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See  Appendix D - Debug and utility menus  for more information on the debug (d) and 
utility (U) commands. 

The application starts the GPS measurement on POWER_UP and updates an FFS file every time it 

receives a POSITION_FIX event. The file contains the last NUM_GPS_CRUMBS positions that 
were taken.  Each time the modem powers on, a new location is saved in the FFS, so that a trail 
of positions is retained over power cycles.  The first time the modem is started, the following 
Logger output is displayed 

 
Figure 12-52:  DemoAppFFS - Logger output for initial Power On 
 
It is possible to view the directory on the modem to ensure that all the files have been created 
and stored correctly. To do this, on the Logger port type ‘d’ ‘f’. This gives you a menu of file 
utilities which can be run on NVM.  It is possible to list, rename, delete and move files using these 
utilities.   
 
 

 

       Note: 
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Each time the modem is power cycled, another line is added to the position output, until the 
maximum number of lines is reached.  After this, the oldest entry in the array is overwritten by a 
new position. 

 
Figure 12-53:  DemoAppFFS - Logger output for next Power On 
 
To remove the FFS file and start over, on the Logger port type ‘d’, ‘f’, ‘r’, ‘CRUMBS.DAT.’ This 
will remove the FFS file created by the application.  The next time the application is run, a new file 
will be created. 
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12.4.6 DemoAppTCP 

The DemoAppTCP sample application demonstrates using TCP to send and receive GSM/GPRS 
packets.  It uses the Turnkey application structure to illustrate sending a TCP message over 
GPS/GPRS to www.google.com.  DemoAppTCP then displays the output on the Logger screen. 
Note that this sample application uses network-specific calls. 
 
1. Select the DemoAppTCP Workspace from the drop-down list at the top, left-hand corner of 

the IAR IDE screen.  Open the APL.c file, as shown below: 

 
Figure 12-54:  DemoAppTCP - Selecting the Workspace 
 
2. Now build, load and execute DemoAppTCP.  The instructions for building, loading and 

executing the code are the same as in Section 12, except that after building the application, 
the executable bin file is: …/DemoAppTCP/exe/xxx-DemoAppTCP.bin. 

 
3. After startup, check the Logger output for the line APL DEMO: TCP.  This indicates that the 

correct DemoApp is running. 
 
DemoAppTCP is based on the Turnkey sample application.  The parameter 
TK_XMIT_INTERVAL is used to control how often a web page is requested.  This may be 
modified from the MTS or Logger port or OTA.  The web page is then displayed on the Logger 
output as text data. 
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The initialization of TCP upon POWER_ON is shown in the following screen.  The user should fill in 
his/her assigned access point username and password.  Note that a web page from 
www.google.com is being requested.  A timer is also set to expire after TK_XMIT_INTERVAL. 

 
Figure 12-55:  DemoAppTCP - Initialization of TCP 
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After the timer expires, MSG_sendTerr() is called to receive the web page data.  The timer is 

then reset to expire after TK_XMIT_INTERVAL. 

 
Figure 12-56:  DemoAppTCP - Request for web page data 
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The application is notified that a message has been received by the MSG_RCVD event.  Here the 
web data are printed out to the Logger port, as shown below. 

 
Figure 12-57:  DemoAppTCP - Web data displayed on the Logger port 
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12.4.7 DemoAppADC 

The Analog to Digital Converter (ADC) example: 

• takes a number of samples from the designated ADC 

• gets the median ADC value to remove some variability caused by noise (the median 
gives a more reproducible value than the arithmetic mean) 

• converts the value to a voltage based on the supplied conversion factor 

• prints the voltage value to the Logger port. 
 
This process repeats approximately once a second until the demo is halted.  Note that this 
application uses network-specific calls. 
 
1. Select the DemoAppADC Workspace from the drop-down list at the top left-hand corner of 

the IAR IDE screen.  Open the APL.c file, as shown below: 

 
Figure 12-58:  DemoAppADC - Selecting the Workspace 
 
2. Now build, load and execute DemoAppADC.  The instructions for building, loading and 

executing the code are the same as in Section 12, except that after building the application, 
the executable bin file is: …/DemoAppADC/exe/xxx-DemoAppADC.bin. 
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3. After startup, check the Logger output for the line APL DEMO: ADC.  This indicates that the 
correct DemoApp is running. 

