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COR Inputs External Disable

trying 1o confarm (o the standard 4-channel
models avallable, Mostrepeater systems may
never nse the Full 8 channels, hat they're
dvailable for eapansion,

The EVS-8 has selectable active-input
states. (A block diagram of the RVS-8 is
showninligure 4:Tigure § iz the schematic.)
Too many times we’d been frustruted (rying
te interface two radios having different car-
rier-operated relay (COR) active siates. One
reeciver always scemed 10 need an active-
high vellage and lhe other would ooly de-
liver an active-low voltage, or ground a tran-
sistor when active. The RVS-8 climinates
such trustration by including programmable
sletex for off individual input contrels. This
mcludes the digilal COR and external dis-
able inputs. Each of the 16 input channels
can be configured to be active-high or ac-
. tve-low, The user settings are stored in non-
volutile, serial, clectrically ¢rasable, pro-
gramwmable, read-only memory (EEPROM)
e retain Lhe information even if power Is
removed.

The display ([383) gives vou an inside
vigw of what's happening with the repeater
system. Lo other systems we've seen. a user
gets an indication of only which receiving
aite 15 selected and whether or not the output
COR 35 active. The RVS-8"5 display gives 2
let tware than that! Toacddilon 102 menw that
displays which channel is currently voted

Figure 4—Block diagram of the RVS-8 voler,

Cseleeted), there™s a meno thal displays which
CORs are currently active. This tells you
which sites are active. A few bells and
whistles were added justfor the tun of it. The
R%5-8 has menus that display the most- and
least-active channels. Becaose the micropro-
cessor makes the decisians an which channel
to selecl, 1 can also keep records of that, It
storgs the identiry of the last |00 sites it voted
and continualty calcnlates which one was
most and least voted. This s a neat feature if
vou need to measure site activity. Another
menu lers vou see the number of hits (ol of
the lasl 100 Tor cach channel,

A great feature iz the S/ display. Be-
cause the voter gets a digital number repre-
senling the S/N, that number can be con-
verted into decibels and displayved. You
can select to view a 10-clement bar geaph
{10dR perelementy o see the aclual number
in decibels (in 5-dB inerements). This [ea-
ture turns the voter display into an S-meter,
except that ie’s based on the gquizring level
of the 5/N instead of the recelved signal
strength. {Under normal circumstances,
they're nearly equal.}

The disable system adds a lol of [texibil-
ity to the voter, One of the menus displays
the currently disabled channels. With the
interface, you can select and cnable or dis
able each channel. Yourselections are stored
inthe nonvolatile sertal EEPROM. There are

also cight inpul lines on the back panel that
externally disable the corresponding char-
nel. D eourse, the external disable inpuls can
bu programmed to be active hizgh or low. The
external disable is great if vour controlier has
digital outpots that can be selected by DUTMF
tones (¢ allow remote disabling.

The eight COR inputs (I6) can be pro-
grammed ta be active high or Tow. The digi-
tal signal {COR sgqueleh inpul) on the back
panel has its own group of sishi screw con-
nections (J4). The COR inputs use a voltage
reference 1o determine the state: Yo 3 V iy
oft, and 7 1o 20 ¥ is on.

The RY5-8 also has a user-scleciable
hysteresis level. The hysieresis level is the
amount of signal required of a new channel
to be selected in lieu of the active channel.
Hysteresis is desirable becavse in keeps the
voler [rom rapidly switching back and forth
belween sites when the signal is nearly
equivalent ateach site. Unless the audio Jey-
cls are perlfeetly matehed, iU would deliver
annkying awdio Lo lisleners, The hysteresis
level is selectable in 1-dB steps from 0 to
20 dB. A typical setting is about 5 to {0 dB,

Clreults

The RVS-R can be hroken down o
three main sections: the SYN converlers, the
auser interfaee and the microprocessor
section.
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Figure 5—Schematic of the RVS-8 circuit. Unless otherwise specified, resistors are '/s-W, 5%-tolerance carbon-composition or film
units. Equivalent parts can be substituted. DK part numbers are Digi-Key (Digi-Key Corp, 701 Brooks Ave S, PO Box 677, Thief River

Falls, MN 56701-0677; tel 800-344-4539, 218-681-6674; fax 218-681-3880).
J2—5-pin screw, panel mount

D1—1N4001

D2—1N4148

DS1, DS2—Red LED

DS3—Timeline 2-line x 16-character LCD
J1—2-pin screw, panel mount
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J3, J6, J8, J9—10-pin DIP header,

0.1-inch spacing
J4, J5—39-pin screw, panel mount
J7—5-pin DIP header

K1—SPDT 12-V relay
G5L-112P-PS-DC12
Q1, Q2—2N3904

(DK Z721; Omron
)

R73-R80, R125, R136—100 kQ,

PC-mount potentiom

eter (DK D4AA15;
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Panasonic EVN-D8AA03B15)
81-S3—SPST momentary pushbutton
S4—SPST toggle switch
U1—68HC11 microprocessor
U2—X68HC75 programmed port expander

and EEPROM; see Note 1.

