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OVERVIEW


This section explains the general operation of the Repeater Pal on a top level, “big picture” basis. The information presented here should be useful for evaluating a potential system installation, as primer before jumping into the Programming section for the first time, and for explaining system functions to users on the system.


This section starts out by explaining the relationship between the very often used term "user number" and the decoding of a particular CTCSS tone or DCS code. After discussing some additional user issues related to setting up a valid tone or code, the normal actions of the panel while in normal operation are covered. The last portion of this section covers the operation of system-wide timers and settings.


USERS VERSUS CTCSS/DCS DECODE


Since the Model 37-MAX is a multi-user repeater tone panel, it behaves as though it had a separate decode/encode module for each user group it supports. In reality, this is achieved using a single microprocessor controller and some very smart software to run it. The advantages of this software approach are: 


higher capacity than if we had built the panel using hardware modules. The Model 37-MAX can decode and encode all 50 CTCSS tones and 104 of the DCS codes.


flexibility of configuration at a level that would be difficult to provide for even half as many users if physical switches or jumpers were required to configure user or system attributes


remote programming is as easy as (in fact, works the same as) local programming, which means no more costly trips to the site just to alter a single user or system parameter


In order to reduce the number of commands used in programming and to bring some order to the process of setting up user groups, the Model 37-MAX uses the concept of a "user number" to program features related to a specific CTCSS tone or DCS code. There is a fixed relationship between a user number and the tone or code to be decoded. The user numbers 1 through 50 are used for CTCSS tones (see � REF _Ref348314865 \* MERGEFORMAT �Table 3-1�) and the users numbers 51 through 154 are used for DCS codes (see � REF _Ref348323524 \* MERGEFORMAT �Table 3-2�). The user number "0" is reserved for use with carrier squelch operations. For example, in � REF _Ref348314865 \* MERGEFORMAT �Table 3-1�, the user number 36 corresponds to the CTCSS tone frequency of 186.2 Hz. In � REF _Ref348323524 \* MERGEFORMAT �Table 3-2�, the user number 55 corresponds to the DCS code "032". These represent the tone and code that would be decoded if these two user numbers were enabled. � REF _Ref348323524 \* MERGEFORMAT �Table 3-2� also shows an inverted code next to each of the primary DCS codes. Inverted codes are described in “� REF _Ref353763282 \* MERGEFORMAT �DCS Polarity�” later in this section.
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Table � STYLEREF 1 \n �3�-� SEQ Table \* ARABIC \r 1 �1�. User Numbers versus CTCSS Tones


User #�
Tone�
Motorola Reed Code�
User #�
Tone�
Motorola Reed Code�
User #�
Tone�
Motorola Reed Code�
�
0�
Carrier Repeat�
17�
114.8�
2A�
34�
179.9�
6B�
�
1�
67.0�
XZ�
18�
118.8�
2B�
35�
183.5�
J5�
�
2�
69.4�
WZ�
19�
123.0�
3Z�
36�
186.2�
7Z�
�
3�
71.9�
XA�
20�
127.3�
3A�
37�
189.9�
J6�
�
4�
74.4�
WA�
21�
131.8�
3B�
38�
192.8�
7A�
�
5�
77.0�
XB�
22�
136.5�
4Z�
39�
196.6�
J7�
�
6�
79.7�
WB�
23�
141.3�
4A�
40�
199.5�
J8�
�
7�
82.5�
YZ�
24�
146.2�
4B�
41�
203.5�
M1�
�
8�
85.4�
YA�
25�
151.4�
5Z�
42�
206.5�
8Z�
�
9�
88.5�
YB�
26�
156.7�
5A�
43�
210.7�
M2�
�
10�
91.5�
ZZ�
27�
159.8�
J1�
44�
218.1�
M3�
�
11�
94.8�
ZA�
28�
162.2�
5B�
45�
225.7�
M4�
�
12�
97.4�
ZB�
29�
165.5�
J2�
46�
229.1�
9Z�
�
13�
100.0�
1Z�
30�
167.9�
6Z�
47�
233.6�
M5�
�
14�
103.5�
1A�
31�
171.3�
J3�
48�
241.8�
M6�
�
15�
107.2�
1B�
32�
173.8�
6A�
49�
250.3�
M7�
�
16�
110.9�
2Z�
33�
177.3�
J4�
50�
254.1�
J9�
�



USER OPERATION ISSUES


A short list of topics related to the setup and configuring of the users needs to be covered before discussing normal tone panel operations. 


Disabled Users


The default condition for all users is disabled. The 37-MAX will still be able to decode these tones and codes, but it will not react to them in any way. If a user has been previously enabled and programmed, the user can be disabled without altering any of that programming. If the same user is enabled again at a later time, it will not need to be programmed again to restore its operational configuration. 