 
The ADC converter is selected by #define statements in the code, as shown in Figure 12-59. 

 
Figure 12-59:  DemoAppADC - Definitions 
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The application prints the ADC data approximately once per second, as shown in Figure 12-60. 

 
Figure 12-60:  DemoAppADC - Logger data 
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12.4.8 DemoAppRTOS 

The Real-Time Operating System (DemoAppRTOS) sample application demonstrates use of 
various RTOS and related system features.  The primary features demonstrated are creation of 
two RTOS tasks which run independently, and creation and use of a task message queue to 
communicate between the tasks.  However, other features are also exercised, including the use 
of a mutex semaphore to protect a shared resource, and access to the system tick counter and 
error reporting facility.  Note that this application uses network-specific calls. 
 
1. Select the DemoAppRTOS Workspace from the drop-down list at the top left-hand corner of 

the IAR IDE screen.  Open the APL.c file, as shown below: 

 
Figure 12-61:  DemoAppRTOS - Selecting the Workspace 
 
2. Now build, load and execute DemoAppRTOS.  The instructions for building, loading and 

executing the code are the same as in Section 12, except that after building the application, 
the executable bin file is: …/DemoAppRTOS/exe/xxx-DemoAppRTOS.bin. 

 
3. After startup, check the Logger output for the line APL DEMO: RTOS.  This indicates that the 

correct DemoApp is running. 
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The initRtosDemo() function first creates a mutex semaphore and then creates the primary 
RTOS Demo task. 

 
Figure 12-62:  DemoAppRTOS - initDemoRTOS (view 1) 
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The initRtosDemo() function then creates a message queue and a secondary Demo task.  

 
Figure 12-63:  DemoAppRTOS - initDemoRTOS (view 2) 
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The first demo task to be created, rtosDemo(), is the primary task.  It samples the 

supply/battery voltage and does some rudimentary analysis of the data.  The task also 
periodically creates a formatted printable string which it sends to the secondary task via a 
message queue to be printed.  It then demonstrates the use of a mutex and periodically checks 
the heap to demonstrate use of this feature. 

 
Figure 12-64:  DemoAppRTOS - Primary Demo task 
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The RTOS demo secondary task, rtosDemo2(), receives a message from the initial RTOS 

task.  The message contains some statistics that the main task has gathered and formatted into a 
printable string.  The secondary task then prints the string. 

 
Figure 12-65:  DemoAppRTOS - Secondary Demo task 
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The Logger output from DemoAppRTOS is displayed in Figure 12-66. 

 
Figure 12-66:  DemoAppRTOS - Logger output 
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13 Satellite networks 

13.1 ORBCOMM network 

The ORBCOMM System is a wide area, packet-switched, two-way data communication system. 
Communications between modems and ORBCOMM Gateways are accomplished via a 
constellation of Low-Earth Orbit (LEO) satellites. 
 
The ORBCOMM System consists of ground infrastructure, a space segment, and a subscriber 
segment.  A Network Control Center (NCC) manages the overall system worldwide. 

• The ground infrastructure contains the ORBCOMM Gateway, which provides message 
processing and subscriber management. 

• The space segment currently consists of 29 LEO satellites and one Satellite Control 
Center (SCC). 

• The subscriber segment consists of the modems used by ORBCOMM System 
subscribers to transmit information to, and receive information from the LEO satellites. 

 
RF communication within the ORBCOMM System operates in the Very High Frequency (VHF) 
portion of the frequency spectrum, between 137 and 150 Megahertz (MHz). 

 
Figure 13-1:  ORBCOMM satellite network diagram   
 
 
There are four basic service elements provided by the ORBCOMM System: Data Reports, 
Messages, Globalgrams, and Commands. 

