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ateur Radio Club in Circum-
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loon Tracking Program, Uni-
versity of Michigan, Ann Ar-
bor

Supported with a Grant from 
Amateur Radio Digital Com-
munications.

High-altitude balloons, both 
amateur and “spy,” have re-
cently garnered the attention 
of the United States govern-

ment. Meanwhile, classes in engineering, aerospace 
and weather are introducing students to an assort-
ment of exciting high-altitude balloon (HAB) proj-
ects. This popularity in HAB experimentation is be-
coming increasingly evident on APRS.
fi (APRS internet server database).

In addition to any academic prerequi-
sites, the only FCC requirement is the 
student (or instructor) must possess, 
at the minimum, a Technician Class 
FCC amateur radio license. With that 
license, the student can now “beacon 
away.” This first experience with HAB 
will also demonstrate how far a packet, from a “low” 
power transmitter, can travel once the balloon ex-
ceeds heights of 30,000 feet and how much conges-
tion that packet can cause if the WIDEn-N Path 
or Packet Rate are not appropriately configured. In 
each case, respectively, APRS.fi will generate the fol-
lowing warnings:

1. “Seriously bad path, the station appears to be 
flying at high altitude and using digipeaters, 
which causes serious congestion in the APRS 
network.”

2. “This station is transmitting packets at a very 
high rate, which causes serious congestion in 
the APRS network. This could be considered an 
abuse of the network resources.”

Several years earlier, students at the University of 
Michigan received both error messages, followed by 
numerous unsolicited emails, after one of their first 
HAB attempts.

Consider that a RF packet (1,200 Baud), sent from 
a home or auto may travel a distance of 15 miles. 
That same packet originating from a balloon at 
30,000’ would have a “line-of-sight” footprint of 
approximately 212 miles. A balloon at 60,000’ has a 
“line-of-sight” footprint of approximately 300 miles 
and a balloon at 100,000’, 387 miles. If we estimate 
the average height of a ground station antenna, that 
would be DIGI-peating the received signal at 20 
feet, its “line-of-sight” footprint would be about 
five miles. A WIDE2-1 path, as used in Example 1, 
would account for one more hop, outside the foot-
print (and in) and only marginally increasing the 
footprint by several miles. The key is that each hop 
will multiply a packet’s propagation in all directions. 
So, every station within that 387-mile diameter cir-

cle (centered on the balloon) is already 
receiving the balloon packets directly. 
When any of those ground stations 
resend that packet, nearly all stations 
would receive a second, “unnecessary,” 
packet. Congestion of the APRS net-
work then occurs. 

When the balloon is generally below 
10,000 feet, the lower transmit power 
makes packet reception more difficult, 

Example 1. APRS.fi website highlights a “serious bad path” was 
observed which could cause serious congestion of the APRS network.
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Example 4.  APRS.
fi “high packet-rate” 

error message received 
that can be ignored.

thus a WIDE1-1 or WIDE2-1 would be recom-
mended. The ability to change Path settings, based 
on altitude, is available on newer HAB transmitters. 
Although the logic to transmit packets at a rapid rate 
and to have those packets repeated to as many stations 
as possible is understandable, but the impact of do-
ing so must also be considered. The students wanted 
to know how they could locate their balloon if they 
needed to wait several minutes for the next packet? 
The simplest method is to include a second transmit-
ter set to a non-APRS frequency. The sole purpose of 
the second transmitter is to facilitate balloon retrieval 
by foxhunting the balloon’s payload once it has land-
ed. But could this method be improved?

Members of the W8UM High-Altitude Balloon 
Tracking Program, supported in part with a grant 
from Amateur Radio Digital Communications, 
worked to devise a unique method to achieve this 
need for frequent HAB beaconing. Our questions 
were: a) could the satellite antenna rotor (Alpha-
Spid Controller) be used to track the HAB directly 
via its transmitting radio frequency? b) could trans-

mitting, more frequently, on a non-APRS transmit 
frequency be practical? c) could APRS position re-
ports received from another frequency be exported 
into APRS.fi to provide a visual representation of 
the balloons travel? and d) would this facilitate in 
balloon recovery?

The project used WB2OSZ’s DIREWOLF (software 
TNC) to parse several data 
streams from different sourc-
es (APRS-IS, 144.390 MHz 
and the secondary frequen-
cy) to have the satellite AZ-
EL antenna rotor track the 
HAB’s flight. WB2OSZ was 
very helpful with this effort.

Fast forward to 2023. (Ex-
ample 2.)  On this one bal-
loon, the -1 SSID (Second-
ary Station ID) is the pri-
mary transmitting beacon 
(144.390 MHz; beaconing 
every two minutes) while 
the -2 SSID, the secondary transmitter (144.350 
MHz) beacons every 10 seconds. In Example 2, 
the -1 balloon icon is shown to lag the real-time 
balloon position, -2. The red dots representing the 
RF packets received directly from the balloon. Us-
ing this process, frequent HAB beaconing can be 
achieved and visually displayed on APRS.fi with-
out congestion of the APRS network. 

For comparison (Example 3, Top) shows the two-
minute beacons, red dots, from SSID -1, while Ex-
ample 3, Bottom) shows the 10-second beacons (red 
dots) during the same time from SSID -2. Although 
APRS.fi did indicate an error message on SSID -2 
(Example 4.) “This station is transmitting packets 
at a very high rate,” this can be thankfully ignored 
because the uploaded packets originated from the 
secondary frequency (only monitored by W8UM). 
There was no congesting the 144.390 MHz North 
American APRS frequency and the APRS-IS system 
can easily handle the traffic.

Hopefully, this technique of receiving packets di-
rectly from a secondary transmitter and then export-
ing to APRS.fi will prove to be beneficial during all 
future HAB flights.

W8UM High-Altitude Balloon Tracking Program 
Members: Co-Authors, Rob Giuliano, KB8RCO; 
Michael Fluegemann, KE8AQW; Rajiv Govindjee, 
KN6SXI; John Palmisano, KB8OIS

Example 2.  APRS.fi website demonstrating that “frequent” RF 
beacons (red dots), from the -2 SSID balloon, can be uploaded 
onto APRS.fi without incurring network congestion.

Example 3.  Bottom:  Balloon tracking via a second non-
APRS transmitter showing additional position reporting (red 
dots).  This content was exported to APRS.fi via W8UM without 
interfering with APRS.

Example 3.  Top:  Balloon tracking via the primary 144.390 MHz 
APRS frequency.
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