
1. Introductions of trainers, facilities (bathroom, etc.)

2. It is the design of this course to take approximately 2-3 hours for the lecture 
portion with another 2-3 hours for the hands-on practical. In addition to the 
information provided during this session, it is our goal to familiarize each of you 
with radios in use across the state. Radios may be configured differently from 
site to site, but we will attempt to give you the background to work with agencies 
and help familiarize them with their equipment.

3. We will try to limit the user training to approximately one hour lecture and a 
process to work each user through their radios.

4. These materials will be provided to each trainer on a flashdrive.
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1. Set expectation for course. No intent to make trainers a technician, but as a 
training resource will need a knowledge base above what we would expect for 
the user training.

2. Course is primarily geared towards the statewide interoperable radio system, 
which is the defined standard for interoperability in the state.

3. We have narrowed the scope of this material for the user training that you will be 
conducting. Hopefully this material will help fill in the blanks if you have 
questions during your training session.

4. Our hands-on will be in more of a lab setting, but will expect that your user 
training be conducted on agency radios.
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South Dakota public safety communications dates back to the 1940’s. Early radios 
were primarily on the old low-band frequencies because many of the technical 
developments that allowed communications on higher frequencies were not 
practical to manufacture at the time.

South Dakota operated on low-band as the primary public safety communications 
until 2002 when we constructed the new digital system. As the technology changed 
and matured, many of our first responder communities converted to higher 
frequency bands that allowed use of repeaters to extend area of operation. As users 
made this transition, interoperability became an issue and many vehicles were 
equipped with 2 and even 3 different frequency radios.

Starting in 1999 through today, the state installed and has been upgrading a 
statewide system that allows communications to and from anywhere in the state. 
There are currently over 20,000 radio ID’s issued on the system to state, local, 
tribal, and federal users with over 2,000,000 calls per month flowing over the 
network.
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This section has been added to serve as a reference for you.
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This is where we begin to get into the fun part of things. Frequencies and how they 
operate are part of the “magic” behind the way that all radios communicate. The 
reason we go into this is to give you a reference of the spectrum we operate on in 
relation to other technologies.

The VHF spectrum is the “middle” set of 2-way radio frequencies between lowband 
and the 700/800 spectrum in use by cell phones and many local and wide-area 
radio systems.

VHF is a compromise of coverage and operation. VHF by its nature covers a larger 
area with fewer towers, important for rural radio systems. Operationally, the 
spectrum is less prone to outside interference than lowband, but is more susceptible 
than those in the higher frequency bands. South Dakota covers approximately 98% 
of the geography of the state with 54 sites, a similar system on 800MHz would take 
3-4 times that many towers.

Each of these “blocks” of spectrum is broken into smaller parts or “channels”. The 
channels are the individual frequencies that are programmed into radios and 
correspond with a position on the channel selector. The channels are also specific 
to the tower sites on the digital radio system and how they communicate “behind the 
scene” to the radios.
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We will now jump into some of the basic terminology and why it is important to 
understand the differences in some of the old and new terms. We don’t ever expect 
to fully change how users refer to the programmed stops on their radios, but if we 
can provide a basic understanding of how the old and new systems are different, it 
might help make the radios easier to understand.

A channel is a familiar term, and is an industry standard for each programmed  
position on a radio selector knob or switch. Historically, a “channel” referred to a 
particular frequency that the radio was programmed with on that position. A local 
repeater or talk-around are examples of channels and are local only.

A talkgroup is a term used to describe a position or “channel” on a radio selector 
knob or switch for the statewide radio system. A talkgroup is a “path” through the 
network to other radios operating on the same talkgroup anywhere in the state.

A channel is local only, a talkgroup is statewide. A channel will not get the chirp a 
talkgroup will. It is important to understand the difference in how the two operate as 
most radios are programmed with both. Switching from one to the other completely 
changes how your radio functions.
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Now that we have discussed the positions on your radio, lets look at the modes or 
systems your radio radios operate on:

Simplex. Also known as talk-around, radio to radio, brick to brick. This is a mode in 
which your radio communicates with another radio directly, with no infrastructure 
between. This mode is usually communicated over a single frequency. Examples 
might be fire-ground or National Law. Range is typically limited to a few blocks to 
10-15 miles depending upon location.

Duplex or “repeated” systems. Duplex systems utilize a “repeater” that extends the 
coverage of a radio to  a wider geographic area. This type of system is typical in 
most city or county systems that are self-maintained. These systems utilize a 
different receive and transmit frequency so that the “repeater” can send traffic at the 
same time it is receiving it. This type of system can extend the range of a radio out 
30 miles or more.
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Trunked radio systems can be thought of as a duplex or repeater system on 
steroids. Instead of a stand-alone repeater that covers a city or county, trunked 
systems “network” repeaters to create a much larger communications system. 

