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2.10 GPS receiver

Cube 3 is equipped with a SIRF GSC3e/LP chipset based Navman Wireless J30 GPS receiver. The complete interface is shown
in Figure 28 below.
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Figure 28: GPS receiver interface

A 2-wire serial communication interface links J30's UART A with the WMP100's UART 2.
The reset interface makes the GPS receiver reset when the WMP100 resets.

The boot line makes it possible to start the J30 in boot mode, to initialize a firmware download via the serial port. In normal
operation this line should be left floating (by configuring GPIO22 as an input) for minimal current drain.

The power supply switch provides means to control the power supply to the GPS receiver.

The GPS antenna current-limit switch makes it possible to control the power supply to an active external GPS antenna. The
current is supplied to the antenna while the ON input is held high. When current limit is exceeded, the switch disconnects the
power to the antenna and FLAG goes low. The current-limit switch may be reset by switching both the ON pin and the GPS
receiver power supply off and on again.

The details of operation of the GPS receiver (J30) and the antenna switch (MAX4785EXK) can be found in the relevant data
sheets.

2.11 Accelerometer

Cube 3 is equipped with a three axis low-g Freescale MMA7455L accelerometer. The sensing directions are shown in Figure 29
and the interface in Figure 30 below.

Figure 29: Accelerometer sensing directions
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Figure 30: Accelerometer interface

The communication interface consists of a 4-wire SPI connection. Note that WMP100's SPI1 bus is used for this purpose.
The two interrupt lines transmit accelerometer detected events to the processor and to the power management module.
The details of operation of the accelerometer can be found in the relevant data sheet.

Known Issue: Switching between the external power supply and the backup battery (e.g. by toggling the external
power supply with the main backup battery BATT1 charged) affects the operation of the accelerometer and may result
in false positive detections and/or incorrect measurements. The issue can be mitigated by taking appropriate steps in
software (re-calibrating the accelerometer after a change of power supply has been detected).

2.12 Watchdog Timer
A hardware watchdog timer is interfaced to the WMP100 as shown in Figure 31 below.
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Figure 31: Watchdog interface

The watchdog timer is permanently enabled with a timeout of approximately 1200 seconds. The application needs to
periodically service the timer by writing positive pulses, at least 300 ns wide, to the WDI input. Failure to do so will result in a
deep (inclusive of cycling of the WMP100s digital power supply) system reset being generated when the watchdog timer
times out.

Important Note: The watchdog cannot be disabled and operates independently of the WMP100's working modes.
Appropriate steps in software need to be taken to ensure watchdog is serviced in all circumstances to avoid
unnecessary resets.
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2.13 Boot Control
The Boot interface is shown in Figure 32 below.
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Figure 32: Boot interface

This interface makes it possible to initiate a download of the firmware into Cube 3's flash via the RS-232 port by invoking the

bootstrap. The process can be triggered by pulling the boot line high (by connecting together pins 7 and 8 of the connector J1)
and switching the power supply on.

Setting the boot line high also sets the WMP100's ON input high (cf power management) and disables the main backup battery

BATT1 (cf 2.15). While in this state, removing of the external power supply will immediately shut the WMP100 down. A reset
will be generated when the power is restored.
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2.14 Power Supply

The Power Supply block controls the Cube 3's external and internal (backup) power supply. The logic of the block is depicted
in Figure 33 below.
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Figure 33: Power supply circuits

An external power supply, connected to pin 2 of the connector J2, is the main source of energy for the Cube 3. The power
supply line is routed to pin 2 of connector J1 and can be controlled (switched on or off) by software from the WMP100, by
means of GPIO13

An optional external backup battery may be connected to pin 3 of connector J2. This battery will act as a backup power supply
if the external power supply becomes disconnected. The battery will be trickle-current charged while the external power
supply is connected.

Note that the charging method requires the external power supply voltage to be suitable for charging the external
backup battery.

The electrical energy from the external power supply is converted by the Cube 3's power supply circuit and supplied to all
hardware building blocks. Power is permanently supplied to the WMP100's RF block. The supply to the WMP100's remaining
blocks is controlled by the ~“RESET line and will get cycled when a watchdog timer reset gets generated (cf 2.12). This is to
guarantee a deep, cold reset of the WMP100 takes place when the watchdog timer times out.

The Cube 3 is equipped with two backup batteries that supply energy to selected hardware components when the external
power supply becomes unavailable.

