcle, representing 0-359.9 degrees.
4,5 Internal Test - Sensorl processed differemgrebk- 16 bit signed word
6,7 Internal Test - Sensor2 processed differeigeak- 16 bit signed word
8,9 Internal Test - Sensorl raw data - 16 bitesiigevord
10,11 Internal Test - Sensor2 raw data - 16 gitesil word

12 Unlock codel - Unlock codes are required for 12@rads change or restoring factory
calibration

13 Unlock code2
14 Unlock code3
15 Command Register - See text.

Register 0 is the Software revision number (1Aatime of writing). Register 1 is the bearing certed
to a 0-255 value. This may be easier for some egiobins than 0-360 which requires two bytes. Fos¢h
who require better resolution registers 2 and §h(lyte first) are a 16 bit unsigned integer inrdrege
0-3599. This represents 0-35®9 Registers 4 to 11 are internal test registergidters 8,9 and 10,11
contain the raw sensor data. These are the sigoalsg directly from the sensors, and are theistart
point for all the internal calculations which praguthe compass bearing. Registers 12,13 and Xdrare

writing the unlock codes for 12C address changesioring factory calibration. Register 15 is the
command Register.

The I12C interface does not have any pull-up resssto the board, these should be provided elsewhere
most probably with the bus master. They are redureboth the SCL and SDA lines, but only once for
the whole bus, not on each module. | suggest a&wafldk8 if you are going to be working up to 400KH
and 1k2 or even 1k if you are going up to 1MHz. Thepass is designed to work at up to the standard
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clock speed (SCL) of 100KHz, however the clock sipesn be raised to 1IMHZ providing the following
precaution is taken;

At speeds above around 160KHz the CPU cannot résiash enough to read the 12C data. Therefore a
small delay of 50uS should be inserted either sfderiting the register address. No delays are irequ
anywhere else in the sequence. By doing this, ¢ hested the compass module up to 1.3MHz SCL clock
speed. There is an example drifzereusing the HITECH PICC compiler for the PIC16F8Nodte that

the above is of no concern if you are using popemhabedded language processors such a&S@tec The
compass module always operates as a slave, its adwes master.

Command Register

Register 15 is the command Register. There arefeargommands - OxCO-CE for 12c address change
and OxF2 for restoring factory calibration - thesguire unlock codes, see below. Also 255 (OxFi)as
calibrate command. There are no unlock codes redjfiar this.

Changing the | 2C address from factory default of 0xCO

With Rev14 onwards, it is now possible to changel#C address to any of 8 addresses 0xCO0, 0xC2,
0xC4, 0xC6, 0xC8, 0xCA, 0xCC or 0xCE. You do thyswriting unlock codes to registers 12,13 and 14
and the new address to register 15. Note thatriloeki codes are different to the ones which restore
factory calibration.

Reg 12 Reg 13 Reg 14 Reg 15
OxAO OxAA OxA5 O0xC2

The above example will change the address to Ox@d2te new address will be effective immediately.
Don't forget to label you CMPS03 with the new addrerou can do this in one 12C transaction, setting
the register address to 12 and writing the fouesyThe internal register pointer is incremented
automatically.

Restoring Factory Calibration

With Rev14 onwards, it is now possible to restheefactory calibration settings. You do this bytimg
unlock codes to registers 12,13 and 14 and thereesbmmand (0xF2) to register 15. Note that the
unlock codes are different to the ones which usedtianging the 12C address.

Reg 12 Reg 13 Reg 14 Reg 15
0x55 Ox5A OxA5 OxF2

You can do this in one transaction, setting théstegaddress to 12 and writing the four bytes. The
internal register pointer is incremented automégica

Calibration

Do not attempt this until you have your compasskimgy! Especially if your using the 12C interfacget
that fully working first. The module has alreadyehecalibrated in our workshop for auaclination
which is 67 degrees. If your location is closehig,tyou may like to try the compass without
re-calibrating at all. Calibration only needs todmne once - the calibration data is stored in EEMRN
the PIC18F2321 chip. You do not need to re-calibeatery time the module is powered up.

Compass module orientation to produce 0 degreésnigea
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Before calibrating the compass, you must kmesactly which direction is North, East, South and West.
Remember these are the magnet poles, not the gédgoles. Don't guess at it. Get a magnetic reed|
compass and check it. When calibrating, make siwedmpass is horizontal at all times with
components upwards, don't tilt it. Keep all magnatid ferrous materials away from the compass gurin
calibration - including your wristwatch.

12C Method

To calibrate using the 12C bus, you only have t@en255 (0xff) to register 15, once for each of tber
major compass points North, East, South and Wést.Zb5 is cleared internally automatically aftestea
point is calibrated. The compass points can bansaty order, but all four points must be calibdatéor
example

1. Set the compass module flat, pointing North.t&V255 to register 15, Calibrating pin (pin5) gtms.
2. Set the compass module flat, pointing East. 8\R85 to register 15,

3. Set the compass module flat, pointing Southté\ab5 to register 15,

4. Set the compass module flat, pointing West. 8\285 to register 15, Calibrating pin (pin5) goeghh
That's it.

Pin Method

Pin 6 is used to calibrate the compass. The cédibmaut (pin 6) has an on-board pull-up resistat @an
be left unconnected after calibration. To calibth&compass you only have to take the calibratéopv
and then high again for each of the four major cassgpoints North, East, South and West. A simple
push switch wired from pin6 to Ov (Ground) is OK this. The compass points can be set in any order,
but all four points must be calibrated. For example

1. Set the compass module flat, pointing NortheByipress and release the switch, Calibrating(pin5)
goes low.

2. Set the compass module flat, pointing East.fBr@ess and release the switch,

3. Set the compass module flat, pointing SouthefBrpress and release the switch,

4. Set the compass module flat, pointing West.fBrgess and release the switch, Calibrating ping)
goes high.

That's it.

One point which must be emphasiz&te calibration must be done in exactly four steps, once for each
of the four major compass points North, East, Bauid West. Previous versions performed part of the
calibration at each step and you could actuallpack and do a point again, taking 5 or more st©pty
the most recent reading from each point was used.1R onwards works differently. The 1st step
(pulling pin 6 low or writing 255 to register 15jiiializes internal construction registers and exit the
1st data set. The remaining steps only collect ddtar the final 4th step, multiple processingges
generate and store in EEPROM a number of inteadddration values. When you perform the 1st step,
Pin 5 will go low. After the 4th step it will go giin again. You can connect an LED from pin 5 to vay
3900hm resistor to indicate calibration is in pexy. It should be high (Led off) before you start.
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PCB Drilling Plan
The following diagram shows the CMPS03 PCB mountiolg positions.
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We haveexamplesof using the Compass module with a wide rangeoplar controllers.
There is also aRAQ on the compass module which contains further lgslormation.
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