
An overview covering
Olmsted County and the 
Minnesota ARMER project

Robert Andrews

robert@robertandrews.com

January 2010

Rochester Amateur Radio Club

http://www.rarchams.org



• Conventional Radio Systems

• Trunked Radio Systems

• Digital trunked Radio Systems

• ARMER

• Olmsted County’s use of ARMER

• Equipment for Monitoring

• References



• In conventional (traditional) radio 
communications, a single frequency or 
channel is used to send and receive 
information

• In Amateur Radio terms, SIMPLEX

• Each radio must have enough power to 
reach to the other radios and vice versa

– “Point to point” communications

• Uses one frequency total



• To increase the range of Simplex 
communications, a repeater may be 
used

• Receives signal on one frequency and 
broadcasts on a second frequency

• Each radio only needs to reach the 
repeater thereby extending the range

• Uses two frequencies total



• Assume you have several groups of 
users and each group should only 
receive that group’s traffic

• Therefore, each group needs its own 
simplex frequency or repeater system

• Requires lots of frequencies and 
equipment

• Often channel is silent

• Very inefficient use of resources



• Rather than using one or two set 
frequencies, a pool of channels is setup

• Frequencies from this pool are shared 
amongst several groups of users

• Each group of users is assigned a 
“Talkgroup” identity

• One frequency is designated as the 
“Control Channel”

• The rest of the frequencies are 
“Communication Channels”



• Each group of users is considered a 
Talkgroup

• Each transmission on a trunked radio 
system includes an embedded Talkgroup 
identifier

• Equipment is setup to only receive 
communications for particular 
Talkgroups

• Talkgroups become the separator 
instead of frequencies



• The Control Channel provides a signal that 
works like a traffic cop

• Temporarily allocates one of the available 
Communication Channels (frequencies) 
from the pool to a particular Talkgroup

• Radios constantly monitor the Control 
Channel for traffic in their Talkgroup

• When desired traffic is found, the Control 
Channel tells the radio which 
Communication Channel from the pool to 
switch to

• Control Channel is always a digital signal



• The actual traffic flows over one of the 
Communication Channels from the pool
– No communications are carried on the 

Control Channel, only allocation commands

• When the traffic is concluded, the 
frequency is released back to the pool

• This means a question and response 
may actually go over different 
Communication Channels

• Radio handles frequency switch based 
on data from the Control Channel



• Radios can have multiple “channels”

• Rather than changing the frequency 
monitored, they change the Talkgroup 
that is monitored for on the Control 
Channel

• To the end user, the underlying 
technology should not make a 
difference in the experience



• Since radios need to understand the 
various Control Channel commands, all 
radios in a trunked radio system need to 
use the same protocol

• Popular trunked radio systems include:
– Ericsson GE (GE Mark V)

– Motorola (Type I and Type II)

– Logic trunked Radio (LTR Standard and LTR 
Passport)

– APCO (APCO-16)

– TETRA (TETRA)



• Since there is often dead air, a “one 
frequency to one group” approach is 
extremely wasteful to bandwidth and 
hardware

• By sharing a pool of frequencies and 
hardware, many more groups are able 
to share a smaller group of resources



• For example, assume a 10 frequency 
pool

– 1 Control Channel

– 9 Communication Channels

– Can maintain 9 distinct communications at 
all times

– 10 frequencies/channels can easily support 
upwards of 50 to 100 Talkgroups

• Depends on the transmission to silence ratio



• While the Control Channel is always 
digital, the Communication Channel 
may be analog or digital

• In a Digital trunked System, all channels 
are digital

• Results in much cleaner audio fidelity

• Smaller bandwidth per frequency

– 25 KHz to 12.5 KHz to 6.25 KHz

• Allows sensitive Talkgroup’s traffic to be 
encrypted



• Popular digital trunked radio systems 
include:

– Ericsson GE (EDACS)

– Motorola (Type II SmartZone)

– APCO (APCO-25)

– TETRA (TETRAPOL)



• Each radio is digitally tagged with its 
user (“John Smith”) or tactical use 
(“Engine 123”)

• This tag is included with each 
transmission

• Receiving radios display this tag to show 
who is transmitting

• Can also be recorded by central 
repeaters for easy logging



• State of Minnesota created the Allied 
Radio Matrix for Emergency Response 
(ARMER) system in 2002

• Response to 9-11 events

• 800 MHz digital trunked radio system 
using APCO-25 protocol

• State of Minnesota wants all counties to 
switch to a compatible system

– State provides half of the funding for 
conversion into ARMER









• Olmsted County has migrated to ARMER

• Simulcast particular key Talkgroups on 
conventional frequencies

– Talkgroup 20502 simulcast on 155.490

• Particular tactical Talkgroups are 
encrypted



• Olmsted County has 5 towers for 
coverage

– Guggenheim Building

– New Haven

– Pleasant Grove

– Rock Dell

– Viola



• 851.05000

• 851.15000

• 851.23750

• 851.30000

• 851.53750

• 853.26250

• 853.51250

• 853.61250 - Control Channel

• 853.77500

• 857.48750

• 858.48750







• Traditional scanners and extended 
receive amateur radios are limited to 
conventional frequencies

• There are both Analog trunked Scanners 
and Digital trunked Scanners

• To monitor ARMER, you need at least a 
9600 baud Digital trunked Scanner

• First define the channels in the pool

• Second define the Talkgroups to 
monitor or Wildcard (all) Talkgroups



• Most brands have a handheld and 
desktop form factor

– RadioShack PRO-106 and PRO-197

– GRE PSR-500 and PSR-600

– Uniden Bearcat BCD396XT and BCD996XT



• Minnesota Statue 299C.37 covers use of 
“Police Communications Equipment”
– “No person other than peace officers within 

the state, the members of the State Patrol, and 
persons who hold an amateur radio license
issued by the Federal Communications 
Commission, shall equip any motor vehicle
with any radio equipment or combination of 
equipment, capable of receiving any radio 
signal, message, or information from any 
police emergency frequency, or install, use, or 
possess the equipment in a motor vehicle 
without permission from the superintendent 
of the bureau upon a form prescribed by the 
superintendent.”
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