The battery BATT1 (1430 mAh, Li-ion) is the primary backup source of energy - it supplies energy to all building blocks of the
Cube 3 when the external power supply and the external backup become unavailable. Note that this battery gets disconnected
when the BOOT line is activated (pulled high).
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Charging of the battery BATT1 is carried out by a charge pump which in turn is controlled by the user's software and Wavecom
Battery Charge Management commands.

Note that the voltage of the external power supply, the voltage of battery BATT1 as well as the temperature inside the Cube 3's
enclosure can be monitored using appropriate analogue inputs (cf 2.8).

The battery BATT2 (100 mAh, Li) is continuously drip-current charged. When no other sources of energy are available this
battery supplies energy to the WMP100's Real Time Clock, the RAM and to the GPS receiver's Real Time Clock.

2.15 Power Management

The power management block facilitates control of the WMP100's working modes. The logic of the circuit is depicted in Figure
34 below.
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Figure 34: Power management

This circuit makes it possible to switch the WMP100 from Alarm Mode to Fast Idle Mode (i.e. from the lowest power mode to
the mode in which all features of the processor are available). This is in addition to the standard WMP100 wake up on the Real
Time Clock alarm expiry (using the AT+CALA command).

Activation (pulling high) of any of the following lines will make the WMP100 to switch to the Fast Idle Mode:

¢ INT2 line of the accelerometer (an event internal to the Cube 3 - c¢f 2.11)

e BOOT (cf2.13)

* ignition (cf 2.7)

e TRESET while the BOOT line is inactive (an event internal to the Cube 3 - c¢f 2.12)

 connection of the external power supply while the backup battery is not fitted or is discharged (cf 2.15)

Note that in the two first cases (accelerometer's INT2 or BOOT) the processor cannot be switched back into the Alarm Mode
until the respective triggering signal gets deactivated (set low).

The remaining inputs are gated by a monostable multivibrator. This makes it possible to re-enter Alarm Mode approximately
20 - 30 seconds following the trigger signal even if the trigger signal remains high.
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3 Software

The WMP100 CPU in the Cube 3 runs the Open AT operating system. It has the ability to execute a user created application in
addition to providing modem functions.

Applications for the Cube 3 are developed in C/C++ using a toolchain provided by Wavecom. This produces binary files, which
are downloaded to the WMP100 CPU's flash memory.

M2M studio includes a large number of documented tutorials in its online help system. This chapter assumes that the reader
has read these documents, and is familiar with the operation of M2M Studio.

3.1 Description

3.1.1 Software Packages
A number of software packages are used in developing software for the Cube 3. Wavecom provided packages are
typically distributed separately from one another.

Open AT Firmware

This is the core software provided by Wavecom that runs on the WMP100. It is responsible for low level wireless
functions, memory management, the AT command interface, and also provides access to peripherals. The Cube 3
ships with Open AT Firmware preloaded which is rarely upgraded, if ever.

Open AT Operating System (ADL)

The OS is a Wavecom distribution consisting of libraries and support files for various compilers. It provides an
interface to the Open AT Firmware, and is linked with the user application. The libraries by themselves implement
the Application Development Layer, referred to as ADL.

Plug-ins
Ad(ditional functionality to the ADL is provided by modular plug-ins. These are in the form of libraries, which are
linked with the user application. Consult the individual plugin documentation for further details.

The WIP plug-in provides network socket functionality, so is likely to be used in most Cube 3 applications.

Application

This refers to user created software that uses the ADL to implement customised functionality, e.g. a vehicle tracking
application. The application is linked with the ADL and any plugins used. It is downloaded to the flash memory of the
WMP100, and can be executed by the Open AT Firmware.

3.2 Development tools and the build process

3.2.1 M2M Studio

M2M Studio is a development suite that includes an IDE, tools to monitor the WMP100 CPU, and the GNU
toolchain. It is available for download from Wavecom. The online help included with M2M Studio contains a "getting
started guide" that covers the basics of how the IDE functions.

Note: Distributions of M2M Studio only include the IDE. The software packages described previously must be
downloaded separately.

M2M Studio organises files into projects. To create an application for the Cube 3, an Open AT project in M2M studio
must be created. Refer to the M2M studio documentation under M2M Studio User Guide > Build System >
Project Creation for further details.
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3.2.2 Build Process

M2M Studio can build projects to produce binaries. Application code is compiled and linked with the relevant
libraries, and binary files are created in a number of different output formats. Refer to the online help under M2M
Studio User Guide > Build System > Project Build for further details.