U3—X25020 256 x 8-bit SPI serial

EEPROM

U4—MC34064 undervoltage sensing
circuit

U5—LM78L05 3-terminal positive 5-V,
100-mA voltage regulator

U6—LM339 low-power, low offset-voltage
quad comparator

U7, U8—4051 8-channel analog MUX/
DEMUX

U9-U11—4503 hex noninverting three-
state buffer

U12-U15—LM324 low-power quad op amp

U16-U19—CA3240E dual BIMOS op amp

Y1—8-MHz crystal

Misc: 52-pin socket; 44-pin socket; 8-pin

IC sockets; 14-pin IC sockets; 16-pin IC

sockets; enclosure, hardware.
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Table 1

User Interface Switch Action

Menu Channel Switch Data Switch EEPROM Write
(1) (52) (S3)

Current voted N/A N/A No
Current CORs N/A N/A No
Disabled channels Next channel Toggies high or low Yes
Most voted N/A N/A No
Least voted N/A N/A No
Hits/channel Next channel Reset all channels No
COR state Next channel Toggles high or low Yes
Hysteresis N/A . 0to20dB Yes
Channel S/N Next channel Bargraph or decibels No
Disabled state Next channel Toggles high or low Yes

Table 2

RVS-8 Connector Pin-Outs

Ji-1 +12V J5-8 Audio In 8
J1-2 GND J5-9 GND

J2-1 K1 NO contact J6-1 Selection 1
J2-2 K1 common J6-2 Selection 2
J2-3 K1 NC contact J6-3 Selection 3
J2-4 Audio Out J6-4 Selection 4
J2-5 GND J6-5 Selection 5
J3-1 Disable 1 J6-6 Selection 6
J3-2 Disable 2 J6-7 Selection 7
J3-3 Disable 3 J6-8 Selection 8
J3-4 Disable 4 J6-9 GND

J3-5 Disable 5 J6-10 +12V

J3-6 Disable 6 J7-1 GND

J3-7 Disable 7 J7-2 Menu

J3-8 Disable 8 J7-3 Data

J3-9 GND J7-4 Selection
J3-10 +12V J7-5 COR LED
Ja-1 COR 1 J7-6  On/Oft LED
J4-2 COR2 J8-1 Contrast
J4-3 COR3 J8-2 GND

J4-4 COR 4 J8-3 +5V

J4-5 CORS5 J8-4 GND

J4-6 COR 6 J8-5 Data

J4-7 COR7 J8-6 WR

J4-8 COR 8 J8-7 D3

J4-9 GND Jg8-8 D2

J5-1 AudioIn 1 J8-9 DI

J5-2 Audio In 2 48-10 DO

J5-3 AudioIn 3 J9-1 GND

J5-4 Audio in4 Jg-2 n.c.

J5-5 AudioIn5 J9-3 n.c.

J5-6 Audioin 6

J5-7 Audioln?7

n.c. = No connection

Signal-to-Noise Converters

The foundation of the voter is its the ability
to measure the noise of an audio signal and
present it as an analog voltage to the micropro-
cessor. The eight S/N converters are similar in
design to those of Mark Kolber’s Audio-Noise-
Based Voting Circuit.? Like Kolber’s, each
S/N converter uses a separate input buffer,
high-pass filter, noise rectifier and a smooth-
ing circuit for each channel. The RVS-8 goes
one step farther by allowing the output of each
converter to deliver a voltage representation of
the S/N. This is a 0 to 4-V signal that is read by
the ADCs in the microprocessor. The higher
the audio noise, the higher the ADC voltage.
The microprocessor can then keep statistics on
each signal and mathematically vote to see
which channel to select.
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The RVS-8 adds an extra two-pole high-
pass filter to provide a steeper roll-off of the
signal’s voice components. The two-pole
high-pass section rolls off frequencies below
5 kHz, and the 1-pole high-pass section pro-
vides additional roll-off of frequencies be-
low 3 kHz. Once a channel is voted, U7 se-
lects and passes the audio signal of the
channel with the best S/N. U8 decodes and
brings the selection to the back panel. This
output allows for triggering an external de-
vice (such as a voice chip or repeater control-
ler) with the selection. The selection out can
be continuous or COR-activated and is cho-
sen using a jumper. In continnous mode, the
output always shows the last channel voted.

