
Tracking Operators at 
Rockets 2011. 
right: Ronald Parson 

For well over a decade, 1 have been using 
amateur radio-based GPS tracking devices to track cars, 
bicycles, airplanes, runners and, for the past couple years, 
rockets. These used theAPRS (Automatic Position Reporting 
System) system designed by Bob Bruniga, WB4APR. This 
well-developed system includes a defined protocol, the 
APRS-IS internet system, and many graphical computer 
programs for the display of positions. Now a system is on 
the market, the BigRedBee BRB900, which brings the best 
of the APRS system in an all-digital package to a wider 
audience without the requirement of an amateur license. 

I first got into tracking rockets while developing a 
tracking system for SystemsGo Rockets 2010, a four-day 
event for high school students participating in SystemsGo's 
aero science curriculum. Student-built rockets, some 
transonic, were launched about every half hour over four 
days. SystemsGo had chosen to use the Beeline GPS, 
a GPS tracker collecting data on-board and transmitting 
latitude, longitude, and altitude in the 440 MHz amateur 
radio band. The use of amateur radio frequencies was not a 
problem, as my team consisted of a group of local hams. The 
project was very successful in helping recover the rockets, 
even one drifting three and a half miles away and recovered 
easily. 

When we were asked to provide services for 
Rockets 2011, our team looked around for a system that did 
not require an FCC license, so that the system would have 
wider accessibility to students and their schools. Fortunately, 
BigRedBee, LLC, the developer of the Beeline GPS used 
in Rockets 2010, started shipping in late 2010 a GPS 
tracking system, the BRB900, which uses spread-spectrum 
technology in the 900 MHz ISM band and does not require 
an FCC license. 
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The BRB900 system consists of a GPS receiver 
connected to an RF transmitter and a companion RF receiver. 
The transmitter has an optional microcontroller, G-switch (for 
launch detection), and nonvolatile memory for on-board data 
storage. The receiver has an optional LCD screen which 
displays the latitude, longitude, number of satellites locked, 
transmitter-battery voltage, and other values. This review 
describes the system with all these options. 

The Hardware 

The BRB900 transmitter consists of a 900 mAh 
liPo battery, a Trimble Lassen iQ GPS receiver and a 
patch antenna, a Digi International Xbee-Pro XSC 100 
mW frequency-hopping spread-spectrum module, a 
microcontroller and memory for on-board recording of flight 
parameters, and connectors for programming the various 
modules. When the battery is connected, the GPS almanac 
and ephemeris are backed up for quick lock times, and the 
rest of the board may be turned on and off using a 2-pin 
header. An LED blinks when a GPS lock is obtained (See 
figure 1 ). 

Figure 1. BRB900 transmitter with standard antenna 
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The BRB900 receiver consists of another Digi 
spread-spectrum module, a USB interface that provides 
power, and a serial interface which is seen as a COM port 
by an attached computer. The transmitter is programmable 
to send either a set of NMEA sentences or a special 
BigRedBee sentence ($BRBTX) to the receiver which 
can send either or both over the serial interface to the 
computer. The receiver's internal battery is charged via the 
USB interface. The LCD can be set to display information 
from the $BRBTX sentence or the $GPGGA sentence, and 
can display the altitude as either MSL (above Mean Sea 
Level) or AGL (Above Ground Level) (See figure 2). 

Figure 2. BRB900 with standard antenna 
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The Software 

BigRedBee provides several software programs 
for the BRB900. 

There is a configuration program for setting 
parameters such as on-board storage interval, transmit 
interval and time slot, enabling memory wrap and the G
switch, NMEA and $BRBTX sentences, and reading and 
clearing the on-board memory. Another program updates 
the firmware on the unit. 

There are also two vendor-provided programs for 
configuring the receiver, Digi International's X-CTU, and 
the GPS, Trimble's Trimble Studio. 

There is also a program, brb9ui, which allows real-
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time plotting of the trajectory using Google Earth. The output 
of the BRB900 is not compatible with the APRS protocol, 
but the program brb9ui will also convert the sentence 
$BRBTX into an APRS-compatible packet containing an 
NMEA $GPGGA sentence. 

Personal Use 

Because my prior use of graphical displays of 
locations had been in the context of amateur radio and 
APRS, I chose a display program I was familiar with, 
UI-View32. This particular program requires a no-cost 
registration, but the authors provide this only to licensed 
amateur radio operators. However, there are a number of 
other APRS-compatible graphical display programs with 
similar capabilities that do not require this license. 

I obtained one ofthe BRB900 systems and switched 
over to it in preparation for my Level 2 certification flight, 
the BRB900 transmitter replacing the Beeline GPS in the 
payload bay with only minor changes, as the sizes of the 
two transmitters are very similar. Since the BRB900 has an 
easy way to attach an external power switch, I added a key 
switch to the exterior of the payload bay, so the GPS could 
be turned on while the rocket is on the launch rails and 
could easily be turned off after recovery. 

The big change occurred in the equipment needed 
on the ground. All that was needed was the BRB900 
receiver, about the size of a deck of cards, connected to 
the laptop with a USB cable. Very simple. 

Another big advantage was the LCD display on the 
receiver. By glancing at that, I could verify that the GPS had 
a good fix before launching, that launch detect had been 
triggered, and when received transmissions had stopped 
after the rocket landed over a small rise. 

Both the initial flight of my 1..2 rocket and the 
certification fl ight itself ended just outside our range, but 
both times the rocket was found quickly using the last 
received coordinates, albeit the latter flight landed in the 
top of a thirty-foot tree, but was recovered undamaged. 