Enabled Users


To place a tone or code in service (or in the Reserved mode), the user number that corresponds to the desired tone or code must be enabled. The other attributes and parameters of a user's programming can be set or altered, even if that user is not currently enabled, however, the user must be enabled for any of that programming to take effect. 


�
Table � STYLEREF 1 \n �3�-� SEQ Table \* ARABIC �2�. User Numbers versus DCS Codes


User #�
DCS Code�
Invert.�
User #�
DCS Code�
Invert.�
User #�
DCS Code�
Invert.�
User #�
DCS Code�
Invert.�
�
51�
023�
047�
77�
152�
115�
103�
311�
664�
129�
466�
662�
�
52�
025�
244�
78�
155�
731�
104�
315�
423�
130�
503�
162�
�
53�
026�
464�
79�
156�
265�
105�
325�
526�
131�
506�
073�
�
54�
031�
627�
80�
162�
503�
106�
331�
465�
132�
516�
432�
�
55�
032�
051�
81�
165�
251�
107�
332�
455�
133�
523�
246�
�
56�
036�
172�
82�
172�
036�
108�
343�
532�
134�
526�
325�
�
57�
043�
445�
83�
174�
074�
109�
346�
612�
135�
532�
343�
�
58�
047�
023�
84�
205�
263�
110�
351�
243�
136�
546�
132�
�
59�
051�
032�
85�
212�
356�
111�
356�
212�
137�
565�
703�
�
60�
053�
452�
86�
223�
134�
112�
364�
131�
138�
606�
631�
�
61�
054�
413�
87�
225�
122�
113�
365�
125�
139�
612�
346�
�
62�
065�
271�
88�
226�
411�
114�
371�
734�
140�
624�
632�
�
63�
071�
306�
89�
243�
351�
115�
411�
226�
141�
627�
031�
�
64�
072�
245�
90�
244�
025�
116�
412�
143�
142�
631�
606�
�
65�
073�
506�
91�
245�
072�
117�
413�
054�
143�
632�
624�
�
66�
074�
174�
92�
246�
523�
118�
423�
315�
144�
654�
743�
�
67�
114�
712�
93�
251�
165�
119�
431�
723�
145�
662�
466�
�
68�
115�
152�
94�
252�
426�
120�
432�
516�
146�
664�
311�
�
69�
116�
754�
95�
255�
446�
121�
445�
043�
147�
703�
565�
�
70�
122�
225�
96�
261�
732�
122�
446�
255�
148�
712�
114�
�
71�
125�
365�
97�
263�
205�
123�
452�
053�
149�
723�
431�
�
72�
131�
364�
98�
265�
156�
124�
454�
266�
150�
731�
155�
�
73�
132�
546�
99�
266�
454�
125�
455�
332�
151�
732�
261�
�
74�
134�
223�
100�
271�
065�
126�
462�
252�
152�
734�
371�
�
75�
143�
412�
101�
274�
145�
127�
464�
026�
153�
743�
654�
�
76�
145�
274�
102�
306�
071�
128�
465�
331�
154�
754�
116�
�



Carrier Only Repeat


While the whole point of a "tone panel" is to control repeater operation based on the tone or code being decoded, the Model 37-MAX can also be programmed to repeat on just carrier (sometimes called "carrier controlled repeat", "carrier squelch", or an "open repeater"). When this mode of operation is enabled, the 37-MAX will allow any user to bring up the repeater, regardless of any encode. Users with CTCSS or DCS encode will be treated as the Carrier Repeat user if this mode is enabled. 


The user number "0" has been designated as the Carrier Repeat user. This allows all of the standard user-programmable features for carrier repeat, such as enable/disable, CTCSS or DCS encoding, reserve mode. 


Reserved Users


There will be times when a tone or code stops being used on a regular basis, due to the nature of how the user group assigned to it does business. This idleness places that tone or code at risk of being taken over by another local co-channel repeater system in a busy market, rendering it unavailable whenever the original user wants to resume using "their tone".  


To help prevent this problem, the 37-MAX provides a feature called the Reserve mode. When an enabled user is placed in this mode, the panel will still key upon decoding that tone or code, but it will not pass audio. Instead, the 37-MAX will transmit a beep tone to indicate to anyone monitoring the channel that a reserved tone is in use. The panel will still encode the proper CTCSS tone or DCS code for this user.


Disabling a user number will prevent that user from operating in Reserve mode. Temporary or seasonal users that the system operator plans to use in the future should always be reserved, not simply disabled, whenever they enter a period of idleness. 