M2M Studio can build applications in a 'headless' mode that does not start up the full GUI. This is detailed in the
online help under M2M Studio User Guide > Build System > Advanced Topics > Projects build in headless
mode.

3.2.3 Compilers Supported
Applications can be developed using any of the following compilers:

e GCCARM-ELF
e ARMRVDS
e ARM ADS

3.2.4 GCC
The GCC toolchain is provided with M2M studio, and was used to develop the example applications. It supports C,
C++ and assembler.

Note: GCC requires assembley code to specify which ARM instruction set the code uses. This is achieved
using the ".ARM" or ".THUMB" directives. Consult the GCC documentation for further details.

The GCC compiler has certain warnings disabled by default. These can be re-enabled by adding the following
compiler flags to the compiler options:

-Wall -Wextra -Wfloat-equal -Wdeclaration-after-statement -Wbad-function-cast -Wwrite-strings

-Waggregate-return -Wmissing-prototypes -Wmissing-declarations -Wunreachable-code -Wformat=2
The compiler options are updated by performing the following actions:

1. Inthe Project explorer, select the project.

2. Select Project -> Properties from the top level menu.

3. Expand “C/C++ Build".

4. Under "Settings" select "ARM ELF GCC C Compiler”, "Miscellaneous".

5. Onthe "Other flags" section append the above warning switches.

6. Select "OK".

3.3 Firmware programming

Firmware can be downloaded to the WMP100 by a number of different methods. Each method has its own requirements for
the file format of the firmware.

Programming method Formats supported
DWLWin wpb
wpk
.bin

X-modem Download .wpb.dwl (see note)
.dwl
Over The Air Programming .dwl

Table 7: File formats supported by different programming methods

Note: ".wpb.dwl" files are different to “.wpb" and ".dwl" files.
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3.3.1 DWLWin
This is a tool provided by Wavecom that is capable of programming the WMP100 in the Cube 3.

DWLWin can program the WMP100 with both Open AT Firmware and user applications. It is also able to perform
low level operations such as erasing flash.

Some of DWLWin's advanced functions require a USB security dongle inserted in the PC performing the
programming operation. A dongle is not required for downloading a user application. Dongles are supplied by
Wavecom.

Note: Attempting to perform an operation that requires a security dongle without the dongle present will
cause the operation to fail. The error message given by DWLWin may not indicate that the failure was due to
the absence of a dongle.

The WMP100 contains a bootstrap that runs every time the CPU is restarted. DWLWin monitors the serial port for a
signal from the bootstrap, and places the WMP100 in a special programming mode if this signature is detected.

A download using DWLWin is initiated using the following steps:
1. Set the external boot interface of the Cube 3 to "high".

. Remove external power to the Cube 3.

. Select file(s) to download.

. Select appropriate serial port.

. Ensure that "Erase: Objects" is not ticked.

. Click "start".

. Wait for one to two seconds.

. Reapply external power to the Cube 3.

0 N OV N~WN

Warning: Certain data is stored in flash when the Cube 3 is manufactured. If this data is erased using
DWLWin there is no way to recover the data and its utility to an application is permanently lost. See the flash
objects section 3.5 for further details.

3.3.2 X-modem Download
Firmware can be downloaded to the WMP100 via the Cube 3's serial port using the x-modem file transfer protocol.
This method allows any external serial device that supports x-modem to program the Cube 3.

The WMP100 is put in a special limited function mode for downloading firmware using the AT+WDWL command.
Only a small subset of AT commands are available, and almost all features of the WMP100 are not active in this
mode. The WMP100 waits indefinitely for an external device to initiate an x-modem transfer. Once the transfer is
complete, the WMP100 must be restarted using the AT+CFUN=1 command.

Refer to the AT Command Interface Guide section 5.1 for further details regarding this programming mode.

Note: If the WMP100 is reset while in x-modem download mode, it will return to this mode after the reset.
The AT+CFUN=1 command must be issued by the external programming device to restore the CPU to normal
operation.

3.3.3 Over The Air Programming

The user application in the Cube 3 can be upgraded over the air. Typically a binary image of the new application

is transferred over the air and stored in the 'Application and Data' (A&D) section of flash memory. Once the entire
image is present in flash, it can be 'installed' using an ADL function. This resets the WMP100 CPU, copies the new
application image into program memory, and begins execution of the new application.

Note: The installation process alters the source file in A&D memory. A backup copy of the file should be made
before installation if this is not desired. Only one installation attempt per copy of a file is permitted by ADL.