• Data Reports – the modem uses a data report to transmit or receive a single packet 
containing 6 bytes or less of user-defined data. 
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• Messages – the modem uses a message to transmit or receive a longer sequence of 
data.  Messages typically have lengths less than 100 bytes, although the ORBCOMM 
System can handle longer messages (8 Kbytes maximum, but messages of less than 
1000 bytes are recommended). 

• Globalgrams – the modem uses a Globalgram to transmit or receive a single, self-
contained data packet to or from a satellite that is not in view of an ORBCOMM Gateway. 
A modem-originated Globalgram contains up to 229 bytes of user data. 

• User Commands – a user command is used to transmit a single packet containing 5 
bytes or less of user-defined data. 

 
See Appendix A for a list of ORBCOMM Configuration Parameters.   
 

13.1.1   ORBCOMM Auto-Roaming 

A message can be automatically sent to any Gateway with which the modem is provisioned.  This 
ensures that the application can communicate anywhere in the world with no extra programming 
required. 

Auto-Roaming should be enabled in the QUAKE configuration parameter 
QCFG_MTS_AUTO_ROAMING_ENA if your application meets one or more of the following criteria: 

• Your modem is likely to roam outside of your main Gateway service area. 

• Your modem is provisioned with more than one Gateway, and you want your message(s) 
to be automatically routed through any Gateway with which the modem is provisioned. 

• Your modem is likely to operate in an area where a Gateway is not always in view of the 
satellites, and you want to automatically send messages as either Globalgrams or 
Messages/Reports, depending on Gateway availability. 

When a message is sent with Auto-Roaming enabled, the modem monitors the message and the 
status of the satellite(s) and Gateway(s) in view until the message is successfully delivered.  If 
changes occur in the status of available satellites or Gateways, your message is automatically re-
routed in accordance with the new communications conditions.  This process continues 
indefinitely until the message is successfully delivered.  This ensures that messages are 
delivered as quickly and efficiently as possible. 

There are two classes of Auto-Roaming functionality: Globalgrams and all other message types.  
The Auto-Roaming option enables a Globalgram to be sent as any message type to any Gateway 
or satellite.  If no Gateway is in view of the satellite when the message is formed, it is sent as a 
Globalgram.  If a desired Gateway is in view, the Globalgram is automatically converted to a 
message or a report if the length of the message data is 6 bytes or less.  Use of the Globalgram 
message type with Auto-Roaming enabled provides the fastest possible communications 
regardless of where the modem is located. 

For message types other than Globalgrams, the Auto-Roaming functionality is similar, with the 
exception that these message types cannot be converted to Globalgrams.  If a message or report 
is created with Auto-Roaming enabled, it is automatically sent to any desirable Gateway that is in 
view, and is automatically adjusted should the Gateway status change before the message is 
successfully delivered.  These message types are not converted to Globalgrams if there are no 
Gateways in view.  This is because high message latencies can occur with Globalgrams in 
certain areas, and this latency can be improved by waiting until the modem is in view of a 
desirable Gateway, rather than sending the message as a Globalgram. 



 
 

User Guide to Q4000/QPRO 
 

 

 
Document Number 1135-4713   Rev G 
THIS DOCUMENT CONTAINS CONFIDENTIAL AND PROPRIETARY INFORMATION OF QUAKE GLOBAL CORPORATION.  IT MAY BE USED BY 
RECIPIENT ONLY FOR THE PURPOSE FOR WHICH IT WAS TRANSMITTED AND WILL BE RETURNED UPON REQUEST OR WHEN NO LONGER NEEDED 
BY RECIPIENT.  DISCLOSURE TO UNAUTHORIZED THIRD PARTIES OR DUPLICATION WITHOUT THE EXPRESS WRITTEN PERMISSION OF QUAKE 
GLOBAL IS PROHIBITED. 

Page 132 

C
O

N
F

ID
E

N
T

IA
L
 

In
fo

rm
a

tio
n

 c
la

s
s
ifi

e
d
 C

o
n

fid
e
n

ti
a

l -
 D

o
 n

o
t 

co
p

y 
(S

e
e

 la
st

 p
a

g
e

 f
o

r 
o

b
lig

a
ti
o
n

s
) 

The term “desirable Gateway” refers to the Desired Gateways List that is maintained in 
the modem’s Non-Volatile Memory (NVM).  If no list has been entered into the modem, 
all Gateways are considered desirable.  If a Desired Gateways List has been entered, 
however, communications are only allowed (or not allowed, depending on how the list is 
configured) with those gateways specified in the list. 