Another important distinction is that trunked radios no longer rely on a particular 
frequency to communicate with another user. Intelligence is programmed into the 
radios, the sites, and the network to set up “paths” through the network to other 
radios operating on that “talkgroup”. This allows for a far more efficient system in 
which the site resources can be shared by everyone, This eliminates the need for 
separate hardware and frequency resources to be dedicated to each group of users.

Each time a user keys his mic to talk, the radio works with the network and sites 
that have users dialed into that talkgroup to assign repeaters to that conversation. 
When that communication is concluded, the repeater is placed back into the “pool” 
for assignment to someone else.

This is the technology that the statewide system uses.
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A level deeper on the trunked radio operation.

On trunked radio systems, each radio, and each digital talkgroup is assigned a 
unique ID. These ID’s allow the central switch to “direct” calls from one site to 
another.

Each site has what is called a “control channel” repeater. When the radio user is 
turned to a digital talkgroup, the radio is operating in “trunked” mode and their radio 
is in constant communication with the tower and central controller through this 
control channel. The control channel monitors the talkgroup selected and relays that 
to the central controller. Any traffic on that talkgroup will be routed to that radio from 
anywhere in the state.

The trunked radio itself monitors the signal strength from the control channel from 
the site it is registered on, and all other sites it can see. When the registered site 
level drops too low, the radio will automatically switch to another site, and the 
process continues.

When the radio is not operating on a digital trunked talkgroup, the system does not 
see the radio, and traffic will not be routed to that radio over the system.
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This is one more way of looking at the process from the site perspective. The 
site repeaters sit idle until an assignment is sent to communicate on a 
particular talkgroup.



Now its time to try to tie the information from the previous few slide to one of the 
more misunderstood aspects of the digital trunked network, scanning.

In conventional systems, your radio is simply listening out in open space for any 
frequency that has been programmed into the radio. If it can hear the frequency, you 
can hear the traffic.

On trunked systems, because the system is trying to efficiently use the resources 
connected to it, it will only send traffic to sites that have a particular talkgroup 
selected. If the system did not operate this way, calls would be sent to every tower 
for every conversation and system would be overwhelmed.

Normally the trunked radio scan works as desired, but can potentially be an issue 
when radios are operating in an area of overlap from two or more sites. In an 
overlap area two cars on different talkgroups could be sitting side by side, each on a 
different tower, and never hear each other. It is important to understand that this is 
the normal operating process for the system, and if different units need to work 
together, they should consider using common or regional talkgroups to 
communicate. If they are on the same talkgroup, they should always hear each 
other.
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Before we get into an example of how a working trunked system operates, here are 
some system sounds every user should be familiar with. 

The “chirp” is an indication that the radio is ready for the user to begin talking. The 
chirp is typically a 300 millisecond delay, but if a user begins talking before the 
indication, parts of words or entire words may be cut off.

One common misconception is that a long “bong” is a busy indication. This actually 
indicates that for whatever reason that the radio is unable to communicate with a 
tower.

The fast beep is similar to the sound from a busy call on a telephone. This sound is 
typically only encountered in an emergency or situation where a large number of 
calls are being generated by a large number of talkgroups at the same time.
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When no one is active on system, the only resources being used is the control 
channel (Channel 1) to send status information to and from radios.
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When the first talkgroup request is made (administration) repeater 2 is 
assigned to this traffic.
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When the next talkgroup request is made (PD), repeater 3 is assigned to this 
traffic.
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When the next talkgroup request is made (SO), repeater 4 is assigned for that 
traffic.
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Administration is no longer active, repeater 2 is available for assignment.
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DUI Task Force talkgroup is requesting resources, repeater 5 is assigned, 2 is 
still available for assignment.
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With four agencies now requesting airtime, all resources are temporarily in use. 
If admin would request to talk they would get a busy signal until a repeater 
opens up. If all users were operating together in an emergency over a single 
talkgroup, only one of the four available repeaters would be used.



21

User priorities have been set by the Protocol Committee of the Public Safety 
Communications Council. This has been set to ensure that the most critical radio 
traffic has top priority to the network.

Unless the call is generated by pushing the emergency button, the system will not 
bump a call in progress when a site is busy, but will prioritize and push a higher 
priority caller through the site before a lower priority call will be allowed.

It is very important that agencies have a current list of radios by serial number and 
to whom those radios have been assigned. The radios can be tracked from the 
network switch and remotely disabled if vehicle is stolen, or if an emergency call is 
generated, the agency has a current of who that radio belongs to and where they 
are.
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The site trunking failure is the only failure mode that should be seen on the system. 
This indicates that connectivity has been lost between the site and the Network 
Switch. Trunking features will only be available in the coverage area of the tower, 
and communications to dispatch could be lost.