A
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Further details are available in the ADL User Guide section 3.22.

As an alternative to these methods, Wavecom offer a commercial service that manages upgrades of a remote
wireless microprocessor, such as the WMP100 in the Cube 3. Details of this service are available from Wavecom.

3.4 Debugging

The Cube 3 supports the RTE mode of the WMP100. This execution mode allows debug of internal traces, as well as setting
breakpoints and stepping through code. The Cube 3's serial port is used in a special mode to transfer data between the
WMP100 and M2M studio. Refer to the online help under M2M Studio User Guide > Running and debugging projects >
Debugging in RTE mode for further details.

Note: Wired communication with the WMP100 is only available on UART1, via the external serial port connector. All
other communication ports are internal to the Cube 3.

3.5 Navman Wireless data stored in flash

Certain data is stored in the flash objects section of memory when the Cube 3 is manufactured. For details of this type of
memory, refer to the ADL User Guide section 2.3. The data is stored in the "Device ID" set of flash objects. Each item is stored
as an object within this set:

e Serial number
* Date of manufacture (future provision — unused at time of writing this document)
e Temperature calibration offset

An example application is provided that demonstrates reading this data.

Warning: If this data is inadvertently deleted or overwritten there is no way to recover it.

3.6 Versions
At the time of writing, the following versions of software are current.

M2M Studio: 1.1.0

Open AT Firmware: 7.3a
Open AT/ADL: 2.30/6.30
DWLWin: 4.1.6.13

4 Software examples

Several software examples are provided which demonstrate various functions provided by the Cube3. These applications are
examples only, and most error checking has been omitted in the interests of making the code readable.

4.1 Hello World
Example 1 is a Hello World application that sends the "Hello World" message in Morse code by using the green LED:

H E L L O w O R L D

The message is sent at a rate of 6 words per minute, repeatedly, with a 3 seconds gap between retransmissions.
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4.2 External digital I/0

The Example 2 application demonstrates how to configure and drive the external digital 0. The Cube3 indicates the status of
various inputs on the LEDs according to the following mapping:

e Green LED: Ignition
* Orange LED: DI3
* Red LED: DI4

The state of the tamper switch is used to set the output level of DIO2. If the tamper cover is in place, DIO2 is set off. If the
tamper cover is removed, DIO2 is set on, and the LEDs are disabled.

4.3 External UART

The Example 3 application demonstrates the use of the Cube3 external UART. The application sets up the UART for 9600 baud
with no flow control and outputs a message when the UART is initialised. It then responds to simple commands for turning
LEDs on and off. The commands consist of an LED color and on/off state. For example G1 turns the green LED on, while RO
turns the red LED off.

4.4 Analogue inputs
Example 4 demonstrates how to read the various analogue inputs of the Cube 3. Readings are sent out the serial port every
second. The level of the Cube's external analogue input (AIN1) is indicated with the LEDs. This can be demonstrated by
connecting a potentiometer to GND and VREF on the |O connector. The wiper of the potentiometer should be connected
to All.
Green: AIN1 voltage > 200 mV
Orange: AIN1 voltage > 1000 mV
Red: AINT voltage > 2000 mV

4.5 Non-volatile memory
The Example 5 application demonstrates how to retrieve flash objects that are loaded into flash in the factory. The following
data are stored:

e Serial number
e Manufacture date
* Temperature calibration offset

The use of non-volatile (battery backed) RAM is also shown.
When the Cube is powered on, the following is sent out the serial port (example values):

Serial number: 0906E10210024
Manufacture date: <No manufacture date>
Temperature offset: -7

Reset count: 11

LEDs show number: 3

“Reset count” is a count of the number of times the application has been initialised. It is maintained in NVRAM.

“LEDs show number" is a count that is incremented when the application has been initialised. It wraps from 7 to 1. The value of
the count is displayed in binary on the Cube 3's LEDs.

To use this application, monitor the serial output while removing and re-applying external power to the Cube 3. Using a boot
dongle is recommended, as this will disconnect the main internal battery.
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4.6 GPS receiver

Example 6 demonstrates the GPS receiver within the Cube 3. The example application flashes the green LED for 40 ms every
time an NMEA sentence is received from the GPS receiver, and then sends the received NMEA sentence out over the external
UART at 9600 bps with no flow control. The application also turns the orange LED on when an antenna short-circuit has been
detected, then back off for 5 seconds and retry, forever.