The maximum mobile originated message size through the Iridium network is 340 bytes. 
The maximum mobile terminated message size is 270 bytes. 

For roaming applications that demand the absolute minimum message latency, it is suggested to 
send two messages: one as a Globalgram, and the other as a message or report.  This ensures 
that both of these delivery avenues are utilized, but may result in higher airtime costs. 

 

13.2 Iridium network 

The Iridium Satellite Network is a world-wide, two-way data communication system. 
Communications between modems and the Iridium ground network are accomplished via a 
constellation of low-earth orbit (LEO) satellites.  There are 66 operational satellites with additional 
spares that operate in 6 polar planes with pole to pole coverage at all times.  
 
The ground network is comprised of the System Control Segment and gateways used to connect 
to the terrestrial data networks.  The System Control Segment is the central management 
component for the Iridium Satellite Network.  It provides support and control services for the 
satellite constellation and delivers satellite tracking data to the gateways. 

 

 
 

 
Figure 13-2:  Iridium network diagram   
 

Iridium Gateway

SBD Network
Equipment

Internet

Email

End User Applications

Value Added Reseller 
Host System

RS232 Serial

Interface

Microprocessor

Based

System

Sensor or

other

inputs/outputs
Iridium L-Band

Transceiver

Mobile

Application

[MA]

1,2,3,7,9

2,7,8
3,6,8

4,55

 

       Note: 
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13.2.1 Sequence of events: Mobile Originated–Short Burst Data message 
(MO-SBD) 

1. User’s application loads the mobile-originated-SBD message into the Q4000/QPRO. 

2. Application instructs the Q4000/QPRO to send the SBD message to the Iridium Gateway. 

3. Iridium Gateway SBD equipment: 

• receives the SBD message 

• sends an acknowledgement to the modem 

• creates an email message with the SBD data message as an attachment to the 
email.  

4. Email message is sent to the destination email server hosted by the Value Added 
Reseller for processing of the data message. 

 

13.2.2 Sequence of events: Mobile Terminated–Short Burst Data Message 
(MT-SBD) 

1. Email message is sent to the Iridium Gateway server by the Value Added Reseller’s host 
server. 

2. Iridium Gateway SBD equipment receives the message and stores it in a database.  

3. Modem initiates a “Mailbox Check” and the message is downloaded to the modem. 

4. Modem sends an acknowledgement to the Iridium Gateway that the mobile-terminated-
SBD message has been delivered. 

5. Application extracts the mobile-terminated-SBD message from the modem and 
processes the message. 

 

13.3 Inmarsat network 

IsatData Pro is an Inmarsat service provided by SkyWave.  IsatData Pro services use the 
Inmarsat satellite network, operating with four satellites.  IsatData Pro provides bidirectional 
messaging services from a gateway to mobile devices via Inmarsat satellite services.  IsatData 
Pro satellite service is a two-way, fully acknowledged communications protocol offering a 
relatively low data rate and near-real time data transfer. 
 
IsatData Pro messaging capabilities make it an ideal service for applications requiring remote 
updates, form transfers, and text messaging combined with asset tracking.  Typical applications 
include vessel and fleet management, and security, remote surveillance and telematics. 
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�

 

Figure 13-3:  SkyWave's IsatData Pro network 
 
Key points of the system-level architecture:  

• Message traffic sent to or from mobile devices passes through the SkyWave's 
IsatData Pro gateway to the Solution Provider’s application servers. 

• Mobile-originated messages may be from 2 to 6,400 bytes.  Mobile-terminated messages 
may be from 2 to 10,000 bytes. 

• Latency: 

o mobile-originated messages - 16 seconds for 100 bytes and 40 seconds for 1000 
bytes 

o mobile-terminated messages - 15 seconds for 100 bytes and 45 seconds for 
1000 bytes. 

• Service activation, invoicing and customer support are provided through SkyWave. 
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14 Event driven architecture 

Event driven architecture is a significant element in the Q4000/QPRO user applications.  Events 
have been defined which correspond to significant internal and external signals and conditions 
that are likely to appear.  These events are then forwarded to the application. 
 
Most actions the application takes in response to these events are handled by function calls.  
Many of the calls represent high-level actions, such as “send this message,” which abstract the 
low-level details.  The Application Programming Interface (API) is set up so that these events are 
mapped to the application developer's ‘C’ code.  The following sections describe the supported 
events and the circumstances under which they are posted. 
 
The supported events of the Q4000/QPRO are: 
 

• CAN_MSG 
• CELL_NET_IN_VIEW 
• CONTINUE 
• COUNTER 
• DIGITAL 
• DIGITAL_ALARM 
• GLSS_AVAILABLE 
• MTS_DTR 
• MSG_ACK 
• MSG_ALERT, 
• MSG_MID_CHANGED  
• MSG_NAK 
• MSG_RCVD 
• MSG_SEND_NAK 
• NET_CLEAR 
• NMEA_SENTENCE 
• NO_EVENT 
• ORB_ANTENNA_VSWR 
• POSITION_FIX 
• POSITION_ALARM 
• POWER_ON 
• RX_MTS_PKT 
• RX_SER_PKT 
• SAT_IN_VIEW 
• SHUTDOWN 
• SPEED ALARM 
• TIMER 
• TIME_SYNC 
• USER_CMD 
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A request for a CAN message with a specified Parameter Group Number (PGN) has been 
processed.  A parameter [0-65535] value indicates the PGN of the message received. A second 
parameter value of 0 indicates the requested message was received; non-zero indicates an error, 
typically a timeout. 

14.1 CELL_NET_IN_VIEW 

The cell network availability status has changed.  Parameter value indicates: 

0 – network is not available 

1 – modem is registered on the GSM/GPRS network 

2 - modem is connected to the GSM/GPRS network 

14.2 CONTINUE 

Used in Application Event Tables to indicate an additional Response Action for an event entry. 

14.3 COUNTER 

A software counter has reached 0, underflowed, or overflowed. The parameter indicates the 
counter number. 

14.4 DIGITAL 

A Digital measurement has completed, and the measured value is within limits specified by the 
Alarm High and Low values.  The parameter [0-15] indicates which Sensor Table was used in 
making the measurement. 

14.5 DIGITAL_ALARM 

A Digital measurement has completed, and the measured value violated limits specified by an 
Alarm High or Low value.  The parameter [0-15] indicates which Sensor Table was used in 
making the measurement. 

14.6 GLSS_AVAILABLE 

The Globalstar Simplex module availability status has changed: 0 means it is not ready for use; 1 
indicates the module is working and ready to accept messages. 

14.7 MSG_ACK 

Receipt of a MSG_ACK event indicates that a message sent from the Q4000/QPRO was 
successfully delivered. The parameter [0-255] indicates the message reference number (or other 
tracking number if not an ORBCOMM message).  This is currently supported for ORBCOMM and 
GSM/GPRS networks.  Message reception is managed by @ref MSG_RCVD. 

14.8 MSG_ALERT 

A message is available from the network. 
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The message packet should not be freed by the application; this is done by the 
foundation code. 

14.9 MTS_DTR 

The DTR Line on the MTS Serial Port has changed state.  If the parameter [0-1] is zero, it 
indicates that the line has changed from High to Low Voltage; if one, it indicates the line has 
changed from a Low to a High voltage. 

14.10 MSG_MID_CHANGED 

The message is queued to a secondary network. 

14.11 MSG_NAK 

The message was not sent by the primary network. 

14.12 MSG_RCVD 

A terrestrial or satellite message packet was received from one of three sources, determined by 
parameter 1: 

• TERR_SMS: an SMS message was received 

• TERR_POP: a POP email message was received 

• SATELLITE: a satellite message was received 
 
The message length and data are contained in the incoming message. 

14.13 MSG_SEND_NAK 

The message was not sent and there will be no other attempts. 

14.14 NET_CLEAR 

The network is cleared. 

14.15 NMEA_SENTENCE 

The NMEA 0183 standard uses a simple ASCII, serial communications protocol that defines how 
data are transmitted.  The data are passed in to the application as a message parameter, along 
with the length of the string as the parameter msgLen.  The string is null terminated and can be 
displayed in a printf() statement. 

 

 
 

 

       Note: 
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NMEA has the following application layer protocol rules: 

• Each message's starting character is a dollar sign.�

• The next five characters identify the talker (two characters) and the type of message 
(three characters). 

• All data fields that follow are comma-delimited. 

• Where data are unavailable, the corresponding field contains NULL bytes (e.g., in 
"123,,456", the second field's data are unavailable). 

• The first character that immediately follows the last data field character is an asterisk. 

• The asterisk is immediately followed by a two-digit checksum representing a hex number. 
The checksum is the exclusive OR of all characters between the $ and the *.  According 
to the official specification, the checksum is optional for most data sentences, but is 
compulsory for RMA, RMB, and RMC (among others). 

• <CR><LF> ends the message. 
 
As an example, a waypoint arrival alarm has the form: 
 

$GPAAM,A,A,0.10,N,WPTNME*32�

 
where: 

Table 12-2:  NMEA data format 

GP� Talker ID (GP for a GPS unit�

AAM� Arrival alarm�

A� Arrival circle entered�

A� Perpendicular passed�

0.10� Circle radius�

N� Nautical miles�

WPTNME� Waypoint name�

*32� Checksum data�

14.16 NO_EVENT  

Occurs periodically (once per second by default).  An application can use this event to perform 
periodic status updates. 

14.17 ORB_ANTENNA_VSWR  

An ORBCOMM Antenna VSWR measurement result is available in 0.1 units (e.g. 15 => 1.5:1 
VSWR). 

14.18 POSITION_ALARM 

A GPS measurement completed and a Geo-Fence violation occurred.  The parameter indicates 
which Sensor Table was used. This function is currently unsupported.  Please contact QUAKE 
Global if you would like to implement GEO_fencing in your product. 
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Due to hardware requirements, if GSM/GPRS is powered down it must remain down for 
at least 15 seconds before being powered up again. 

The message packet should not be freed by the application; this is done by the 
foundation code. 

14.19 POSITION_FIX 

The GPS engine has just completed a position fix and the information is available.  The 
parameter indicates which Sensor Table was used.  In the current implementation, the parameter 
passed to GPS_read should always be zero, and the parameter returned on a POSITION_FIX 
event should always be zero. 

14.20 POWER_ON 

This event occurs after reboot regardless of the cause of the power on/reset.  It is the first event 
generated unless the power on was due to a wakeup timer.  In that case, the TIMER event is the 

first event generated, followed by the POWER_ON event. 
 
Application code executed after the POWER_ON event should perform initialization such as starting 
the appropriate network functions.  A GPS read with a parameter of 0 is usually requested at the 
end of the initialization sequence. 
 

 
For more information, consult the SYS_powerDown description in the Application Programming 
Interface (API). 

14.21 RX_MTS_PKT 

An ORBCOMM OSI protocol packet was received from a serial port.  The parameter indicates the 
type of packet received.  Do not free the packet, as this is done by the caller. 

14.22 RX_SER_PKT 

A serial packet was received.  The data are passed to the application as a message parameter, 
along with the length of the string.  The string is null terminated and can be displayed in a 
printf() statement.  The second byte of the message data indicates the type of packet 

received, either modem terminated (0x0C), User Command (0x0D) or ORBCOMM Globalgram 
(0x0E).  For Iridium, raw data have been received. 

 

 

14.23 SAT_IN_VIEW 

The satellite-in-view status has changed.  If the parameter [0-1] is zero, it indicates a satellite has 
gone out of view; if one, it indicates a satellite has come into view. 

14.24 SHUTDOWN 

System is shutting down; save the configuration parameters and exit. 

 

       Note: 

 

       Note: 