What this means to the user is that if they are being dispatched from outside the 
area or the coverage of the tower they are registered on, that communication will be 
lost. Communications within the coverage area of that tower will continue as normal, 
with a “site trunking” indication showing on the radio.



23

1. Radio traffic on the system should be kept as much as possible to business. 
Keep in mind that you are using a shared system.

2. General radio protocol is to include called unit, calling unit, and 
channel/talkgroup calling on. There is a national effort to phase out use of 10-
codes, as use & definition of these are inconsistent. Use common language 
whenever possible.

3. Normal local operation would be on assigned  talkgroups. Interagency 
talkgroups should NOT be used for regular dispatch. The use of these 
talkgroups for dispatch purposes often keeps them from being used for the 
intended purpose, for different types of users to have a common radio meeting 
place.

4. One of the most important aspects to the system is the concept of the talkgroup 
following the radio. Even  if a person is not transmitting on the talkgroup, any 
monitored talkgroup from outside of an area will use resources and possibly limit 
local use. It is very important that talkgroups from outside of the immediate 
service area only be monitored if absolutely necessary. Also if you are 
monitoring your home talkgroup outside of your working area, you may be 
missing emergency traffic in the area you are in. There have been a number of 
reports of officers being within a mile of a major accident and not knowing 
because they were not on a local talkgroup.
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This slide covers some system protocols for interagency/emergency operations:

1. For any non-scheduled event or emergency requiring mutual aid, all initial traffic 
will be on the Interagency (INT) for that area. This is another reason NOT to use 
INT for general dispatch purposes. Units responding from outside that area will 
turn to that talkgroup, get information on where to report and what 
communications group they will be part of. If the incident is organized, Special 
Ops talkgroups should have been requested, and assigned to the different 
responsibilities will be given as responders check in to the area.

2. For planned events, Special Operations talkgroups should be scheduled as far 
in advance as possible by calling any of the three State Radio Dispatch centers. 
Notify same dispatch center when event is concluded.

3. Heavy traffic conditions,  the communications center involved, the incident 
commander (IC), or the Communications Unit Leader (COML), have the 
authority to restrict use of the system to essential traffic only if the non-essential 
traffic is interrupting response or recovery efforts.
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SRC talkgroups are for law enforcement use to dispatch. Typically this is the 
primary SRC dispatch to law enforcement set of talkgroups.
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The interagency talkgroups are the mutual aid talkgroups of the system. They are 
for any use where multi-agency communications or any interagency 
communications are required.

Again, these talkgroups are not intended to be routine dispatch talkgroups. We have 
many reports of actual law-enforcement mutual aid situations that were interrupted 
by non-essential traffic. In one case in western South Dakota a chase involving a 
kidnaping was interrupted by a group of firemen returning from fighting a fire. From 
that incident several policies have been initiated, including a marker tone on the 
talkgroup when an emergency situation exists, but the problem remains if this 
talkgroup is not properly managed.

Local dispatch is expected to be conducted on local talkgroups. If a PSAP takes on 
additional area, it is their responsibility to ensure that all radios to be dispatched 
have the correct talkgroups programmed.



Because the Interagency talkgroups are for mutual aid, the system was designed to 
make these talkgroups “broadcast over additional towers to ensure that a call for 
help would be answered. This list outlines those sites that “broadcast” when 
different Interagency talkgroups are used.
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This map was designed simply to give an idea of the coverage areas for particular 
talkgroups. There have been many requests for a visual aid to help users know 
when to rotate between talkgroups, and this was developed for that purpose only.
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The Special OPS zone can be regarded as the emergency standby talkgroups. 
These can be requested for emergencies, and special events and need to be 
requested before use.

Contact information is listed at the bottom of the slide, the dispatch centers track 
assignment and use of these talkgroups.



The STFIRE talkgroups are another set of talkgroups that can be reserved for 
emergencies. STFIRE1 is used by Wild Land Fire to direct resources upon request, 
and can be used to contact that center directly.

STFIRE 1 & 2 can be set aside for mutual aid firefighting with a call to one of the 
dispatch centers listed above. 
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National Weather Service talkgroups are a direct link to the centers located in Rapid 
City, Aberdeen, and Sioux Falls. This will be an invaluable tool for spotters and 
emergency personnel in severe weather conditions.



The EMS talkgroups were developed by the Department of Health to logically group 
hospitals and allow scene to ER communications. These talkgroups can be used for 
ambulance response runs, transports, and flight following.

Hospitals are expected by the Department of Health to monitor the talkgroups and 
quarterly roll-calls to try to enable ongoing compliance.
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This is a map of the layout of the talkgroups and the approved  naming convention 
of the talkgroups.
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Agencies are to consider their talkgroup as their own resource. Permission for 
access to their talkgroup should be granted only after careful review, and no other 
agency should program these talkgroups without agency permission.

Agencies and local dispatch centers are expected to maintain internal 
communications within their assigned talkgroups. Use of talkgroups such as the 
Interagency group are in place to facilitate communications with those operating 
outside of their internal talkgroups.



Listed here are the nationally recognized interagency analog channels. These can 
be programmed without licensing in mobiles/portables, but cannot be used as a 
base without licensing.

As these frequencies are for the most part in the normal pool of available 
frequencies, many of these have been used on the statewide system and use 
should be avoided in the red areas.

These channels are intended for interagency use and should not be utilized as 
normal tactical channels. These channels fit in well with ground operations where 
off-net communications are required between different agencies or disciplines.
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This form is required when an agency is requesting a new talkgroup or is requesting 
ID’s or access to the system. This is a record of the request, contact information, 
etc. that the system manager can use to contact the agency if issues arise.
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This form is used by an agency to request access to another agencies talkgroups. A 
signed form should be retained by the requesting and authorizing agency, and a 
copy sent to the system manager as a permanent record.
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This is the authorization form allowing programming of an agency talkgroup by 
another agency. This form completes the record trail, and should be maintained by 
the authorizing agency, requesting agency, and a copy sent to the system manager.
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This is a map generated by a program that predicts  system coverage. The software 
relies on equipment at the tower sites and mobiles/portables that are properly 
installed and functioning properly. 

The green is the expected coverage to a mobile radio with an external antenna that 
is properly functioning. The most common issue encountered when a user has an 
issue with coverage where predicted is the antenna system.

The system covers approximately 98% of the geography of the state. To put that in 
perspective, that 2% is an area about the size of Hand County if all of the white 
areas were condensed to a single area. Efforts continue to improve coverage in 
areas that are not served as well as others.
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This is a map of the expected handheld (portable radio) coverage generated by the 
same program. Again this relies on a functioning portable radio, fully charged batter 
(5 watts output), and held at head level. Body attenuation for radios worn in a 
holster at the side presents a significant amount of loss to the efficiency of the 
antenna and resulting coverage. If the radio is at the side, inside of a vehicle, this 
can result in another significant reduction in coverage.



These are radio diagrams provided by the SD Department of Health from their 
training program. The pictured radios XTL2500/5000 (top) and XTL1500 (bottom) 
are highly flexible from a programming perspective, but with the on-screen menu, 
are getting easier to find the functions.
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This slide is a screenshot of the potential for the controls on the mobile radios 
shown on the previous slide.

42



43

Another slide from the DOH training program. The XTS5000 is another flexible 
programming radio. Agency radios may be programmed differently.
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Another slide from the DOH training program. The XTS2500 is another flexible 
programming radio. Agency radios may be programmed differently.
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The Spectra Astro was the initial radio issued to the majority of state users. This is 
an older generation radio that is being phased out, but there is still a significant 
number in the field used by agencies such as DOT. 



46

Like the Spectra Astro, the XTS3000 was the initial radio issued to the majority of 
state users. This is an older generation radio that is being phased out, but there is 
still a significant number in the field and is the primary radio in the state radio cache.
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EF Johnson has a line of radios that are currently the only other brand compatible 
with the statewide system. The new 5300 mobile radio maintains the same easy 
user interface in a highly improved radio.
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This slide outlines some of the options for button programming on the EF Johnson 
mobile radios.
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This is a basic overview of the functions of the EFJ 5300 mobile radio.
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This is an overview of the EFJ 5100 portable. The radio button programming is 
flexible to meet the users needs.



There are some basic troubleshooting steps users should take before calling in the 
service shop. Many basic issues are easily addressed in the field and will keep 
downtime to a minimum.

Antenna issues and power connections comprise a significant amount of the issues 
encountered during radio repairs. A degraded or malfunctioning antenna will 
significantly reduce your available coverage, and a corroded power connection 
reduces the current capacity of the wire to the radio, reducing available power to be 
transmitted.

The single approach that will help you isolate your radio issues is ask around if 
other radios are working. If all of your department radios are not working, it could be 
an install or programming issue, ask other departments. Check with HP or DOT to 
see if their experience is the same as yours, as those radios get more maintenance 
than most. If some work and some don’t it is probably not a system issue. If all 
radios have the same issue as yours, please check with dispatch or the system 
manager to see if there are system issues.
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