After recovery, the on-board storage was read and 
the resulting KML file was edited to remove extraneous 
data after landing. This file can be opened in Google Earth 
and viewed in 30 from various angles, or it can be opened 
in Google Maps to produce a ground track. 

Rockets 2011 

The Rockets 2011 event in May presented a 
whole new set of challenges. This event had eighty rocket 
launches from fifty Texas high schools scheduled over 
four days. Not all rockets carried GPSs-we concentrated 
on the transonic ones-but we often had five BRB900 
transmitters going at once-from preparation to flying to 
recovery. In addition, the launch site had a hill , about forty 
yards high, three-quarters of a mile to the north, and the 
prevailing winds were southerly. Because 900 MHz signals 
are very line-of-sight, we were concerned about losing 
track of the rockets if they passed behind the hill. 

The BRB900 receiver will receive a number 
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of transmitters simultaneously and send a packet to the 
laptop for each transmitter. Each packet has a six-character 
identifier unique to the transmitter. So that the different 
transmitter signals would not interfere with each other, we 
set the transmitters to transmit every six seconds, each in 
a different time slot. This left one time slot open for school
owned transmitters. The LCD display will show only one 
transmitter, the one it first hears. But since the LCD display 
shows the time slot of the transmitter, by turning the receiver 
off and on a few times, you can get the LCD to show the 
transmitter you want. 

Since each transmitter has a unique identifier, that 
ID will show up on an APRS display as the call sign of each 
transmitter. We used brb9ui and UI-View32 to plot the current 
position and ground track of each rocket that was active. 

The blind spot behind the hill was filled by a specially 
designed repeater that received the transmitter's signals on 
one hopping channel and repeated them on another hopping 
channel. In Mission Control, we set up two identical tracking 
systems. One listened to the transmitters directly, using a 900 
MHz patch antenna on a ten-foot pole. The other listened to 
the repeater using a small 900 MHz Yagi to provide some 
separation between the two systems. 

As it turned out, the repeater seldom provided 
reception when the direct receiver didn't, but this did provide 
a level of redundancy. The manufacturer of the spread
spectrum modules claims a range of six miles with a whip 
antenna (longer with a Yagi), and I have seen no reason not 
to believe it. 

With 440 MHz analog APRS systems, I have seldom 
seen better than 80% throughput, but 99% throughput on 
the BRB900 system was not uncommon. 

The two receiving systems running in parallel required 
no operator intervention other than an occasional clearing 
of completed flights to remove clutter from the screen. One 
of the displays was mirrored to a large monitor in Mission 
Control. Thus real-time data was available to the controllers, 
the recovery teams, and the rocketeers. The tracking team 
took care of retrieving and archiving both the on-air and on
board data, capturing everything that happened during the 
flight, freeing the others to concentrate on flying. 

Post Analysis 

The BRB900 system provides many opportunities 
for post analysis after recovery. Figures 3, 4, and 5 show 
various ways the same data set can be displayed. 

The program brb9ui can archive all received 
packets to a file containing $BRBTX sentences. The display 
program UI-View32 can archive all received packets, in 
our case, APRS packets with $GPGGA sentences. With 
multiple transmitters, the packets from the transmitters 
are interleaved. By processing these files with the utility 
program Delete Lines, separate files containing data from 
a single transmitter can be created . One use of these files 
is to recreate the display on UI-View32 by using a terminal 
program to send the file , via a pair of virtual serial ports, to 
UI-View32 for a better presentation (See figure 3). 

Since the on-board memory usually stores data more 
frequently than the transmitted data, it is more amenable to 
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Figure 3. A typical tracking screen from UI-View 32 at Rockets 
2011, showing the ground track received via radio. The launch 
pad is at the left of the rightmost 100058 label. The landing is at 
the top of the 100058 label. The hill with the repeater is in the 
upper right. 

Figure 4. The ground track at Rockets 2011 from the on-board 
data. This was generated by Google Maps. The launch pad is 
at the right end of the yellow line. The landing is at the top end 
of the yellow line. 
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Figure 5. A 30 visualization of the rocket trajectory at Rockets 
2011 generated by Google Earth from the on-board data. 
Engine cutoff is about half way up the vertical line. then the 
rocket follows a ballistic trajectory until parachute deployment. 
The rocket drifted north with the gusty southerly winds. 

Inside the BRB900 receiver 
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analysis, such as derivation of velocity. I mentioned above 
the use of the on-board stored data in the form of a KML file 
for viewing in Google Maps (See figure 4) and Google Earth 
(See figure 5). 

There is a lot of physics hidden inside these recorded 
data, just aching to find an inquisitive student to dig it out. 

Conclusion 

I have found the BRB900 system to be a simple-to
use, convenient, and accurate tool for tracking, recovery, and 
analysis of rocket flights. It does not require an amateur radio 
license to use and is thus accessible to a wider audience 
than units based on ham radio. 

Multiple transmitters were deployed and operated 
simultaneously using a single receiver, allowing central 
coordination and tracking of many rockets. The cost of a 
complete system is also much lower than an amateur radio
based one, where the receiver alone can cost as much as a 
BRB900 transmitter and receiver. ~ 

Notes: 

1. BigRedBee, LLC 
2. SystemsGo 
3. UI-View32 
4 . APRS 

www.bigredbee.com 
www.SystemsGo.org 
www.ui-view.org 
www.aprs.org 

Ronald tracking his Level 2 rocket. The BRB900 
receiver is on top of the laptop sun shade box. 
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