When COR is on, the output has a signal
only when the COR is active. High-imped-

ance (10-kQ) op-amp buffers on the input:

don’t load down the receiver—you can even
use speaker audio from most receivers. A
potentiometer on each channel allows adjust-
ment of the audio-input voltage for a gain of
0 to 20 dB. This permits easy audio-level
matching of multiple receivers.

Each channel is equipped with a potenti-
ometer to adjust the “noise level” of each
input. This allows each channel to be custom
calibrated to provide the same noise voltage
tothe ADCs. The adjustment can also be used
to favor a particular channel by reducing the
apparent noise seen by the microprocessor.
Only a voltmeter is needed for calibration.
After the analog selection switch, a potenti-
ometer (R125) adjusts the overall level of the
audio sent to the transmitter. Audio-section
frequency response is excellent: 0 dB from
300 to 6000 Hz. Total harmonic distortion is
less than 0.5%.

User Interface

The user interface consists of three input
switches (S1 to §3), a 2-line by 16-character
LCD module (DS3) and the back-panel con-
nectors. DS3 provides different information
according to the menu selected. The input
switches control the menu, channel and data
selection presented by the LCD.

Ten menus provide information to the
user (see Table 1). Pressing S1 (MENU)
cycles the display through the menus. In cer-
tain menus, S2 (SELECTION) cycles the dis-
play through the channel selections. The
channel selection for COR state, hits per
channel, disabled channels and disabled state
are tied together internally by software. If

you select channel 3 in the Disable menu,
you’ll automatically be set to channel 3 when
you switch to the COR State menu. S3, the
data-selection switch (DATA) cycles through
the available choices for each channel and
menu.

The back-panel connectors include
POWER, COR, AUDIO OUTPUT, DISABLE IN-
PUT, COR INPUT, AUDIO INPUT and SELEC-
TION OUTPUT. The POWER, COR OUT, CORIN
and AUDIO IN are screw type terminal blocks.
The DISABLE IN and SELECTION OUT are 10-
pin, right-angle DIP headers (see Table 2).

Microprocessor Section

The microprocessor, Ul, is an
MC68HC11A1FN. Internal to the chip are
512 bytes of EEPROM, 256 bytes of RAM
for data storage, an 8-bit output port, an
8-bit input/output (I/0) port, an 8-channel,
8-bit analog-to-digital input port and an
8-bit timer port. There’s also a serial port
(useful for RS-232-C connections) and a
high-speed serial peripheral interface (SPI)
port. Because more than the 512 bytes of in-
ternal memory are needed for the RVS-§,
U2-—a Xicor X68C75 EEPROM and port-
expansion chip—is used. It contains §192
bytes of nonvolatile program space and an
address decoder system to turn Ul’s two
8-bit address ports into bidirectional 1/0
ports.

U3, aXicor X25020 serial EEPROM (256
bytes), stores a user’s custom settings. It’s
connected to Ul’s high-speed SPI port. The
EEPROM has a high life cycle of 100,000
writes per byte. This means you’d have to
make more than 25 changes on the same data
in the RVS-8 every day for 10 years before
U3 would wear out.

One of U2’s 8-bit I/O ports is used for
DS3. Four bits are used for the data transfer
from U1 to the LCD. Other bits set the read/
write line, the data/command line and read
the busy line. U2’s other 8-bit I/O port is
configured as an input port and used to detect
digital COR and external disable inputs. U2’s
eight ADCs are inputs for the S/N voltage of
each channel. U2’s timer port controls the
selected audio output, reads the user
switches, controls the transmitter COR and
selects either the digital CORs or external
disable inputs.

The RVS-8 operates on 12 V dc. A voltage
divider provides 6 V to the op-amp circuits. An
on-board regulator (US5) provides Ul and the
memory chips with 5 V. The primary current
consumers are Ul and the memory chips (at
50 mA). The rest of the circuit draws about
40 mA, making the total current consumption
less than 100 mA. U1 also needs a power su-
pervisory circuit (U4) to provide a proper
power-on sequence and to place the processor
in a known reset mode when powering down.
The powering-down protection is important
because it keeps Ul from accidentally over-
writing or erasing the EEPROM that contains
the program. U4 also keeps U1 from “running
away” if the supply voltage drops below 4.7 V.

Construction
Because of the relatively large number of