Tone Translation


The fixed relationship in the Model 37-MAX is between the user number and the CTCSS tone or DCS code that is decoded. The default is for the panel to encode the same tone or code that is decoded for a user, however, this relationship can be altered in programming. Each user may be programmed to encode any CTCSS tone or DCS code, or to not encode at all. 


NORMAL OPERATION


The items in this subsection cover how the panel behaves while operating in its normal mode. The actions of the Model 37-MAX will be determined by both which features have been enabled in programming and what signals are coming to it from the receiver.


Carrier is Detected


Whenever the 37-MAX receives a carrier detect signal from the receive radio, it will first check to see if the panel is programmed for Carrier Repeat operation (user number "0" is enabled). If Carrier Repeat is enabled, then the 37-MAX will key the transmitter and unmute the repeat audio path. If an encode tone or code has been programmed for the "0" user number, it will be encoded. If the Carrier Repeat function has not been enabled, then the Repeater Pal will not take any actions until it checks for decode of a CTCSS tone or a DCS code.


Valid Tone or Code is Detected


After responding to the carrier detect signal from the receiver and determining that it is not enabled to do Carrier Repeat, the Model 37-MAX will start its decode software routines to determine if there is a CTCSS tone or DCS code in the receive signal. Once the panel determines which tone or code is present, it looks in its user database to see if that tone or code is enabled. If the tone or code is not enabled the panel ignores it. If the tone or code is enabled, the panel checks whether or not it is Reserved. If the Reserved mode is not enabled for that user, then the 37-MAX will key the transmitter, start encoding the programmed tone or code for that user, and unmute the repeat audio path. The 37-MAX will remain in this condition for as long as it continues to receive a carrier indication and the tone or code that it first decoded.


Repeater Hold Time


In order to reduce wear on the equipment and not clip out important parts of the messages sent between users, the 37-MAX does not normally unkey immediately after the transmitting radio user does. It keeps its own transmitter keyed for a short time in anticipation of another radio in the same user group responding to the transmission that just ended. The duration of this repeater hold time is set under system programming and the 37-MAX actually provides two timers, a normal and an alternate. Which timer is used by a particular user is set under user programming. The default values for these timers are Normal = 2 seconds and Alternate = 3 seconds. Both of these timers can be set anywhere from zero to nine seconds, in whole second increments. 


Encode During Repeater Hold Time


Since the tone or code that is encoded by the panel during a radio user's transmission is generated in the panel, it can be maintained independently during the repeater hold time. Normally, the encode is dropped when the radio user unkeys to provide those units monitoring the transmitter frequency of the repeater with a positive indication that the user unkeyed, even though the repeater's carrier is still up. There are, however, valid operating reasons for maintaining the encode for the entire repeater hold time. A common one would be to support the use of radios that had a "busy-channel-lock-out" feature enabled in them. This would both prevent new tones from interrupting conversations in progress, and require that the originating tone or code continue during the hold time so that the radios in the correct group could key up to respond. Whether or not the encoding continues during the repeater hold time is programmable on a per-user basis.


Transmitting Morse Code Station ID


When a valid user has keyed up, the 37-MAX will check the Station ID Interval Timer to see if the programmed interval has elapsed since the last ID. If it has, then the 37-MAX will transmit the call sign programmed in Morse code at 30% of full channel deviation (so that the radio users can continue to talk over the ID). This call sign can be up to eight characters long. There are a number of parameters controlling the ID transmission that can be altered in the field to suit the needs / licensing of the system, they are: 


ID Interval = The period of the ID Interval timer can be programmed from one to 90 minutes (in whole minutes), with the default being 15 minutes. 


ID Mode = The 37-MAX can be set to not ID at all, to ID only when the timer has expired and there has been recent activity on the repeater, or to ID automatically whenever the timer expires regardless of whether there has been any recent activity or not. The default is to ID based on repeater activity. The 37-MAX will fail to ID if there is no call sign programmed into the unit (the default is the call sign is blank), even if one of the two ID modes has been selected.


Morse Code Transmission Speed = The 37-MAX defaults to transmitting its Morse code characters at 22 words per minute, however, it can be set to transmit them at only 11 words per minute.


In order to program the actual call sign into the 37-MAX, all of the characters are converted into pairs of DTMF numbers using the table provided “Station ID Call Sign” in Section 4. They can then be entered into the nonvolatile memory of the tone panel while in the programming mode. The default condition for the call sign memory is blank, and returning it to a blank condition will stop the panel from transmitting its ID, even if the rest of the ID programming is left in an enabled state.