4.7 Accelerometer

Example 7 is an accelerometer demonstration application. First, the application calibrates the accelerometer for X=0,Y =
0, Z=-1[g]. All three LEDs are lit during this process. Then, it continuously measures and displays the values of the three
components of acceleration, X, Y and Z, by blinking the green, orange and the red LEDs, respectively, with varying duty cycles
where +1[g] = 100%, 0 = 50%, -1[g] = 0%. The readings are also continuously output as debug messages to the external UART.

4.8 Power management

Example 8 is a power management demonstration application. The application monitors the state of the ignition input and
controls the WMP 100 working modes. The green LED stays lit while the ignition remains in the ON state. The green LED
begins to blink after the ignition has been switched off, and 10 seconds later the Cube 3 enters the Alarm Mode. When the
Alarm Mode is entered, the green LED is switched off, and the power supply current drops dramatically, e.g. below 2 mA at 12
V. As long as the ignition remains off, the Cube 3 will cyclically switch between the Alarm Mode and the Fast Idle Mode. It will
stay in the Alarm Mode (asleep) for 20 seconds and in the Fast Idle Mode (awake) for 10 seconds. While in the Alarm Mode,
the Cube 3 can be brought back to the Fast Idle Mode by either switching the ignition input ON, or by subjecting the device to
an acceleration in excess of 2 [g], e.g. by shaking it. The cyclic switching of power modes will restart immediately if the ignition
is OFF or, if the ignition is ON, as soon as it has been switched back OFF. The orange LED flashes once when the Cube 3 wakes
up on the 20 seconds timeout. The red LED flashes once on an accelerometer generated wakeup. Note that setting the boot
line high will make it impossible for the Cube 3 to switch to the Alarm Mode.

4.9 Main backup battery state monitoring and charging

The Example 9 application demonstrates main backup battery state monitoring and charging. It monitors the battery using
unsolicited charge indications from OpenAT and uses the LEDs to indicate battery status. The green LED is lit when the battery
is charged. The orange LED is lit when the battery is charging. The red LED blinks when the battery is discharging. If the
battery temperature is out of range (-10 to 45 C), the orange LED flashes once every 10 seconds.

4.10 Real time location

Example 10 demonstrates how the Cube3 can be used in a real-time location application that accesses a network. The GPRS
and UDP settings for the server connection are configured over the external UART and are stored in non-volatile RAM. Once
the connection is configured, the application establishes a UDP connection with the server. It indicates the status of the
connection with the red LED: off = not connected, on = connected, occult when transmitting data. The application acquires
GPS fixes from the GPS receiver, and indicates the status of each fix with the orange LED: off = invalid fix, on = valid fix. It
sends the NMEA RMC message for the last known valid fix to the server every 60 seconds.

The server connection is configured using the following new AT commands that are added by the application when it
starts running:

AT+XAPN=ccccceee ... ... .. to change the GPRS Access Point Name (APN)
AT+XAPN?. .. ... . .. to query the APN

AT+XUSER=uuuuuuu . ...... to change the PAP/CHAP userid

AT+XUSER?. . ............. to query the PAP/CHAP userid
AT+XPW=pppppppp. - - - - - - . to change the PAP/CHAP password
ATHXPW? ... .. . ... to query the PAP/CHAP password

AT+XIP=aaa.bbb.ccc.ddd . . .. to change the server IP address
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ATHXIP? oo to query the server IP address
AT+XPORT=nnnn .......... to change the server port
AT+XPORT?. ... ... .o to query the server port

If there is a typing error and the server IP address is not in the correct aaa.bbb.ccc.ddd format then a WIP_CEV_ERROR
message is generated during the server connection attempt. Error messages and progress messages come out over the
external UART serial port.

For other configuration errors, WIP_CERR_INVALID errors are typically generated when data is transmitted every 60 seconds.

After changing the configuration, a new server connection can be initiated by re-starting the Cube3, either by recycling the
power or by issuing the AT+CFUN=1 command. The configuration is saved in non-volatile memory so, after a restart, the new
configuration will be used.

5 References

5.1 WMP100 documentation

Documentation for the WMP100 Wireless Processor is available from the Wavecom website to registered users.

5.2 GPS receiver

More information regarding the Navman J30xLP GPS Receiver module can be found in the Documents section of the
Navman Wireless OEM website (http://www.navmanwirelessoem.com/Documentation-library.html)

5.3 Accelerometer

The data sheet for the Freescale MMA7455 accelerometer is available from the Freescale website at:
http://www.freescale.com/files/sensors/doc/data_sheet/ MMA7455L.pdf
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