Reserved Mode Users


If the tone or code decoded by the 37-MAX during a transmission belongs to a user that has been placed in the Reserved mode, then the panel mutes the repeat audio path and transmits a covering beep tone to let anyone monitoring the channel know that a reserved user has been brought up. When the transmitting radio user unkeys, the 37-MAX will send out a tone to let that user know about the reserved status as well. 


Courtesy Tone


Even when the users involved are experienced users (and especially if one or more are novice users), there can be a good deal of airtime wasted with both parties to a conversation waiting because they were all uncertain whether the speaker has actually unkeyed and is waiting for a response. The Courtesy Beep feature was developed to help reduce this problem. If it is enabled for the user group in question, then, when the 37-MAX senses that the transmitting radio user has unkeyed, it will transmit a short beep tone right after it mutes the repeat audio path to provide listeners with an audible indication that the user who was speaking has unkeyed. 


Because this feature tends to be one that users either really like a lot, or can't stand at all, it defaults to being disabled, and it can be enabled on a per-user basis. 


Under system programming, the technician can set the pitch of the beep tone used for the Courtesy beep. The default is 1000 Hz, with alternate choices of 500 Hz or 1500 Hz. There is only one pitch selection available, so all courtesy tone users will hear the same one.


SYSTEM OPERATION ISSUES


This subsection covers some features that affect the operation of the 37-MAX on a system-wide basis. 


Repeater Time-out Timer


Whenever the panel keys up its own transmitter, it starts a timer to keep track of how long the transmitter has been keyed. If carrier with a valid tone or code has kept the repeater keyed long enough for the Repeater Time-out Timer to reach its limit, then the 37-MAX will unkey the transmitter and remain unkeyed until the receive signal stops. Once the offending carrier signal has stopped, the panel will function again normally the next time carrier with a valid tone or code is received. As the timer nears its limit, the panel will start transmitting warning tones to indicate that it is about to drop the transmitter.


This timer is not intended as a way to limit users from getting long winded. The Repeater Time-out timer is intended to help protect the repeater transmitter equipment in case of a "stuck mic" accident. This is particularly important for repeaters that use lower power radios which are not designed or rated for continuous-duty operation. 


DCS Polarity


If you look at � REF _Ref348323524 \* MERGEFORMAT �Table 3-2�, you will notice that each of the three-digit DCS codes has an 'inverted' code next to it. The number in the inverted column is the valid DCS code number that would be decoded if you took the original code in the first column and inverted it, that is, changed all the zeros to ones and vice-versa. 


The reason this is of interest to a technician working with the Model 37-MAX (or another repeater controller) is because most analog amplifier stages are also signal inverters, and any time that a signal carrying the DCS encoding passes through a stage all of the data bits in the DCS code get flipped upside down, i.e. inverted. If there is an odd number of stages between the encoder and the decoder, the decoder will see the inverted code and fail to provide a valid decode output. This problem can arise going in either direction, the panel can fail to decode the DCS sent by the radio user, or the radios in the fleet can fail to decode the signal from the repeater. 


One way to handle this problem, once the technician has determined which is failing, the encode or the decode, is to look through � REF _Ref348323524 \* MERGEFORMAT �Table 3-2� and enable the user number that has the necessary code in its Inverted column, or use the tone translation command to set the enabled user's encode to the necessary inversion. This is not a good solution if the system is supporting very many DCS users. 


The Model 37-MAX offers a simple fix for this problem. Since the decode/encode inversion is the result of the physical design of the radio hardware and the tone panel's interface to them, if any of the DCS codes are inverted, then they will all be inverted. The 37-MAX has two complementary sets of commands in its system programming that will independently configure the DCS decoding and encoding done by the panel to be either 'normal' or 'inverted'. 


Repeater Knock-down and Setup


There are any number of reasonable scenarios where a system operator might want to temporarily take a repeater out of service, that is, force it to be idle. One way to do this would be to enter the programming mode and force all programming back to the factory default values. This method carries the high price of requiring the technician to completely reprogram the 37-MAX in order to return it to service. 


Fortunately, the Model 37-MAX has a Repeater Knock-down and a Repeater Setup command. If the technician uses the Knock-down command and then exits the programming mode, the panel will retain all of its programming, but it will not function and service the valid radio users until the technician enters and exits the programming mode again, or the main power is cycled. The Setup command is supplied so that the 37-MAX can be enabled again after certain types of testing or so the Knock-down command can be canceled while still in the programming mode. 





Section �seq sect \c�0�














�seq sect \c�0�-�PAGE�1�





�seq sect \c�0�-�PAGE�1�





Section 3. Operation





Section 3. Operation





�PAGE  �3-8�








�PAGE  �3-7�














� PAGE �3-1�














