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ABSTRACT

The agricultural telecommunications repeater is an integral com-
ponent in the crop water management research activity at the University
of Arizona. This UHF band fepeater provides a means of transmitting data
and commands between the remotely located research farms and the Univer-
sity. Lead-acid batteries and solar collectors supply power for the
repeater. A temperature dependent charge regulator varies the solar
collector voltage applied to the batteries during recharging. The
repeater retransmits only those incoming signals containing either a
specific sub-audible tone or valid FSK tones and operates with or without
microprocessor control. A microprocessor continually monitors and re-
cords operating and environmental parameters of the repeater including
solar collector output, battery charge current and ambient temperature.
Thé acquired data forms a diagnostic report which is transmitted to the
University twice daily. An auxiliary terminal, microphone and speaker

provide additional on-site diagnostic tools.
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CHAPTER 1
INTRODUCTION

Data acquisition and environmental contrcl or monitoring are es-
sential elements of many research efforts. Frequently, the acquisition
of data is conducted within a laboratory environment where conditions can
be tightly controlled and monitored. Large-scale agricultural research,
however, has the disadvantage that data acquisition typically must be
conducted over large areas at remote locations. This introduces two basic
problems commonly encountered in agricultural research: (1) developing
a method of acquiring data over a significantly large area, and (2) de-
veloping a means of transporting the data to a local facility for proc-
.essing and analysis.

One of the recent agricultural research efforts at the University
of Arizona has focused on the development of a crop water management
system (1,2,3). This research activity is based at private farms near
Coolidge, Arizona, about 75 miles north of Tucson and the University of
Arizona (Fig. 1). The crop water management system is structured around
a network of microprocessor controlled data acquisition units called
portéble observation devices or PODs. The PODs are partially buried di-
rectly in the fields and are solar powered with battery storage. Each
POD is surrounded by wired sensors. The sensors are small palladium rods
which are inserted directly into selected crops in the field. A sensor
return path or electrical ground is provided by locating a silver-chlofide

1
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electrode in the ground near the pod. Since the aim of this research
activity is to provide a system of water management, these sensors were
originally designed to generate a voltage proportional to the quantity
of water stored within a plant, Four times each hour tﬁe PODs measure
the voltage across the sensors and store the results in the microprocessor
memory. The PODs are alsc equipped with a smail transmitter and antenna
and twice daily the stored data is transmitted té a farm house via an FN
signal carrier. At the farm house the data is processed and stored using
a personal computer. Analysis of the data is intended to determine the
water or irrigation requirements of the crops. OControl of water used for
irrigation is provided by pump site stations.

Obviously, the development of the in-field PODs has provided a
solution to the agricultural research problem of acquiring data over large
areas. However, the farm house where data is received, processed and
stored, is located on the farm and is a considerable distance from the
University of Arizona. Consequently, as_research efforts continue to
progress, a substantial loss of time and expense results from frequent
travel between the University and the farm. This is precisely the second
type of difficulty often encountered in agricultural research. That is,
aeveloping a means of transporting remotely acquired data to a local fa-
cility. Since the PODs already transmit information via an FM signal
carrier, aﬁ ideal solution is to send POD data directly to the University,
possibly bypassing the farm house altogether. Unfortunately, direct
communication between the PODs and the University is not possible because

of the presence of mountains in the 'line-of~sight' communication path.
P g P
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One solution to this problem, however, is to install a repeater
station in an intermediate location accessible via the FM signal carrier
to both the University and the research farm. A repeater allows data from
the farm to be transmitted directly to the University and, likewise,
control information to be sent back. The design, fabrication and in-
stallation of an agricultural telecommunications repeater as a solution
to this problem is the topic of this thesis. Although utilization of a
repeater is not uncommon, tﬁis repeater is unique in that is designed to
satisfy specific requirements as an integral component of the crop water
management system. The repeater to be discussed is solar powered with
microprocessor control, providing capability for receiving and transmit-
ting both data transmissions and voice communications. The received and
transmitted signal strengths are monitored for most repeated trans-
.missions. Additionally, the repeater transmits daily diagnostic infor-
mation relating to its self status and physical environment.

The repeater is to be installed on Newman Peak about 50 miles
north of the University. This peak provides the desired intermediate

location between the University and the research farms (Fig. 1).
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CHAPTER 2

DESIGN REQUIREMENTS

The repeater design requirements can be divided into 3 key areas.
The first and obvious requirement is that the repeater provide the capa-
bility to receive and retransmit FM signal transmissions. Secondly, the
repeater must provide a self-contained power source. Finally, the
repeater must provide self diagnostic information and trouble-shooting

tools.

Communication Requirements

As discussed previously, the original motivation for installing
a repeater was to enable PCD data to be transmitted from the farm to the
University of Arizona. This, of course, requires that the receiver car-
rier frequency of the repeater be exactly the same as the transmitter
frequency of the POD. The transmitter frequency of the POD is currently
licensed by the Federal Communications Commission (FCC) at 456.7875 MHz.
Besides receiving incoming signals, the repeater must simultaneously re-
fransmit this information. Obviously, fof simultaneous operation of both
the receiver and transmitter, the modulation frequency of the received
signal must be different from the modulation frequency of the transmitted
signal. In response to this requirement, the FCC has also granted au-
thorization for operation at 451.7875 MHz. (Note that frequencies of

456.7875 MHz and 451.7875 MHz are located in the UHF frequency band.
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Frequencies in this band depend on direct-wave, or "line-of-sight" com-
munication paths. This explains the inabiiity to send informatiqn di-
rectly from the farm to the University without a repeater.)

As of 23 March 1987, the FCC requires that the repeater not exceed
an effective radiated output power of 100 Watts and that the antenna not
exceed 100 feet in height from the ground. The maximum allowable carrier
bandwidth is 20 kHz and the maximum frequency deviation is +/-5 kHz. From
these specifications the worst-case baseband bandwidth can be estimated.
This bandwidth represents the maximum frequency at which the carrier
bandwidth of 20 kHz would not be exceeded if the signal had maximum am-
plitude. Assuming wideband frequency modulation, that is, assuming the

maximum frequency deviation is greater than the baseband bandwidth, the

bandwidth of the FM carrier is given by
FM Bandwidth = 2(f + 2B)

where f is the frequency deviation and B is the baseband bandwidth.
Solving for B and using the above specifications for carrier bandwidth
and deviation results in a maximum baseband bandwidth of 2.5 kHz (if the
signal has maximum amplitude).

The PODs transmit data using a 1/2 wave length dipole antenna
(approximately 12-13 inches high) with an ocutput power of 1-2 Watts. POD
data is encoded using Q 1200 baud FSK digital carrier with tone frequen-
cies of 1.2 kHz and 2.2 kHz. These tone frequencies are the standard
values used for 1200 baud FSK coded data. Obvicusly, neither frequency

exceeds the 2.5 kHz maximum bandwidth.
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The repeater is also required to provide the capability to re-
transmit intelligible voice communications. This permits verbal updates
and instructions to take place between personnel at the University and
the farm. Typically, voice frequencies range from 0.3 to 3 kHz. Obvi-
ously, this range will exceed the 2.5 kHz maximum bandwidth if the fre-
quencies gbove 2.5 kHz have maximum amplitude: However, the frequency
content of veoice information has little energy above 2.5 kHz. Conse-
quently, the retransmitting of voice information should not cause the FCC
bandwidth constraints to be exceeded. To further insure that the repeater
remains within bandwidth requirements the transmitter can be calibrated
to provide a maximum frequency deviation somewhat less then 5 kHz.

Generally, private applications such as the wat;r ﬁbnagement
system are licensed by the FCC as secondary low power users. Although
. primary users do not operate at the same center frequencies as secondary
users, they do operate at much higher transmitter powers and in some in-
stances at wider frequency deviations. Consequently, primary users may
radiate energy at frequencies near those frequencies licensed to second-
ary users. This requires that the repeater sharply filter out extraneous
radiated signals from these primary users. This optimizes the repeater
eapability to retransmit the low power POD data and voice communications.

It is reasonable to assume that other users may be transmitting
information at the repeﬁter frequencies. In additionm, spurioué trans-
missions at the repeater frequencies are often generated spontaneously.
This introduces an additional requirement that the repeater have the ca-

pability of detecting and repeating only valid transmissions, while



excluding all other transmissions. Consequently, all voice communi-

cations are encoded with a low frequency sub-audible tone. The repeater
is required to de;ect this tone before retransmitting the incoming voice
signals. TFor FSK data communications the repeater is réquired to detect

the frequency tones at 1.2 kHz and 2.2 kHz before retransmitting.

Power Source

The remote location of the agricultural telecommunications
repeater on Newman Peak entails that electrical power is not readily
available. This requires that the repeater have a self-contained power
source. This also implies that that power conservation is a critical

necessity and that the repeater use low energy components.

Diagnostic Requirements

Access to the repeater installation on Newman Peak will be both
difficult and time consuming. The repeater is also subjected to signif-
icant environmental stress, such as temperature cycling and possible
lightning strikes. Therefore, it is imperative that the repeater use high
reliability components and that protective devices be included.

The repeater is also required to provide a daily diagnostic report
of its self-status and operating environment. This data includes: (1)
solar collector current, (2) battery voltage, (3) battery charge current,
(4) key supply VQltageé, (5) transmitter output power, and (6) inside and
outside temperatures. The repeater is required to monitor these parame-~

ters regularly, and transmit the data to the University daily.
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Additionally, the repeéter is required to monitor the strength
of incoming signals. This information provides a pointer to PODs or other
devices which may have weak or improperly functioning. transmitters.

To aid trouble-shooting efforts while at the repeater installa-
tion, the repeater is required to contain an auxiliary microbhone and
speaker. This provides the capability for verbal communication from the
repeater site to other locations. An auxiliary terminal hook-up is also
“required to query the microprocessor for status and diagnostic informa-

tiomn.



CHAPTER 3
SYSTEM ARCHITECTURE

The systeﬁ architecture of the agricultural telecommunications

repeater can be separated into 5 basic areas:

1. TFM signal processing

2. Baseband signal processing

3. Power distribution and control

4, Diagnostic data acquisition

5. Mic;oprocessor control
Each area is included in the repeater architecture to provide specific
solutions for the design requirements discussed in Chapter 2. This
'chapter presents an overview of the repeater system architecture while
detailed discussions are presented in later chapters. A block diagram
of the system architecture is shown in Fig. 2.

The FM signal processing section is composed of the antenna, the
duplexer, the FM receiver set at 456.7875 MHz and the FM transmitter set
at 451.7875 MHz.- The duplexer provides isolation between the receiver
and transmitter and permits the antenna to be used for both receiving and
tranémitting FM signals. The receiver demodulates the incoming FM signal
to recover the original baseband information. The baseband signal is then
fed to the baseband signal processing board. Similarly, the transmitter
modulates and transmits baseband signals input from the baseband signal
processing board.

10
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The baseband signal processing board proyides valid signal de-
tection, FSK modulation and demodulation, and filtering and gain. In-
coming baseband signals from the receiver are first processed by tone
detection circuits. If either the sub-audible tone used in voice commu-
nications or the FSK tones used in data communications are detected, the
transmitter is activated and the baseband signal is retransmitted. In
addition, FSK information is decoded to generate an RS8-232 binary signal
which is then fed to the microprocessor board. Similarly, RS-232 binary
signals from the microprocessor are FSK encoded and fed to the transmit-
ter. The baseband signal processing board also provides appropriate
filtering and gain for all baseband signals before they are fed to the
tran§mitter.

The power distribution and control section of the repeater is
. composed of the solar collectors, the storage batteries and the power
distribution and regulator board. The power distribution and regulator
board generates and distributes supély voltages for all repeater compo-
nents. Each supply voltage is available both continuously and as a
switched supply. In addition, a temperature dependent regulator gener-
ates the charge voltage applied to the storage batteries from the solar
éollectors. The charge voltage is varied as a function of temperature
to extend the life of the batteries,

The diagnostic &ata acquisition board is controlled by the
microprocessor to meaéure key operating parameters within the repeater.

All sensors generate a DC voltage proportional to the sensed device or
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mechanism. This voltage is then converted to a binary number which is
stored in the processor memory for later transmission.

The microprocessor board is the primary controller for the
repeater iﬁstallation. Control lines f;om the ﬁrocessof éxtend to the
baseband signal pfocessing board, the diagnostic data adquisition board
and the power distribution and regulator board. This provides the
processor with the capability to monitor receivaf and transﬁitter opera-
tion, receive remote data or commands, transmit self-status or responses,
acquire diagnostic data, and control switchable power supplies. Use of

a microprocessor also provides flexibility for future changes and en-

hancements.



CHAPTER 4
FM SIGNAL PROCESSING

The FM signal processing section of the repeater is composed en-
tirely of purchased components. This includes the antenna, duplexer,

receiver and transmitter.

Antenna
The repeater installation uses a ASPD701 UHF broadband collinear
antcaona. The collinear antenna contains an array of interconnected 1/2

wavelength coaxial sections with 1/4 wavelength sections on each end and
a 1/4 wave stub at the feedpoint. These radiating elements are enclosed

.in a fiber glass tube which extends 16.2 feet high. The antenna provides

a minimum of 8.25 dB omnidirectional gain. This permits users of the

repeater installation to locate at any angle to the repeater provided a

"line of sight' communication path is maintained. In addition, a light-

ning arrester is connected between the duplexer and the antenna to provide

protection from lightning strikes (see Chapter 9).

Duplexer

The duplexer assembly provides isolation between the transmitter
and receiver. This permits both devices to share the same antenna.
Specifically, the repeater installation uses a Telewave TPRD-4544
duplexer, This duplexer is constructed of 4 separate cavities; two
bandpass-bandreject cavities for each of the two operating frequencies,

14
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This results in a minimum of 75 dB isolation between the receiver and

transmitter frequencies.

Receiver

The repeater uses an off-the-shelf SCR450 high performance UHF
receiver. This receiver is connected'to the duplexer which feeds incoming
FM signals centered at 456.7875 ﬂHz. The receiver demodulates these
signals to retrieve the baseband information which is then fed to the
baseband signal processing board (see Chapter 5).

As discussed in Chapter 2, strong out-of-band signals generated
by primary users may be present in the incoming FM signals. To greatly
reduce the possibility of spurious noise because of these strong signals,
a FL-4 UHF helical resonator preselector is installed in the front end
of the SCR450 receiver assembly (Fig. 3). This preselector combines two
2-pole helical resonators with an intermediate 10 dB RF amplifier stage.
This provides a very sharp bandpass filter with 30 dB attenuation at
+/-4.5 MHz from the center frequency.

In the SCR450 receiver the helical resonator replaces the RF
preamplifier and amplifier that are normally used. This entails that the
output of the preselector is fed directly to the first mixer. The
oscillator frequency feeding the first mixer is set at 435.3875 MHz. When
multiplied by the incoming FM signal this produces an IF frequency carrier
of 21.4 MHz. The mixer output is passed through a 4-pole IF filter, a
gain stage (approximately 30 dB) and a second 4-pole IF filter.

The 21.4 MHz IF signal is fed to a second mixer stage which has

" an oscillator input frequency of 21.855 MHz. This generates a second IF
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signal output at 455 kHz. This is followed by a limiter amplifier to
remove the effects of any amplitude variations in the signal and then to
an FM quadrature detector where the original baseband signal is recovered.

The bageband signal is passed through a deemphasis filter to re-
move the effects of the preemphasis filter in the transmitter (see
Transmitter). The output of the deemphasis filter is connected to the
baseband signal processing board. This provides a baseband signal without
the low frequency filtering of later stages which remove the sub-audible
tone if present. The peak-to-peak amplitude of the output signal from
the deemphasis filter is approximately 400 mV for a good FM signal. The
deemphasis filter output is also fed to a power audio amplifier. Am ex-
ternal speaker is connected to this output and with the auxiliary micro-
phone provides capability for audic communication from and to the repeater

_installation (see Chapter 5).

Transmitter

The transmitter assembly used in the repeater is an off-the-shelf
SCT410B UHF transmitter. Baseband signals are fed to this transmitter
from the baseband signal processing board (see Chapter 5) where it is FM
modulated at 451.7875 MHz and then fed to the antenna. |

Fig. 4 shows that the transmitter front end consists of a clipper
filtér and AF amplifier. The clipper filter limits the maximum signal
amplitude of the baseband signal. This subsequently determines the max-
imum frequency deviation. A sub-audible low frequency tone is fed into
the AF amplifier from the TS-32 tone encoder/decoder (located on the

baseband signal processor board and discussed in Chapter 5). In addition,
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the AF amplifier stage provides preemphasis shaping of the baseband sig-
nal. This produces a signal which has equal amplitude across the bhand-
width of the baseband signal. This provides increased imﬁunity to noise
particularly at the higher baseband frequencies.

The amplified and filtered baseband signal is fed to an oscillator
stage containing a varactor diode in series with a crystal. This stage
generates an FM modulated output which is connected to a series of
multipliers to iﬁcrease the carrier frequency to 451.7875 MHz. The signal
is then fed to several driver stages and a power amplifier. Since the
© oscillator frequency will vary as a function of temperature, the temper-
ature of the oscillator assembly is maintained at approximately 65C using
a crystal oscillator oven assembly.

An isolatér and power monitor are connected in series between the
. transmitter output and the duplexer input. The isolator prevents trans-
mitted signals from being reflected back into the transmitter. The power
monitor is used to determine the transmitter output power and is used as

a diagnostic tool (see Chapter 7).



CHAPTER 5
BASEBAND SIGNAL PROCESSOR BOARD

The baseband signal processor board is designed to function in a
stand alone mode with or without mic;oprocessor control. In either case,
valid incoming signals will be retransmitted. However, without the
microprocessor the repeater will be unable to brovide diagnostic data.
The microprocessor interface is composed of an RS§-232 input/output port
and transmitter sense and control lines. Besides the microprocessor
interface, the baseband signal processing board has interface connections
to the receiver, transmitter, and the auxiliary microphone. Power to the
receiver and transmitter is supplied through these interfaces. The
' baseband signal processing board is composed of 4 interconnected sub-
sections: (1) analog multiplexer, (2) FSK encoder and decoder, (3) sub-
audible tone decoder and, (4) transmitter control logic (see Fig. 5). A
complete schematic of the baseband signal processor board is included in

Appendix D.

Analog Multiplexer

The analog multiplexer gates analog signals from the receiver,
the microprocessor and fhe auxiliary microphone through to the transmit-
ter. Fig. 6 shows that the multiplexer is created by using LM4250 pro-
grammable operational amplifiers. The LM4250 is a general purpose

amplifier which has an input connection to provide external control of
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the quiescent bias current. This capability is used to create an analog
switch by adding a logic controlled transistor stage to the quiescent
current inpuﬁ. "When the logic input is low the quiescent current is zero
and the amplifier is deactivated. Conéersely, when the logic input is
high the quiescent current is turned on and the amplifier is activated.

The value of the quiescent current is determined by the voltage
drop across the emitter resistor of the transistor stage. The approximate
value of this current is given by

Vi - Vd - Vbe
I =

Re

where Vi is the logic input voltage, Vd and Vbe are the voltage drops
across the diode and base-emitter junctions respectively, and Re is the
emitter resistance. In general, LM4250 performance characteristics im-
prove as the quiescent current is increased. However, at 15-20 ui there
tends to be limited additional performance improvement with increased
quiescent current. Consequently, the value of the quiescent current used
in the design of the analog multiplexer is set at 16=17 uA. This provides
near optimum performance while minimizing current consumption.

One advantage of using the LM4250 as an analog switch is that each
amplifier can be configured independently to provide gain and filtering
and thereby satisfy unique requirements for the input signal. Not
unexpectedly, the input amplitudes of each signal fed to the LM4250 am-
plifiers are different. Since the transmitter cannot be readjusted for

each input, the LM4250 amplifiers are required to provide the necessary
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gain to generate output amplitudes that are approximately equal. A 1 volt
peak-to-peak output amplitude is the design point selected for the LM4250
amplifiers. This value represents a gain of 1 for the largest of the
input signal inputs, the processor FSK signal.

Fig. 6 shows that each LM4250 has been configured as a inverting
amplifier, where the gaih is determined by the feedback resistance divided
by the input resistance. As discussed in Chapter 4, the nominal output
signal amplitude of the receiver signal source is 0.4 volts p-p. There-
fére, a gain of approximately 2.5 is required by the LM4250 amplifier
stage. The incoming processor FSK signal is already adjusted for a 1 volt
p-p amplitude (see FSK Encoder and Decoder). Therefore, the gain of this
stage is set at unity. Finally, the auxiliary microphone requires a gain
of 100 for an output amplitude of 1 volt p-p. This amplifier alsoc in-
cludes a low pass filter and a peak amplitude limiter. The 3 dB cutoff
frequency is set at 3 kHz since the microphone is used strictly for voice
transmissions. The clipping diodes limit the peak signal amplitude to
1.5 volts p-p.

Referring once again to Fig. 6, it can be seen that the LM&4250
amplifiers are all AC coupled to a common second stage LM11CN operational
émplifier. This second stage amplifier is configured as an inverting 2nd
order low pass filter providing high frequency noise suppression. The
cutoff frequency design‘point for the 2nd order low pass filter is set
at 13 kHz. This is approximately an order of magnitude greater than the
maximum bandwidth of any baseband signal fed to the transmitter. This

provides reasonable high frequency suppression without disturbing the
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;utoff frequencies of previous amplifier stages such as the microphone
amplifier and the tone decoder. The output of the 2nd order low pass
filter feeds directly to the transmitter.

Normally in designing this 2nd érder low pass filter, the resistor
values are made equal simplif&ing the design equations significantly.
Specifically, if the resistors are selected to be 1 ohm, the capécitor
values are given by (4)

1
Cl1 = 3Q €2 = —
3Q
where the center frequency has been normalized to 1 Hz. If the circuit Q
is set at 0.707 the center frequency is exactly the 3 dB cutoff frequency
of the amplifier. This gives a value of Cl = 2.121 F and
C2 = 0.471 F. Scaling the capacitor values for resistors of 1 kohm and

a cutoff frequency of 13 kHz gives Cl = 0.026 uF and €2 = 0.0057 uF.

FSK Encoder/Decoder

The FSK encoder and decoder circuits provide remote communication
capability to and from thé microprocessor via the FM signal carrier.
Additionally, the FSK demodulator is used to detect all valid FSK tones

and activate the transmitter to repeat valid incoming FSK signals.

FSK Modulator
The FSK encoder or modulator converts R5-232 binary data from the
microprocessor into a sequence of tones (or FS8K) corresponding to the

instantaneous binary signal level., As discussed in Chapter 2, the fre-
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quency tones used for the 1200 baud transmission rate are set at 1.2 kH=z
(low binary level) and and 2.2 kHz (high binary level).

. The FSK modulator is implemented using an ICLB038 waveform gen-
erator (Fig. 7). fhis IC is configured as a variable audio oscillator
where the output sine wave frequency on pin 2 is a function of the voltage
difference between Vcc (pin 6) and the FM sweep input (pin 8). The output
at pin 2 normally ranges from 1 to 2 volts peak-to-peak. This output is
connected to a potentiometer where the wiper is used to pick off the sine
wave signal at 1 volt p-p.

The incoming RS-232 binary signal is first fed to a bipolar
transistor stage. When the input signal is low the transistor is turned
off and the voltage difference between pin 6 and pin 8 is determined by
the resistor divider netwofk of R1, R2 and R3. For the resistor values
shown in Fig. 7 this results in a voltage differential of approximately
1.3 volks. -

With a known voltage differential between pin 6 and pin 8, the
frequency of the sine wave output at pin 2 can be calibrated. This fre-
quency is determined by the value of the capacitor at pin 10 and the ef-
fective resistance between Vcec and pin 4 or 5. In the configuration shown
in Fig. 7, Ra and Rb are made equal and, consequently, the effective re-
sistance to pins 4 and 5 are equal and given by 2Rc + Ra. The ICL8038

output frequency is then given by

0.3

(2Rc + Ra)C
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where C is the capacitor at pin 10. The value of-C is set at a value of
5100 pF and the effective resistance is variable between 22 and 62 kohms
(Fig. 7). Using these values in the above equation results in an output-
frequency which can be varied from 949 Hz to 2.7 kHz by‘adjusting the
value of Rec. With the RS-232 input tied low the output frequency is set
at 1.2 kHz. A multiplicative voltage to frequency conversion factor can
be derived by dividing the output frequency by tﬁe voltage differential
between pins 6 and 8. At 1.2 kHz and 1.3 volts this results in a con-
version factor of 923 Hz/volt.

When the RS-232 signal goes high, the input transistor is turned
on. This effectively provides a low impedance path to ground for resis-
tors R4 and R5, placing them in parallel with R3. This causes the voltage
differential between Vcc and pin 8 to increase. To generate an output
frequency of 2.2 kHz, the voltage differential must now be approximately
2.4 volts (2.2 kHz divided by the conversion factor 920 Hz/volt). As-
suming the transistor essentially ties R5 to ground, the added parallel
resistance of R4 and R5 results in a voltage differential which can be
varied between 2.2 to 3.0 volts. The value of R4 is adjusted until the

desired 2.2 kHz output frequency is achieved at pin 2.

FS8K Demodulator

The FSK demodulator is used to convert an incoming sequence of
1.2 and 2.2 kHz tones into an RS5-232 binary sequence. The RS§-232 output
is then fed to the microprocessor. Fig. 8 shows that the FSK demodulator

is designed using an XR2211 FSK demodulator/tone decoder.
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The XR2211 demodulator is sensitive to both low frequency and high
frequency noise. Consequently, the incoming FSK signal from the FM re-
ceiver is first passed through a bandpass filter (Fig. 8). The filter
passes frequency components between apéroximately 300 Hz and 16 kHz, at-
tenuating frequencies outside this range. The output of the filter is
connected to pin 2 of £he XR2211.

The RS5-232 output of the XR2211 is taken from pin 7. With pins
6 and 7 wired together, the output signal from these pins provides serial
binary data when a valid FSK signal is applied to the input. This output
is connected to a transistor stage where the R8-232 signal is inverted
and fed to the microprocessor board. Pin 5 of the XR2211 generates a
logic low output when an FSK carrier is detected, and a logic high output
when there is no carrier present. This signal is fed to the transmitter
control logic to activate the transmitter when valid FSK signals are re-
ceived at the repeater.

The XR2211 is structured around a phase-locked loop architecture.
Consequently, the values of external components are found by first de-
termining typical operating parameters such as the center frequency,
tracking range, capture range and the ocutput filter time constant.

The center frequency is normally selected as the midpoint fre-
quency between the high and low FSK frequency tones. For 1.2 and 2.2 kHz,
the center frequency ié 1.7 kHz and is determined by R4 and Cl in the
equation

1
fo

I

(R4) (C1)
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Selecting a value of 0.024 ufF for Cl1 and solving for R4 results in a value
of 24.5 kohms. Fig. 8 shows that a R4 is implemented using a 15 kohm
resistor, R4a, and a 20 kohm potentiometer, R4b, in serieé. The value
of R4b is adjusted to give a total series resistance of 24,5 kohms and
set the center frequencg of the demodulator at 1.7 kHz.

The tracking range is the range of frequencies for which the phase
locked loop can remain locked to the input signal. The tracking range
is usually selected to be equal to or slightly less than the difference
between the FSK high and low frequency tones. The XR2211 tracking range
is determined by the values of R4 and RS in the equation
(R&4) (fo)

Tracking Range = ——
R3
Selecting a value of 47 kohms for RS provides a tracking range of 886 Hz.

The capture range is the range of frequencies for which the
phase-locked loop can lock on to the input signal. This value is always
less than the value of the tracking range and typically set from 80 to
99 percent of the tracking range. If Rd is set at a value of 470 kohms
the value of Cd (in uF) is approximately equal to [17/(total capture
range)]. Selecting a capture range which is 99 percent of the tracking
range results in a totai capture range of 1.75 kHz (+/-875) and a value
of approximately 0.01 uF for Cd.

The FSK output filter time constant is normally set at [0.3/(baud

rate)]}. For 1200 baud, this time constant equals 250 usecs. The XR2211
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output filter time constant is given by the value of Rf multiplied by the
value of Cf. A value of 100 kohms is normally selected for Rf, resulting
in a value of 0.0025 uF for Cf.

The }oop damping factor determines the amount of o;ershoot.and
undershoot (or ringing) of the phase;locked loop in response to a step
change in the frequency. This factor is typically set at 0.5 and is de-

termined by Cl1 and C2 in the equatien

1 /C1
Damping Factor = = [ —
4y C2

A value of 0.024 uF was previously selected for C1. Solving for C2 gives

a value of 0.006 uF.

Sub-Audible Tone Detector and Filter

As discussed in Chapter 2, voice communications are encoded with
a sub-audible low frequency tone. The repeater is required to detect this
tone before permitting incoming voice signals to be retransmitted. Tone
detection in the repeater is accomplished using a TS5-32 encoder/decoder.
Fig. 9 shows that the TS-32 consist of three sections: (1) a high-pass
filter, (2) sub-audible tone detector, and (3) tone generator. The in-
coming received baseband signal is connected to both the high-pass filter
and éhe tone detector. .

The TS-32 high-pass filter is a 3-pole filter which attenuates
all frequencies below 300Hz. This filter removes the sub-audible tone
(if present) from the received signal. The output of this filter is then

connected to the analog multiplexer where it is gated to the transmitter.



31

The tone detector section of the TS5-32 processes the baseband
signal input tﬁrough a 4-pole low-pass filter to eliminate all frequencies
except the sub-audible tone. This signal is then fed to a bandpass filter
where the center frequency can be altered by the position of dip switches.
This permits the user to select the frequency of the sub-audible tone.
The output of the bandpass filter is amplified and converted to a DC
level. If this level exceeds the reference voltage, the logic output
switches active.

In the repeater installation the sub-audible toné frequency is
set at 79.7 Hz and the detector output is taken from OUT-1. This output
is tied to +5V through a 22 kohm resistor. This provides a logic high
output when no sub-audible tone is present and a logic low when a valid
tone is detected. The logic output is ccnnected to the transmitter con-
trol logic to activate the transmitter when valid incoming voice commu-
nications are received.

The tone generator of the T5-32 encoder/decoder continuously
generates a tone (set at 79.7 Hz). This signal is connected to the
transmitter encoder input (see Chapter 4) to provide all ocutgoing trans-
missions with the sub-audible tone. (Note that FSK data transmissions
ﬁill also be encoded with the sub-audible tone before being transmitted.
However, the low frequency tone is an order of magnitude below the FSK
low tone frequency of 1:2 kHz and will therefore not affect data integ-

rity.)
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Transmitter Control logic

The transmitter control logic provides the baseband signal proc-
essing board with the capability to retransmit valid incoming signals
without attaching the microprocessor board. Consequently, if a micro-
processor failure occurs the repeater would most likely remain opera-
tional. Active low logic signals are connected to the transmitter control
logic from the FSK decoder, TS-32 tone detector, the receiver COR, the
microprocessor and the auxiliary microphone (Fig. 10). There are three
events which activate the transmitter: (1) valid incoming signals, (2)
microprocessor data ouwtput, and (3) auxiliary microphone use.

As discussed previously, valid communications must contain either
the sub-audible tone or the FSK 1.2 and 2.2 kHz frequency tones. Fig.
10 shows that the transmitter control logic receives inputs from the both
the FSK demodulator and the TS-32 tone detector. If either of these logic
lines are active and the receiver COR is also active the transmitter is
energized. Additionally, a logic control signal is fed to the analog
multiplexer to gate the received baseband signal through to the trans-
mitter.

The microprocessor also feeds a control signal to the transmitter
éontrol logic. This permits the processor to inhibit or to break into a
transmission already in progress, although this usually would not occur.
Normally the processor ﬁses this control line teo activate and gate FSK
coded information to the transmitter. This permits the processor to send

information to other locations via the FM signal carrier.
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The transmitter control logic insures that output signals are not
sent to the transmitter from both-the processor and the receiver at the
same time. The microphone on the other hand, can be used at any time.
Depressing the télk switch on the ﬁicrophone will key the transmitter
regardless of the current state of the repeater. Any microphone commu-
nication will be transmitted simultaneously with any other transmissions
already in progress. This is not expected to be a problem, however, since

the microphone is intended for diagnostic or emergency use only.



CHAPTER 6
. POWER DISTRIBUTION AND CONTROL

The power distribution and control section of the repeater in-
cludes the batteries, solar collectors, and the power distribution and
chaége regulator board. As discussed in Chapter 2, the remote location
of the repeater requires that a self-contained power source be provided.
To satisfy this requirement the repeater is powered by solar collectors
and bafteries. The batteries provide the capability for continuous day
and night operation while the solar collectors are used primarily to re-
store charge to the batteries during daylight hours.

To determine solar collector and battery requirements the ex-
pected current consumption of the repeater needs to be calculated. The
receiver and transmitter draw the largest portion of the total repeater
current requirements. The receiver current consumption is nominally 120
mA while the transmitter current consumption is nominally 500 mi. (Note
that the nominal transmitter current consumption includes the effects of
insulating the oscillator heater discussed in Chapter 9.) If all other
electrical components in the repeater require less than 80 mA, the total
repe&ter current consumption is approximately 700 mA. For one day of

operation this equates to 16.8 amp hours.
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Battery Requirements

Lead-calcium rechargeable (LCR) +12 volt batteries are installed
in the repeater. These batteries are totally sealed and produce no cor-
rosive gas during normal operation. Rese&lable safety vents release ex-
cess gas and keep the internal pressure within an optimum range of safety.

The batteries must provide sufficient output power for the
repeater during days when the solar collectors are unable to recharge the
batteries. Assuming a maximum of 10 days without solar power recharging,
the batteries must then provide a total of 16.8 amp hours per day times
10 days or 168 amp hours. To satisfy this reguirement, the repeater is
designed using 3 LCR batteries in parallel, two at 80 amp hours each, and
one at 100 amp hours. This results in a total battery capacity of 260
amp hours, satisfying the 168 amp hour requirement with a 35 percent

contingency margin.

Solar Collector Requirements

In determining the solar collector requirementé an equivalent of
4 hours per day of full solar collector utilization is assumed. There-
fore, dividing the total repeater requirement of 16.8 amp hours pexr day
by 4 hours results in a requirement of 4.2 amps of solar collector cur-
rent. Additionally, effective recharging of the batteries requires a
charée voltage several volts higher than the battery voltage (see Charge
Regulator). Since the solar collectors determine the maximum recharge
voltage available, the voltage generated at the output of the solar col-

lectors must also be several volts higher than the battery voltage.
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To satisfy these requirements, the repeater is designed using two
ARCO M55 solar collector panels in parallel. When connected to a load,
each collector provides a typical current output of 3.05 amps at 17.4
volts. The combined current output of 6.1 amps provideé a 45 percent

contingency margin.

Power Distribution and Charge Regulator Board

The power distribution and regulator board generates, controls
and distributes all the necessary supply voltages, In addition, the board
includes a a temperature dependent charge regulator. A complete schematic
diagram of the power distribution and charge regulator board is included

in Appendix D.

Power Distribution

The repeater requires supply voltages of +12 volts, +5 volts and
-5 volts for operation (see Table 1). These voltages are generated and
distributed from the power distribution and regulator board. Addi-
tionally, to conserve power, many of the required voltages are switched
voltage supplies. The switched voltage supplies are connected to compo-
nents which do not require constant power. For example, most of the
éomponents on the diagnostic &ata acquisition board require power only
during the short intervals when diagnostic data is be acquired.

Fig. 11 shows that components requiring +12 volts are connected
directly to the bgttery output through the power distribution and regu-

lator board. An IM2931 voltage regulator, with +12 volts at the input,

generates a +5 volt supply at 150 mA. The ICL7660 voltage converter
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Table 1. Voltage requirements of repeater components.

Device Voltage Requirements
Receiver |- +12v
Transmitter +12V, +12V(switched)
Baseband Signal +12V, +5V
Processor Board +12V(switched)
Processor +5V
Controller Board
Diagnostic Data +5V, +5V(switched),
Acquisition Board -5V(switched)

generates the -5 volt supply. Each supply voltage is available contin-
uously or as a switched supply. The processor controller board controls

the switched supplies.

Charge Regulator

The longevity of the LCR batteries is increased by adjusting the
charge voltage to compensate for temperature variations. Consequently,
the power distribution and regulator board includes a temperature de-
pendént charge regulator.

Fig. 12 shows that the charge regulator uses an LM11CN operational
amplifier as an analog comparator for the voltages at the inverting and
non-inverting inputs. The output of the LM11CN amplifier drives a bipolar

stage which controls the current from the solar collectors to the
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batteries. A temperature dependent reference voltage is applied to the
non-inverting input. A voltage propertional to the charge voltage is to
then fed back to the inverting input of the IM11CN amplifier. This causes
the IMI11CN amplifier to generate an output voltage which will in turn
drive the charge voltage to a value where the inverting input equals the
non~inverting input. This produces a charge voltage which is propeortional
to the temperature dependent reference voltage,

Typically, battery rechargers are designed to function in either
a cyclic or standby mode (Fig. 13). It is anticipated that the repeater
will normally require standby battery recharging. In this mode the bat-
teries discharge only a small portion of their total available energy at
any time, Specifically, if the solar collectors generate 4 hours of ef-
fective total output per day and battery power is consumed for the re-
maining 20 hours of the day, then approximately 14 amp hours of total
battery energy is discharged. This represents less than 6 percent of the
total battery capacity. However, adverse weather may cause a situnation
where the solar collectors cannot recharge the batteries sufficiently for
several days. Consequently, the batteries may discharge a significant
percentage of the total available battery power. This, of course, re-
duires that battery recharging operate in the cyclic mode. Therefore,
the charge regulator is designed to operate in either the standby mode
or the cyclic mode, Thé mode select is controlled by the processor con-
trolier board.

The temperature dependent reference voltage is generated with a

resistor divider network which includes a thermistor located in the
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battery box. Fig. 14 shows that the resistance of the thermistor varies
as a highly non-linear function of temperature. A more linear function
can be generated over a limited range, however, by adding ; fixed resistor
in parallel with the thermistor.- The effect of adding a'27 kohm parallel
resistance with the thermistor is also shown in Fig. 14. For the range
of temperatures shown, the combined parallel resistance generates a rea-
sonably linear function. In addition, the‘slope‘of the function is the
same as the slope of the recommended battery charge voltage versus tem-
perature function shown in Fig. 13. The output voltage-and slope of the
temperature dependent resistor divider network is set by the value of
resistors Ra and Rb (assuming Re and Rd are not switched into the cir-
cuit).

Resistor values of 10 kohms and and 27 kohms in a voltage divider
generates the feedback voltage applied to the inverting input of the
LM11CN amplifiexr (Fig. 12). Two specific reference voltages are required- -
to generate 2 equations for resistor unknowns Ra and Rb. Assuming that
the battery box temperature rarely drops below 0C or exceeds 40C, these
values are selected as end points to calculate Ra and Rb. At 0C a standby
charge voltage of 14.1 volts is required (Fig. 13). A charge voltage of
14.1 volts produces a voltage at the IM11CN inverting input of 3.8 volts.
At 40C the required charge voltage is 13.4 volts, or 3.6 volts at the
inverting input. Solving for the values.of Ra and Rb results in values

of 17 kohm and 33 kohm respectively. Similar calculations at the cyclic
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charge band voltages results in 7.7 kohms and 16 kohms. Resistors Rc and
Rd are switched in parallel with Ra and Rb to switch from standby to cy-

clic charge operation.
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CHAPTER 7
DIAGNOSTIC DATA ACQUISITION BOARD

The diagnostic data acquisition board is an appendage to the
microprocessor measuring key operating parameters within the repeater.
The diagnostic data acquisition board consists of an analog-to-digital
converter, sensor select logic and decoder, and sensors. See Appendix D

for complete schematic diagram.

Analog-to-Digital Converter

An ICL7109 analog-to-digital converter (ADC) prévides a binary
output equivalent to the sensor voltage input. This ADC generates a
12-bit binary number, polarity bit and overrange bit.

The binary output pins of the ADC are connected directly to the
microprocessor 8-bit data bus (Fig. 15). Since the ADC generates 14 data
bits per sample, the information from the ADC is multiplexed onto the
processor data bus. Data multiplexing is controlled by low byte enable
at pin 18 and high byte enable at pin 19. These pins are connected to
aﬁdress bit 1 and address bit 0 respectively. The ADC chip enable at pin
20 is connected to the output of a decoder on the processor controller
board. This signal is éctivated when the processor selecté address 6XXX
(see Table 3 in Chapter 8). Consequently, the ADC is read with the fol-
lowing addresses:

Address 6001: Read ADC low order byte
Address 6002: Read ADC high order byte
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The ADC status line at pin 2 is connected to the microprocessor
EF3 flag input. The ADC activates this line when data is available for
the microprocessor. The oscillator input to the ADC at pin 22 is con-
nected to the clock generator on the processor controller board (see
Chapter 8). The oscillator frequency is 76.8 kHz. |
ICL7109 specifications limit the differential input voltage to

the ADC at approximately 1.0 volts below the positive supply to 1.5 volts

above the negative supply. 8ince the ADC power supply is set +/-5 volts
the differential input voltage can range from 4.0 to -3.5 volts. The ADC
12-bit binary output plus sign bit equates to a resolution capability of
8,192 voltage levels, To provide a convenient voltage step size and re-~
main within the differential voltage range, the ADC is designed to operate
at +/~2.048 volts. The voltage step size or resolution is then given by

4.096 Volts

Resolution = ——————— = 0.5 mV/level

8192 levels
The analog front end of the ICL7109 analog-to-digital converter
includes an integrator stage. An external resistor and capacitor set the
operating characteristics of this stage. The values of the resistor and

capacitor are given by

full scale voltage

Rint =
20uA

(2048) (clock period) (20ud)

Cint

integrator output voltage swing
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A full scale voltage of +2.048 volts results in a value of 102.4 kohms
for Rint. The integrator output &oltage swing is typically +/-3.5 volts
for the ICL7109 with +/-5 volt power supplies and an analog common ground
connected at pin 1. As mentioned previously, the osciliator frequency
to the ADC is:76.8 kHz equating to a clock period of 13.02 us. This re-

sults in & value of 0.152 uF for Cint.

Sensor Select Logic and Decoder

Mechanical relays connect sensor voltages to the nonfinverting
input of an LM11CN operational amplifier. Fig. 15 shows that the ampli-
fier is configured as a voltage follower whiph provides unity gain and a
very high input.impedance for the sensors. The output of the amplifiex
is connected to the analog input of the ADC.

The relays are controlled by commands from the processor con-
troller board. The 4 low order bits from the microprocessor data bus are
connected to a latch (Fig. 15). The processor selects a specific relay
by placing the appropriate binary code on the & low order bits of the.data
bus with a simultaneous strobe to the latch. The latch then drives a

decimal decoder which energizes one (only one) relay at a time.

Diagnostic Sensors

- Ten sensors, listed in Table 2, are included on the diagnostic
data acquisition board: The sensors convert the measured parameter to a
proportional voltage. To remain within the operating limits of the ADC,
this voltage cannot exceed +/-2.048 volts (see Analog-to-Digital Con-

verter).
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Table 2. Binary select codes (4 low order bits of data
bus) of sensors on the diagnostic data acquisition board.

Code (Hex) Description
0 +5 volt supply
1 Solar current
2 Battery voltage (+12V)
3 Interﬁal temperature
4 External temperature
5 Ground (ADC offset)
6 Charge current
7 Receiver signal strength
8 Reflective transmitter power
9 Forward transmitter power

Several of the sensors are simply resistor divider networks where
the junction between the two resistors provides the output to the ADC.
Specifically, resistor divider networks are used to reduce the battery
voltage sense and +5V supply voltage sense to 1/10 of the actual value.
Cons;quently, the nominal input to the ADC will be approximately 0.5 volts
for the +5 volt supply and 1.2 volts for the battery voltage.

Resistor divider networks containing a thermistor in the bottom
leg generates a voltage proportional to the inside and outside temper-

atures. These thermistors are identical to the thermistor used in the’
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charge voltage regulator discussed in Chapter 6 (see Fig. 14 in Chapter
6). The thermistor resistance increases as the temperature decreases
causing the resistor divider output voltage to increase. Consequently,
the fixed resistor in the top leg of the resistor diyider is selected to
produce an output voltage within the +/-2.048 volt ADC range at the ex-
pected minimum temperature. Assuming the temperature never falls below
-20C, equating to a thermistor resistance of 205 kohms, a resistor value
of 363 kohms results in an output voltage of 1.8 volts (where the resistor
divider in connected to the +5 volt supply).

Shunt resistors are used to generate a voltage proportional to
the charge current and the solar cellector current (Fig. 16). To minimize
the voltage drop shunt resistors of 0.005 ohms are used. These resistors
generate a 5 mV voltage drop for every 1 amp of current. Since the charge
and solar currents are rarely expected to exceed 5 amps the voltage drop
across either shunt resistor wil} rarely exceed 25 mV. Although the shunt
resistor voltage drop is minimal as desired, the small resistance .leads
to poor resolution in the ADC Binary output. The ADC resolution of 5 mV
per binary level equates to 100 mA per binary level. To increase the
resolution, IM11CN differential amplifiers with a gain of 40 are added.
fhis improves the ADC resolution to 2.5 mA per binary level.

The transmitter output power is measured by inserting a Telewave
PM=-2A bidirectional pow;r monitor in the coaxial transmission line be-
tween the transmitter and the duplexer. This monitor generates two
voltage outputs, one proportional to the forward transmitter power and

one proportional to the reflected transmitter power. Fig. 17 shows the
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power monitor output voltage versus transmitter power. The maximum output
power of the SCT410B transmitter is 10 watts.

The receiver signal strength sensor is derived from the S-meter
output of the SCR450 receiver. This output is normally connected to an
external meter to measure signal strength. The S-meter output generates
a current proportional to the strength of the received signal. A 1 kohm
resistor, which equals -the nominal impedance of the external meter, is
connected from this output to ground. The voltage generated across the

resistor is then proportional to the received signal strength (Fig. 18).
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CHAPTER 8
MICROPROCESSOR CONTROLLER BOARD

The microprocessor controller board interfaces to the voltage
distribution board, the baseband signal processing board and the diag-
nostic data acquisition board. An RS5-232 interface to the baseband signal
processing board provides the microprocessor the capability to externally
receive and send data or other information. The processor board also
includes a second RS-232 port for an auxiliary terminal hookup. This

terminal is used to query the microprocessor.

Processor Board Hardware

The microprocessor controller board is structured around the RCA
1806 8-bit CMOS microprocessor (Fig. 19). The board also includes two
1854 universal asynchronous receiver/transmitters (UART), an BK ROM mem-
ory, a 32K RAM memory, a clock generator and watchdog timer, plus several

latches and logic gates (see schematic diagram in Appendix D).

Microprocessor

The 1806 microprocessor is a register-oriented device with 64
kbyt; memory address capability and an 8-<bit timer/counter interrupt.
The 8-bit bidirectional data bus connects the processor to peripheral
components including the ROM and RAM memory, UARTs and latches. The data
bus also extends to a analog-to-digital converter (ADC) and a data latch
on the diagnostic data acquisition board (see Chapter 7).
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The 1806 microprocessor also has an 8-bit address bus. However,
address capability for 64 kbytes requires that a 16-bit address bus be
generated. Consequently, the 8 high order bits of éhe address are first
fed to a latch controlled by the processor TPA line. Tﬁis is followed
by placing the 8 low order bits on the bus to complete the 16-bit bus.
During the interval that the 8 low order bits are on the bus, the selected
address 1s either written or read. Table 3 list.the address locatioms

available to the microprocessor.

Universal Asynchronous Receiver/Transmitter

The 1854 universal asynchronous receiver/transmitter (UART),
converts parallel data to serial data (R5-232) and serial teo parallel
data. The serial or RS-232 word length, parity type and number of stop
bits is programmable by writing to the UART control register. Status can
likewise be queried by reading the UART status register. The micro-
processor uses the NO, N1 and N2 signal lines to select the control and
status registers. The processor also uses these lines to read and write
data to the UART.

R§-232 input and output connections to the baseband signal
processor board and the auxiliary terminal hookup are interleaved between
the two UARTs. Fig. 19 shows that the baseband signal processor board
is c;nnected to UART #1 for R5-232 signal out to the transmitter and to
UART #2 for R§-232 signal in from the receiver. The auxiliary terminal
is connected to UART #1 for RS-232 signal in from the terminal and to UART
#2 for RS-232 signal out to the terminal. A summary of the UART con-

nections and control lines is listed in Table &.



Table 3. Processor board address locations for
peripheral devices.

Address I1/0 Operation | Device

0000-1FFF | read 8K ROM memory

23X write . Transmitter (on/off)

3IXXX write Watchdog timer (Reset)
4XXX write ADC relay select

6 XXX read ADC data

6 XXX write power on/off switching
8000-FFFF | write/read 32K RAM memory

Table 4. Microprocessor control lines and input and

output connections to the 1854 UARTs.

NO,N1,N2 " Description
111 UART #1 control/status register
110 UART #1 data register
Write to transmitter
Read from auxiliary terminal
011 U4RT #2 control/status register
010 UART ##2 data register

Write to auxiliary terminal
Read from receiver
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Clock Generator and Watchdog Timer

The clock generator provides the required clock frequencies for
the microprocessor and UARTs. A clock signal is also generated for the
counter/timer interrupt in the microprocessor and the aﬁalog-to-digital
converter on the diagnostic data acquisition board. The clock generator -
is designed using a CD4060 counter/divider (Fig. 20). This device is
driven with a 2.4576 MHz crystal. The microprocéssor clock is set at
153.6 kHz. The UARTs, which require a clock frquency 16 times the baud
rate, are set at 19.2 kHz (16 times 1200 baud). A 150 Hz clock is con-
nected to the microprocessor counter/timer interrupt (EF2).

Since the repeater is in a remote locatiocn a watchdog timer is
included on the microprocessor beard. If this timer is not continually
reset by the microprocessor the timer will activate the clear line and
restart the processor. This is designed to reset the microprocessor if
it loses program control or locks up. The watchdog timer is designed
using a second CD4060 counter in series with the clock generator (Fig.

20).

Processor Board Microcode

. The ability to change the microcode or microprocessor firmware
provides great flexibility in the operation of the repeater. For in-
stanée, the microcode determines the interval for acquiring diagnostic
data. If this interval needs to be ;1tered, simply modifying the micro-
code alone will effect the change. (Of course, the remote location of

the repeater entails that microcode ﬁhanges will be somewhat infrequent.)
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The microcode consist of 7 major routines as follows:
1. Imitialization
2. Time of day clock (interrupt driven)
3. Monitor
4, System data acquisition
5. Transmitter/Receiver data acquisition
6. Diagnostic data transmission
7. Auxiliary terminal communication
As suggested in the asbove list, the repeater requires two separate diag-
nostic data acquisition routines. The system date acquisition routine
monitors status of the repeater hardware and includes parameters such as
battery voltage and solar current. This data is acquired at frequent and
regular intervals. On the other hand, transmitter and receiver data ac-
quisition can only take place when valid incoming signals are being re-
transmitted by the repeater. Consequently, transmitter/receiver data is
not taken at regular intervals, but acquired when the receiver and
transmitter are activated to repeat valid incoming signals.
Reserved memory locations, used during the execution of the
microceode including flags, memory pointers énd status registers are
iisted in Table 5. A complete source listing of the microcode is included

in Appendix A.

Initialization Routine
When power is first applied to the processor controller hoard,
or reset by the watchdog timer, the internal program pointer is set to

address 0000h. This points to the first address in the ROM memory where
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the initiaslization routine is stored and subsequently executed. The
processor contains 16 16-bit internal registers, which caﬁ be mapped to
perform different functions. Registers 1-4 are assigned functions by the

initialization routine as follows:

R1: Interrupt address (Interrupt address for
time of day clock routine)

R2: Stack pointer (Points to address B8100h)

R3: Program counter

R4: BSub-routine return address

The initialization routine continues by resetting both UARTs and

then writing to their control registeré to define the operating parame-
ters, Specifically, the UARTs are defined to operate with 8 data bits,
1 stop bit and no parity. This routine also initializes the contents of
several of the reserved memory locations (Table 5). Other peripheral
devices are initialized to default operating modes as follows: '

1. Switched +5V and -5V power sources
deactivated or turned off

2. Switched +12V turned on
3. Low charge band voltage selected

4. Processor control of transmitter
deactivated

5. Auxiliary terminal output port
. selected

The clock interrupt is also inftialized and enabled. A value of
150 is loaded into the counter/timer holding register and the processor
is configured for .the counter/timer interrupt to be incremented by the

EF2 input line. When a count of 150 is reached, the interrupt causes



Table 5.

in hex).

Reserved memory locations (addresses listed

Memory Address

Definition

8000-801F
8020-8027
8028
8029
B02A
802B
802G
802D
802E
802F
8030
8031
8032-8033

8100

Register dump

Temporary ADC data storage
Get data flag

Time of day (days)

Time of day (hours)

Time of day (minutes)
Time of day (seconds)
Unassigned

Transmission service flag
R5-232 port select

Data latch status
Transmit data flag
Transmission data pointer

Top of stack
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program execution to jump to the time of day clock interrupt routine.
Since the EF2 input signal is connected to the cleck generator 150 Hz

output, the interrupt to the clock routine is executed once each second.

Time of Day Clock Interrupt Routine

As previously menticned, the time of day clock interrupt routine
is executed once each second. This routine increments the time of day
by one second (see Table 5). The time of day clock routine implements a
military standard 24 hour clock. A strobe to the watchdog timer is also
executed during this routine.

If incrementing the time results in the number of minutes equal-
ling 0, 15, 30, or 45, the 'get data' flag (Table 5) is set to a hex value
of FFh. The value stored in this flag location is later checked in the
monitor routine where a value of FFh causes program execution to branch
from the monitor routine to the system data acquisition routine (see
Monitor Routine). This causes system diagnostic data to be acquired at
15 minute intervals.

Similarly, if the number of hours ‘equals 0 or 12, the 'transmit
data' flag is set to a hex value of FFh. This flag is checked at the end
" of the system data acquisition routine and if set to FFh, program exe-
cution branches to the diagnostic data transmission routine. This causes
the Aiagnostic data to be transmitted twice each day, once at midnight

and once at noon.
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Monitor Routine
The monitor routine is designed to continually loop while waiting
to respond to one of the following situations:

1. 'Get data' flag set to FFh (15 minute
interval for data acquisition)

2. Data available at UART #1 (input from
the auxiliary terminal)

3. Transmitter/receiver in operation
repeating an incoming communication

If either of the first two situations occur, the monitor routine executes
a branch to an appropriate sub-routine. Specifically, if the 'get data’
flag is set to FFh, program execution branches to the system data acqui~
sition routine. Similarly, if UART {1 has data available, the program
jumps to the auxiliary terminal communication routines.

If the third condition occurs, that is, the transmitter and re-
ceiver are repeating an incoming signal, the monitor routine first checks
the status of the 'transmission service' flag. If the value of this flag
is set to 00h, the monitor routine causes a branch to the
transmitter/receiver data acquisition routine. If the current incoming
communication has previously been serviced, however, the 'transmission
service' flag will contain a value of FFh. This prevents the processor
from acquiring transmitter/receiver diagnostic data more than once per
singie transmission. Once the transmitter is deactivated, this flag is
cleared by the monitor routine and any later transmissions can then be

serviced.
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System Data Acquisition Routine

The system data acquisition routine is one of two routines used
to acquire diagnostic data (see also Transmitter/Receiver Data Acquisi-
tion Routine). System data is acquired at 15 minute intervals from sen-
sors 0-6 as listed in Table 2 in Chapter 7. Data acquired for each sensor
requires 2 bytes of memory for a total of 14 bytes for all 7 sensors.
Added to this requirement is an additional 2 bytes to store the time of
day in hours and minutes resulting in a total memory requirement of 16
bytes per 15 minute interval.

A specific 16 byte biock of memory is allocated for each 15 minute
interval over a 24 hour period. For instance, the 16 byte block for data
acquired at 0:00 (midnight) is stored in memory locations 9000h~900Fh.
The next interval at 0:15, is stored in memory 9010h-901Fh (see Appendix
B for complete data memory map). The data acquisition routine begins
execution by creating a pointer locating the 16 byte memory block reserved
for storing sensor data given the current time of day. The time in hours
and minutes is stored in the first 2 bytes of this memory block followed
by the sensor data. It should be noted, however, that the hours and
minutes are stored in memory as shifted binary numbers (see source listing
in Appendix A). This is necessary, since the data transmission routine
formats memory locations containing the time 'the same as it formats the
12-bit ADC values (see biagnostic Data Transmission).

A simple looping routine is execunted to select each of the 7
sensors and read the ADC values. The sensor output is converted to a

12-bit binary number and sign bit using an analog-to-digital converter.
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The system data acquisition routine converts the ADC information to a
12-bit 2's complement .number. This causes the least significant bit of
the ADC value to be dropped. Consequently, the ADC resolution is de-
creased from 0.5 mV to 1.0 mV per binary level (see Chapter 7). Each
sensor is read 4 consecutive times and then the values are averaged and
the result stored in the next available location in the 16 byte memory
block.

At the completion of the final sensor reading, the 'transmit data’
flag is checked. If the flag is set to a value of FFh, program execution
branches to the data transmission program where both system diagnostic
data and transmitter/receiver diagnostic data are transmitted. Before
returning to the monitor program, the ‘get data' flag is set back to a

value of O0Oh.

Transmitter/Receiver Data Acquisition Routine

The transmitter/receiver data acquisition routine is the second
of the diagnostic data acquisition routines. This routine is executed
whenever valid FM signals are being received and retransmitted by the
repeater.

Similar to the system data acquisition routine, a specific memory
block has been allocated for the data as it is acquired. This memory
blocﬁ starts at location 9600h, directly following the memory block al-
located for system data, and extends to memory location 9C0Qh. However,
unlike the system data acquisition routine, this routine uses a time in-
dependent pointer to mark the next available memory location

(see Table 5).
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Three sensors are used to acquire the transmitter/receiver diag-
nostic data. Specifically, these are sensors 7, 8, and 9 as listed in
Table 2 in Chapter 7. Each sensor reading requires 2 bytes of memory
resulting in 6 bytes for all 3 sensors. Since the time of day is also
stored with the sensor data a total of 8 memory bytes is required for each
successful completion of the routine.

As the receiver/transmitter routine begins execution it first
determines if available memory exist for storing new data. If the allo-
cated memory is already filled, no diagnostic data is acquired and program
execution returns to the monitor routine. More likely, however, memory
space will be available and the routine continues execution by storing
the current time and acquiring data from each of the 3 sensors. The
procedure for storing the time and sensor data is identical to that used
in the system data acquisition routine (see System Data Acquisition Rou-
tine). However, unlike the system data acquisition routine, this routine
checks the status of the transmitter after each sensor reading. If the
transmitter is no longer active after any of the 3 sensor readings, the
data is considered invalid and the routine is exited without incrementing
the memory marker. This results in the next set of transmitter/receiver
data overwritiﬁg the same memory locations. If the transmitter remains
active, the data is considered valid, and the memory marker is incremented
by 8 bytes teo the next ‘available memory block.

Before exiting the routine the 'transmission service' flag is set

to a value of FFh. As discussed previously, this prevents the
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transmitter/receiver data acquisition routine from being executed more

than one time per single transmission (see Monitor Routine).

Diagnostic Data Transmission

The diagnostic data transmission routine is called from the sys-
tem data acquisition routine if the 'transmit data' flag is set to a value
of FFh, In this routine, both system and transmitter/receiver diagnostic
data acquired for the previous 12 hour period is formatted and transmit-
ted.

Outgoing data is processed in blocks of 64 bytes. As previously
mentioned, the ADC data consist of 12-bit numbers spread over 2 bytes (see
System Data Acquisition Routine). The diagnostic data transmission rou-
tine formats each 12-bit number into 2 bytes, each containing 6-bits of
the original 12-bit number and a unique parity bit. After a 64 byte block
of data is formatted, the information is written to UART #1 where it is
converted to a R§-232 binary signal and subsequently transmitted. The
transmission sequence for each 64 byte block of data includes a 2 byte
start marker and an ID number, followed by the 64 bytes of data, a po-
larity byte and 2 byte end marker (Fig. 21). Each block is transmitted
twice to provide a method of checking data integrity.

The data transmission routine begins execution by activating the
tran;mitter. If the transmitter is already is use, however, the diag-
nostic data transmission routine will wait for the transmitter to become
inactive. The 12 hours of system diagnostic data is then transmitted
first. Each 64 byte block represents one hour of data resulting in a

total of 12 64 byte blocks for the previous 12 hour period.
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The diagnostic data transmission routine generates a pointer locating the
appropriate 12 hour block of system diagnostic data to be transmitted.
For instance, if the current time is 12:00 noon, then the pointer is set
to send data acquired from 0:00 through 11:59.

After completing transmission of the system diagnostic data, the
routine then checks the pointer location of the receiver/transmitter di-
agnostic data. This data is also transmitted in 64 byte blocks. The
routine first determines the number of 64 byte data blocks required to
send all the receiver/transmitter diagnostic data acquired during the
last 12 hour period. Of course, the data will most likely only require
a portion of the last 64 byte block. Consequently, the remaining portion
of this last block is filled with zeroes to mark the end of valid diag-
nostic data. After all data has been transmitted, the routine resets the
transmitter/receiver data pointer to the top of the memory block. The
'transmit data' flag is also reset to indicate that the data has been

transmitted.

Terminal Communications

The microcode also contains several routines used for communi-
cation with an auxiliary terminal. As previously mentioned, the monitoxr
routine checks UART #1 for any incoming data from the terminal. If data
is available the terminal communication routines process the input and
respond back to the terminal. A list of valid commands is shown in Table
6. These commands include the capability to read and write information
to memory, execute specific microcode routines, examine the micro-

processor internal registers, and set the time of day. Also, the terminal
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communication routines include the ability to power down the transmitter
and change the charge band on the battery charge regulator (see

Chapter 6).

Table 6. Auxiliary terminal commands.

ASCII Command | Description

Examine/change memory

o =

Dump memory (in hex)

Punch program as S-record
Load S-record program

Dump processor registers
Read ADC and display results
Jump to program
Display/change time of day

Power transmitter off/on

£ 43 4 » A v v

Select charge band high/low




CHAPTER 9

HARDWARE FABRICATION AND INSTALLATION

The repeater is built on a rectangular frame which supports the
main electronics enclosure, the battery enclosure, solar collectors, and
the antenna assembly (see Appendix D). The frame and enclosures are
painted in a camouflage brown to blend in with the mountain and desert

landscape.

Main Electronics Enclosure

All of the electronics including the receiver and transmitter are
mounted inside a Hoffman EMI/RFI shielded enclosure, This enclosure is
designed to provide shielding of the electrical and magnetic components
of RF energy. Specifically, the enclosure provides attenuation greater
than 95 dB at 14.5 kHz to greater than 100 dB at 1 MHz for magnetic fields.
- Attenuation for electrical fields is more than 100 dB from 14.5 kHz to
430 MHz. The dimensions of the box are 36x30x8 inches. The enclosure
is also oil-tight and dust-tight providing protection from adverse
deather.

A small utility box has been added to the lower left hand side
of the enclosure. This.box houses the in line fuses and protects the
feedthru capacitors which connect the solar collectors and batteries to

the components inside the Hoffman enclosure. The feedthru capacitors are
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used to remove RF energy which may be present on the power lines before
entering the enclosure.

As mentioned in Chapter 2, the repeater is required to use high
reliability components. The rated temperature limits fo¥ most components
ranges from =25C to +125C, and most of the IC modules are packaged in
ceramic. Gradual temperature changes and extremes from winter to summer
should not pose problems to the electrical hardware with these temperature
ratings. However, daily temperature cycling could be a concern. Conse-
quently, insulation has been added to all sides of the Hoffman enclosure
to decrease daily fluctuations in temperature.

The FM signal cable comes in directly to the back of the Hoffman
enclosure. Double shielded coax cable is used for all connections inside
the enclosure. This coax cable provides 99 percent coverage. Both the
transmitter and receiver are enclosed in individual shielded housing as-
semblies. These assemblies further reduce any RF noise which may have
entered the electronics enclosure. Feedthru capacitors are used for all
signals passing in and out of the transmitter and receiver housing as-
semblies.

The current consumption of the transmitter is significantly
ﬁigher than any other component of the repeater. About 90 percent of this
current, however, is consumed in an oscillator oven used in a feedback
network to tightly control the temperature of the oscillator. To reduce
the current consumption, the oscillator oven assembly has been extracted

from the transmitter and tightly insulated in an external assembly. The
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average current consumption of the repeater with the insulated oscillator
assembly is approximately 500 mA.

All the electronic boards have connector assemblies which permit
interconnecting cables to be easily removed and reassembled. Conse-

quently, the boards are easily serviced if required.

Battery Enclosure

The battery enclosure contains three +12V lead-acid rechargeable
batteries in a parallel configuration. The batteries are located separate
from the main electronics enclosure to avoid any possibility of dangerous
gas build up which could be ignited by electrically generated heat. This
implies, of course, that the battery enclosure is not air tight. However,
the enclosure has been insulated to provide temperature stability. Also
included in the enclosure is the thermistor required for the temperature

dependent charge regulator.

' Solar Collector Moﬁnting

The solar collectors are mounted directly above the battery en-
closure. The inclination angle is set at 33 degrees. This is the ap-
proximate latitude of the repeater location (on Newman Peak).
donsequently, the solar collectors will be exactly perpendicular to the
sun in the spring and in the fall. The angle will move away from per-
pendicular, however, in the summer and winter. In the summer, a greater
number of day light hours are available to compensate for the poorer an-
gle. Winter usage, fortunately, will be limited and in fact the repeater

may only be used to send self-diagnostic data.
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Antenna Assembly and Tower

The antenna assembly consists of the antenna, & mounting tower
and the lightning arrester. Unfortunately, the repeater location at
Newman peak is near a 15-20 foot utility building which obstructs the
'line of sight' from the repeater to some of the POD locations. Conse-
quently, the repeater antenna is mounted at the top of a 38 foot mounting
tower. Low loss coaxial cable is used to connect the antenna at the top
of the tower to the lightning arrester which is located near the elec-
tronics enclosure. A earth grounding rod is inserted into the ground near
the repeater which is used to ground the antenna and lightning arrester.
This provides a direct ground path for lightning strikes. In addition,
the coax cable used to connect the signal output of the lightning arrester
to the Hoffman electronics enclosure is coiled in a 3-4 turn loop. This
is provided to further inhibit lightning induced high voltages from a

entering the electronics enclosure.



APPENDIX A

MICROCODE SOURCE LISTING

TR R R R R R R R R R R R R R R R e b e e s e e e e e st e

¥t Agricultural Telecommunications Repeater Microcode k
*% Revision: 1.00 e
*% 28 March 1987 e

e
0000 ORG 0000H

0000 71 Reset DIS ;Disable Interrupts

0001 00 DEFB 00H

0002 68C30007 RLDI 3,Resetl ;R3 = PC

0006 D3 SEP 3

0007 68C1058D Resetl RLDI 1,Clock  ;R1 == INTADDR

000B 7A REQ ;Reset UART

000C 7B SEQ

000D 68C44000 RIDI 4,4000H  ;M(4000H) <= FFH (All relays off)
0011 F8FF LDI OFFH

0013 54 STR 4

0014 F800 LDI O0O0H 1M(6000) <= O00H (+5VSW & =-5VSW off,
0016 68C46000 RLDI 4,6000H H +12V5W on, Trickle charge band)
001A 54 STR 4

0GO1B 68C42000 RIDI 4,2000H ;M(2000) <= OOH

001F 54 STR 4 ;3 (Proc xmit off)

0020 68C48028 RLDY 4,8028H ;M(8028) <= 00H

0024 54 STR 4 ; (Reset get data flag)

0025 68C4802E RLDI 4,802EH ;M(802E) <= OOH

0029 54 STR 4 ; (Reset xmit service flag)
002A 14 INC 4 ;M(802F) <= OOH

002B 54 STR 4 3+ (Select serial port)

002C 14 INC 4 ;M(8030) <= QOH

002D 54 STR 4 ; (U13, Ul4 Latch Status)
002E. 14 INC 4 ;M(8031) <= OOH

002F 54 STR 4 ; (Reset xmit data flag)

0030 14 INC 4 ;M(8033),M(8032) <= 9600H

0031 54 STR 4 ;3 (Reset transmit data marker)
0032 14 INC 4

0033 F896 ILDI 96H

0035 54 STR 4

0036 E3 SEX 3 ;R3 = DPTR

0037 63 oUT 3 ;UART{#}1 <= 19H
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0038
0039
003A
003B
003C
003D
003E

003F
0043

0044
0046
0048
0044

004C
0050
0051
0053

0055
0057
0059
005C
005E
0060
0062
0064
0065
0067
0068
0064
006B
006D
006E
0070
0071
0073
0074
0076,
0077
0079
0074
007C
007D
007F
0080
0082
0083

19
63
99
67
19
67
99

68C28100
E2

6884
051E
6884
0577

68C28100
E2

6884
064E

6884
0330
0D2E00
6884
0040
6884
0085
4D
0192
44
0220
50
0261
4C
02B1
52
0548
41
03C0
49
052C
54
0601
57
035D
43
033F
00
3055

Start

Prompt

DEFB
ouT
DEFB
ouT
DEFB
our
DEFB

RLDI
SEX

SCAL
DEFD
SCAL
DEFD

RLDI
SEX

SCAL
DEFD

SCAL
DEFD
DEFB
SCAL
DEFD
SCAL
DEFD
DEFB
DEFD
DEFB
DEFD
DEFB
DEFD
DEFB
DEFD
DEFB
DEFD
DEFB
DEFD
DEFB
DEFD
DEFB
DEFD
DEFB
DEFD
DEFB
DEFD
DEFB
BR
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19H + (Set UART to 8 Data bits, 1 Stop)
3 - ;UART{#1 <= 99H
99H ;3 (Set UART to no parity)
7 ;UART#2 <= 19H
19H ;3 (Set UART to 8 Data bits, 1 Stop)
7 sUART{2 <= 95H
99H ;3 (Set UART to no parity)
2,8100H ;R2 = DPTR, R2 <= B1l00H
2
4 ;Call SetT2 (Set Time)
SetT2
4 ;Call IntenB (Enable clk interrupt)
IntenB
2,8100H ;R2 = DPTR, RZ <= 8100H
2
4
Serial
4
Qutstr ;Call Outstr (Send CR and '.')
ODH, 2EH, O0H
4
Mntor ;Wait for command or timer interrupt
4
Fndkey ;Decode input command
1
M
Mem ;Examine / change memory
1
D
Dump sDump memory (in hex)
1
P
Punch sPunch program as S-Record
1
L
Pode ;jLoad S-Record program
R
Regdmp ;Dump registers
1
A
?eadc sRead and display ADC channel
I
fump ;Jump to program
T
?ime ;Display and change time
W
Power ;Turn transmitter power off/o
[}
C
Charge ;Select regulator charge band
00H
Prompt
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o o e e R S L e i e S e L e ) e e o e

* Decode and execute command key *
B R T B A L L L L
0085 E4 Fndkey SEX & 3R4 = Call return address

0086 04 IDN & ;Load match character

0087 329C BZ Fndk2 ;If match char = 00H then Fndk2

0089 9F GHI RF ;1f match char = RF.1 then Fndk3
008A F3 XOR

008B 3292 BZ Fndk3

008D 14 INC & ;Increment to next char for no match
008E 14 INC &

008F 14 INC 4

0090 3085 BR  Fndkey ;6o to Fndkey to try next match char
0092 14 Fndk3 INC & ;Increment to Call routine address
0093 44 LDA 4 tR5.1 <= High Byte of call address
0094 BS PHI 5

0095 04 LDN & s+R5.0 <= Low Byte of call address
0096 A5 PLO 5

0097 68BS RNX 5 3;R& <= RS

0099 E2 SEX 2 ;Reset R2 to be stack register

009A 6894 SRET 4 ;Return will jump to keyed program
009C 14 Fndk2 INC & ;Return to prompt loop

009D E2 SEX 2

009E 6894 SRET &

FrrTrdrr R R R e R e e el e el dede dede e e ook
* Monitor routine to wait for input data or interrupt *
Sedesededededede R e e R e e e R R il it
00A0 00 Mntor IDL ;Wait for clock interrupt

00A1 68C58028 RLDI 5,8028H ;If M(8028) <> 0 then Servic

00AS 05 IDN 5 ;3 (Take ADC data)

00A6 CAQ717 LBNZ Servic

00A9 6F INP 7 3If serial data available then Inch
0DAA Fé SHR

00AB 33D1 BDF Inch

00AD 34BB Bl Mntor2 ;If transmitter on then Mntor

0DAF 68C5802E RLDI 5,802EH

00B3 05 IDN 5

0D0B4 32A0 BZ Mntor

00B6, F800 DI OOH

00B8 55 STR 5

00B9 30A0 BR Mntor

00BB 68C5802E Mntoxr2 RLDI 5,802EH ;If Xmit data taken then Mntor
00BF 05 IDN 5

00CO 3AAO BNZ Mntor

00C2 CO068B LBR TFserv ;Call Fserv (Get transmit data)
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************************************************************************

* Qutput space to serial port / Output CR to serial port *
SRR e iR e e el et dete
00C5 F820 Outsp LDI 20H ;Load spaceé character

00C7 AF PLO RF

00C8 COOOFB LBR Outch ;Call Outch (Output character)

00CB F80D Outer LDI ODH ;Load CR

00CD AF PLO RF

00CE COOOFB LBR Outch ;Call Outch (Output character)
Asrderrrrtadniistlededededededededededede e e edtdat de el fevestedededoteat sk drieiriedninin dried i
* Input character from selected port with echo back %
* RF.1 = input character *
sledde s et e e e e e A R R R R e R R e e e et
00D1 6884 Inch  SCAL & ;Call Inchl

00D3 00DA DEFD Inchl ;3 (Get character from serial port)
00D5 9F GHI RF sRF.0 <= Char (Echo character)

00D& AF PLO RF

00D7 C0010C LBR Outch2
TR R TR el Al el
* Input character from serial port *
* RF.1 = input character *
Frirririnienriirioinioinoirinrinininrieinineielineieloloreldeinrrinlnene e ke
00DA 6F Inchl INP 7 ;Check UART1 for data available

00DB Fé6 SHR

00DC 3BDA BNF Inchl

O0ODE 6E Inch4 INP 6 ;RF.1 <= UART1(data) with MSB masked
00DF FA7F ANI 7FH

00E1 BF PHI RF

00E2 FBO3 XRI 3D ;If UART1(data) = 3D (CNT C) Start
00E4 C2004C ILBZ Start

00E7 9F GHI RF

00E8 FB13 XRI 19D ;If UART1(data) <> 19D then Inch2
00EA CAOOF9 LBNZ Inch2

00ED 6F Inch3 INP 7 ;Check UART1 for data available

Q0EE F6 : SHR

OOEF 3BED BNF Inch3

00F1 6E INP 6 ;RF.1 <= UART1(data) with MSB masked
00F2. FA7F ANI 7FH

00F4 FB11 XRI 17D ;If UART1(data) <> 17D then Inch3
00F6 CAODQED LBNZ Inch3

00F9 6894 Inch2 BSRET & sReturn
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e T e e e e R e e e e e R R R R R R R R R R R R R

* Qutput character to selected UART ¥
% RF.0 = Character or data ¥*
* CR follows LF for serial output data *
B e e
00FB 6F Qutch INP 7 ;Check UART1 for terminal data

O0FC F6 SHR ;DF <= LSB

00FD CBO104 LBNF Outchl ;Go to Outchl ne incoming data

0100 6884 SCAL &4 ;Call Inch4 (If data available

0102 OODE DEFD Inché

0104 68C5802F Outchl RLDI 5,802FH  ;If M(802F) <> 0 Go to Outtx

0108 05 LDN 5 ; (Use transmitter)

0109 CAO63F LBNZ Outtx

010C 6B Outch2 INP 3 ;Wait till UART2 ready for data

010D FE SHL

010E 3BOC BNF Outch2

0110 22 DEC 2 ;Fix stack pointer

0111 8F GLO RF ;UART2 (Data) <= RF.0

0112 52 STR 2

0113 62 outr 2

0l1i4 8F GLO RF ;If RF.0 <> CR then Inch2 (SRET)
0115 FBOD XRI ODH ' -

0117 CAOOF9 LBNZ Inch2

0114 F80A DI OAH ;RF.0 <= O0AH (LF)

011C AF PLO RF

011D Coo010C LBR Outch2

Sededededele e R T R R e R R R e
# Get Hex data into RD from serial port *
* Each nibble is shifted left in RD *
* DF=1 on exit if char is hex *
B o e e
0120 6884 Gethex SCAL 4 ;Call Inch (Get input character)
0122 00D1 DEFD Inch

0124 9F GHI RF

0125 FF41 SMI 'A ;1f Char < 'A' then Geth2

0127 CBO14E LBNF Geth2

0124 FFO06 SMI 06H ;If Char > 'F' then Geth3

012C C30157 LBDF Geth3

012F FC10 ADI 10H ;jAdjust letter value

0131 AE Geth4 PLO RE ;RE.0 <= D (Valid adjusted hex char)
0132 9D GHI RD ;RD.1 <= RD.1(4 LSB),RD.0(4 MSB)
0133 FE SHL ; (Shift RD by one hex value)

0134 FE SHL

0135 FE SHL

0136 FE SHL

0137 52 STR 2

0138 8D GLO RD

0139 F6 SHR

013A Fé SHR
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013B F6 SHR

013C F6 SHR

013D F1 OR

013E BD PHI RD

013F 8D GLO RD sRD.0 <= RD.0 (& LSB),Hex char

0140 FE SHL .

0141 FE SHL

0142 FE SHL

0143 FE SHL

0144 52 STR 2

0145 8E GLO RE

0146 FAQF ANI OFH

0148 F1 OR

0149 AD PLO RD

014A FFOO SMI OOH ;Set DF=1 to denote valid hex char
014C 6894 SRET 4

014E FCO7 Geth2 ADI O7H ;If char > '9' then Geth3

0150 3357 BDF Geth3

0152 FCOA ADI OAR ;Re-adjust number value

0154 C30131 LBDF Geth&

0157 FCOO Geth3 ADI OOH ;DF <= 0 (Input is not hex)

0159 6894 SRET 4

s dedededestededesedede e e A e e ek
* Qutput hex character (RF.0.4LSB) %*
*  Out2h: Output 2 hex characters from RD.O *
*  Qut4h: Output 4 hex characters from RD.1, RD.O *
Fedededededriedeiedeioiedeledrietriedfen il i e e e e R St Aok
015B 8F Outhex GLO RF

015C FAQF ANI OFH ;Get lower 4 bits

015E FC30 . ADI 'O ;Add ASCII offset

0160 AF PLO RF

0161 FF3A SMI ':

0163 3B69 BM  Outh2 ;If hex char < A then Outh2

0165 8F GLO RF

0166 FCO7 ADI O7H ;Add 7 to make hex char a letter
0168 AF PLO RF

0169 COO0OFB Outh2 LBR Outch

016C 8D Out2h GLO RD ;RF.0 <= RD.O (4 .MSB)

016D, F6 SHR

016E Fé6 SHR

016F F6 SHR

0170 F6 . SHR

0171 A¥ PLO RF

0172 6884 SCAL 4

0174 015B DEFD Outhex ;Call Outhex (Send out hex char)
0176 8D GLO RD sRF.0 <= RD.D (4 LSB)

0177 AF PLO RF

0178 305B BR  OQuthex
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0174 9D Out4h GHI RD ;RF.0 <= RD.1 (4 MSB)
017B Fé . SHR

017C Fé SHR

017D Fé SHR

017E Fé6 SHR

017F AF PLO RF

0180 6884 SCAL & ;Call Outhex (Send out hex char)
0182 015B DEFD Outhex

0184 9D GHI RD ;RF.0 <= RD.1 (4 LSB)
0185 AF PLO RF

0186 6884 SCAL &

0188 015B DEFD Outhex

018A 306C BR Out2h

A e e e e e e e e e e e e e e e e e e e e e e e s e e e

* Clear RD ¥
Ferererededetde e At el A BT Tl Aol et AT i T e e e e gt

018C 68CD0O000 Clrrd RLDI RD,O000CH

0190 6894 SRET &

Frdededrdriodriedinririn el el drir i dei el il e e
* Memory examine / change command *
St et e e et SR T e e e e e e e
0192 6884 Mem SCAL & ;Call Outsp (Output space)

0194 00C5 DEFD Outsp

0196 6884 SCAL & ;Call Clrrd (Clear RD)

0198 018C DEFD Clrxd

0194 6884 Meml  SCAL 4 ;Call Gethex (Get start address)
019C 0120 DEFD Gethex

019E 3394 BDF Meml ;Quit when DF=0

0140 9F GHI RF

0l1Al FBOD XRI ODH ;If Input Char <> CR then Start

01A3 CADO04C LBNZ Start

0146 8D GLO RD ;RC <= RD (Move address)

01A7 AC PLO RC

01A8 9D GHI RD

0149 BC PHI RC

01AA 6884 Mem2  SCAL 4

01AC 0O0CB DEFD Qutcr ;Send CR

0)lAE. 8C GLO RC ;RD <= RC (Move address back)

O1AF AD PILO RD

01BO 9C GHI RC

01B1 BD PHI RD

01B2 6884 SCAL & ;Send address back out

01B4 0D17A DEFD Outéh

01B6 6884 SCAL & ;Send out space

01B8 00C5 DEFD Outsp

01BA OC IDN RC ;RD.0 <= M(RC)

O1BB AD PLO RD



01BC
01BE
01C0
01GC2
01C4
01C6
01C7
01C9
01CB
01CD
01CF
01Dl
01D4
01Db5
01D6
01D8
01DA
01DB
01DC
O1DE
01EC
01El1
01E3
01E4
01E6
01E9
01EA
01EC
O1EE
O1EF

6884
016C
6884
0acs
F800
AD
6884
0120
3BE3
6884
0120
CB0O04C
8D
5C
6884
00C5
0c
AD
6884
016G
1C
30AA
9F
FBOD
€2004C
9F
FB5E
3AED
2C
30AA

Memé&

Mem3

SCAL
DEFD
SCAL
DEFD
LDI
PLO
SCAL
DEFD
BNF
SCAL
DEFD
LBNF
GLO
STR
SCAL
DEFD
LDN
PLO
SCAL
DEFD
INC
BR
GHI
XR1
LBZ
GHI
XRI
BNZ
DEC
BR

4
Qutzh
4
Outsp
O00H
RD

4
Gethex
Mem3

4
Gethex
Start
RD

RC

4
OQutsp
RC

RD

A
Out2h
RC
Mem2
RF

ODH
Start
RF

SEH
Mem&
RC
Mem2
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;Send data from address

;Send out space
sRD <= O00H

;Call Gethex (Get new data)

3sI1f non hex char then Mem3

;If non hex char then Start

y1M(RC) <= new hex data

;RD <= M(RC)
;Call Qut2h (Send out new data)
;Increment address pointer

;1f input char = CR then Start

;If input char <> '='" Mem&4

;Decrement address pointer

Sefefedeiededdese fededdbabaabdede e e sk b e dise s de skt sk s el ke e e el e el bl el

* Get address range

% RC=Start Address
edbedederlededeses v et e rrnrle s derk e s re e e sl e e a e e e e e e e e e e e T e e e e e e et

01F1
01F3
01F5
01F7
01F9
01FB
01FD
0200
0201
0203
0206
0207
0208
0209
0204

6884
00CS
6884
018C
6884
. 0120
C301F9
9F
FB20
CAD04C
8D

AC

9D

BC
6884

Getrng

Getrn2

RD=FEnd Address

SCAL
DEFD
SCAL
DEFD
SCAL
DEFD
LBDF
GHI
XRI
LBNZ
GLO
PLO
GHI
PHI
SCAL

4
Outsp
A
Clrxd
4
Gethex
Getrn2
RF

20H
Start
RD

RC

RD

RC

4

*
*

;Call Outsp (Send out space)
;Clear RD

;Call Gethex (Get start address)
;Repeat until non hex char

;If input char <> ' ' then Start

;RC <= RD (Start Address)

;1Clear RD
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020C 018C DEFD Clrxrd

020E 6884 Getrn3 SCAL 4 ;Call Gethex (Get end address)

0210 0120 DEFD Gethex

0212 330E BDF Getrn3

0214 9F GHI RF

0215 FROD XR1 ODH 3If input char <> CR then Start

0217 CAO004C LBNZ Start

0214 8D GLO RD ;RB <= RD (End address)

021B AB PLO RB

021C 9D GHI RD

021D BB PHI RB

021E 6894 SRET 4

BT LT e D R T e S
* Dump memory command *
sedesiedeedehdededededese Tl e sk e e e S e S e e e s e sk sl s s e teate e e e
0220 6B84 Dump  SCAL 4 ;Call Getrng (for start/end address)
0222 01F1 DEFD Getrng ; (RC=Start, RB=End)

0224 6884 Dump3 SCAL &4 ;Call Outcr (Send back CR)

0226 00CB DEFD Outer

0228 8C GLO RC 3sRD <= RC (Start address)

0229 AD PLO RD

0224 9C GHI RC

022B BD PHI RD

022C 6884 SCAL 4 ;Send start address back out

022E 017A DEFD Cuté4h

0230 FB808 LDI 08H ;RD.1 <= 08H (counter)

0232 BD PHI RD -

0233 OC Dump2 LDN RC +RD.0 <= M(RC)

0234 AD PLO RD

0235 6884 SCAL 4 ;Call Outsp (Send out space)

0237 00C5 DEFD Outsp

0239 6884 SCAL 4 ;Call Out2h (Send out memory data)
023B 01é6C DEFD OutZh

023D 1C ING RC sIncrement address pointer

023E 9D GHI RD ;Decrement counter

G23F FFO1 SMI O01H

0241 BD PHI RD

0242 CAD233 LBNZ Dump2 ;Loop for 8 bytes out

0245 6884 SCAL 4 ;Call Chkadd (See if dump finished)
0247 024F DEFD Chkadd

0249 C30224 LBDF Dump3 ;Loop until memory block is sent
024C CO004C LBR Start

Fdedleieieloieleiokiadoldoileiolloiol okedoideiividvicleioleiolilokieloedodorioinioinloioioioinleiolohdofoldnieioleidoiolok
* Test for Addressl greater than address 2 ¥
% RC = Addressl, RB = Address2 #*
R LT L T UL TN S T S T )
024F 9C Chkadd GHI RC ;RB.1 - RC.1

0250 52 SIR 2
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0251 9B GHI RB

0252 F7 SM s8et DF=1 for RC < RB

0253 3257 BZ Chkad2 ;If RB.1=RC.1 then Chkad2

0255 6894 Chkad3 SRET 4

0257 8C Chkad2 GLO RC sRB.O - RC.O

0258 52 STR 2

0259 8B GLO RB

025A F7 SM ;Set DF=1 for RC < RB

025B 3A55 BNZ Chkad3

025D FCOO ADI OOCH sSets DF=0 for RB = RC

025F 6894 SRET 4

Fedrfrdniiniiriin e e e STl ook
* Punch S-Record W
P T R R e el inleedr e deieinbeleiiok
0261 6884 Punch SCAL & ;Call Getrng (For start/end address)
0263 01F1 DEFD Getrng ; (RC=Start, RB=End)

0265 6884 Punch2 SCAL 4

0267 0330 DEFD Outstr ;Send 'S1' and byte count

0269 53313133 DEFB 'S113

026D 00 DEFB 00H

026E F813 LDI 13H ;RA,1 <= 13H (RA.1 = checksum)
0270 BA PHI RA

0271 F810 LDI 10H sRA.0 <= 10H (Byte count)

0273 AA PLO RA

0274 8C GLO RC t+RD <= RC (Start address)

0275 AD PLO RD

0276 5C GHI RC

0277 BD PHI RD

0278 52 STR 2 ;Stack = RD.0 (Low byte on start)
0279 %A GHI RA

027A F4 ADD ;Add start address to checksum
027B 52 STR 2

027C 8C GLO RC

027D F4 ADD

027E BA PHI RA

027F 6884 SCAL & ;Call Out4éh (Send back start addr)
0281 017A DEFD Out4h

0283 0C Punchl LDN RC sRA.1 <= RA.1 + M(RC)

0284 AD PLO RD ; (Add data to checksum)

0285.52 STR 2

0286 9A GHI RA

0287 F4 ADD

0288 BA PHI RA

0289 6884 SCAL 4 ;Call Out2h (Send out data)

028B 016C DEFD Outz2h

028D 1C INC RC

028E 8A GLO RA

028F FFO1 SMI O01lH

0291 AA PLO RA
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0292 3A83 BNZ Punchl ;Loop until byte count is zero
0294 9A GHI RA

0295 FBFF XRI OFFH ;Get 1's complement of checksum
0297 AD PLO RD

0298 6884 SCAL 4 ;Call Out2h (Send checksum)

029A 016C DEFD Qut2h .

029C 6884 SCAL 4

029E 00CB DEFD Qutcr ;Call Qutcr (Send CR)

0240 6884 SCAL 4

0242 024F DEFD Chkadd ;Call Chkadd (Check for finished)
02A4 3365 BDF Punch2 ;Loop back to Punch2 if not done
02A6 6884 SCAL 4

02A8 0330 DEFD Qutstr ;Send out S9 for done

02AA 5339 DEFB 'S9

02AC 0DOO DEFE ODH,00H

02AE C0004C LBR Start

T e roledede e e dede v s s S e e R e e A e e ek
* Load S-Record command *
Frieiciriediriinirinitirinilolrieiriolrioloieieieieieiofelrifoiolofofoiiodoioiooioeielefaldokdo ik de h ot il ik
02B1 6884 Lode SCAL 4 ;Call Inch (Input character)

02B3 00D1 DEFD Inch

02B5 9F GHI RF

02B6 FB53 XRI 'S

02B8 34B1 BNZ Lode ;Loop until 'S' received

02BA 6884 SCAL 4

02BC 00D1 DEFD Inch ;Call Inch (Input next character)
02BE 9F GHI RF

02BF FB39 XRI ‘9

02C1 C2004C LBZ Start ;If char = '9' then Start (Exit)
02C4 9F GHI RF

02C5 FB31 XRI '1

02C7 3AB1 BNZ Lode ;If char <> '1' then Lode

02C9 F800 ILDI OOH ;RA.1 <= 00H (Checksum)

02CB BA PHI RA

02CC 6884 SCAL 4 ;Call Get2h (Get data byte count)
02CE 0317 DEFD Get2h

02D0 8D GLO RD

02D1 AA PLO RA sRA.0 <= RD.0 (Byte count)

02D2 6884 SCAL 4

02D4, 0317 DEFD Get2h ;Get load address (High)

02D6 BC PHI RC

02D7 6884 SCAL 4

02D9 0317 DEFD Get2h ;Get load address (Low)

02DB AC PLO RC

02DC 8A GLO RA ;Subtract 3 for addr bytes a byte
02DD FF03 SMI 03H ; count from the byte count

02DF AA PLO RA

02E0 6884 Load2 SCAL 4 ;Call Get2h (Get data byte)

02E2 0317 DEFD GetZh
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02E4 5C STR RC ;M(RC) <= data byte
02E5 52 STR 2
02Eé6 0C LDN RC ;Check for data stored okay
02E7 F3 XOR
02E8 CAD30A LBNZ Merr ;Go to Merr for incorrect data
02EB 1C INC RC ;Increment load address
02EC 8A GLO RA ;Decrement byte count
02ED FFo01 SMI O01H
02EF AA PLO RA
02F0 3AEQ BNZ Load2 ;If byte count <> 0 then Load2
02F2 6884 SCAL &4
02F4 0317 DEFD Get2h ;Add checksums and see check error
02F6 9A GHI RA
02F7 FCO1 ADI 01H
02F9 C202B1 LBZ Lode
02FC 6884 Erer SCAL 4 ;Prompt for read error
02FE 0330 DEFD Qutstr
0300 3F204C4F DEFB '? LOAD
4144
0306 00 DEFB 00OH
0307 C0004C LBR Start
0304 6884 Merr  SCAL 4 ;Prompt for memory error
030C 0330 DEFD Outstr
030E 3F204D45 DEFB '? MEM
4D
0313 00 DEFB 0OOH
0314 CO0004C LBR Start
e vl d e R A T R R R R A T R e e e e A e e R e e
* Get 2 hex characters and add to checksum *
* (RA.1 = checksum) ‘ *
ST R S A R R R R e R R R A e
0317 F800 Get2h LDI O0O0OH ;RD.0 <= Q0H
0319 AD PLO RD )
031A 6884 SCAL 4 ;Call Gethex (Get hex character)
031C 0120 DEFD Gethex
031E CBO2FC LBNF Erer ;If non hex char then Erer
0321 6884 SCAL 4 ;Get next hex character
0323 0120 DEFD Gethex
0325 CBO2FC LBNF Erer
0328 8D GLC RD ;RA.1 <= RA.1 + input data
0329 52 STR 2
032A 9A GHI RA
032B F4 ADD
032C BA PHI RA
032D 02 LDN 2 ;D <= input hex data
032E 6894 SRET &
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deririeinidninrinbiebrledrede e el d R e e e R R R R R R R R R R e e e e b e ey

* Qutput string to serial port *
% (O0OH terminates string) *
T R R e R e R e R ek e e fe e de e e
0330 04 Dutstyr LDN & ;Get Byte from calling address

0331 14 INC &

0332 C2033D LBZ Outst2 3If Byte == 00h then Outst2 (Exit)
0335 AF PLO RF ;RF.0 <= byte

0336 6884 SCAL 4 ;Call Outch (Send byte)

0338 0OFB DEFD Outch

033A C00330 LBR Outstr

033D 6894 Outst2 SRET 4

Fededeedesedededed it e A R R A R e e R e e e e e e e e e R
# Select charge band on battery regulator %
Sededrdedeseriededrd i e o el de it e e e T e
033F 6884 Charge SCAL &

0341 00D1 \ DEFD Inch

0343 9F GHI RF

0344 FB4C XRI 'L

0346 3250 BZ Chrbl

0348 9F GHI RF

0349 FB48 XRI 'H

034B 3254 BZ Chrbh

034D CO004C LBR Start

0350 F800 Chrbl LDI OOH

0352 3056 BR Chrbnj

0354 F8FF. Chrbh ILDI OFFH

0356 6884 Chrbnj SCAL &4

0358 0396 DEFD Chrbnd

0354 CO004C LBR Start

Sesriedededede e ded e iR R R e R R e e e e R de e e e i e
* Power down/up transmitter *
dedededeinidrirdedeelerir e TR R R e e R et skl e
035D 6884 Power §SCAL 4

035F 00D1 DEFD Inch

0361 9F : GHI RF

0362 FB5S XRI 'U

0364 326E BZ Pwrup

0366 9F GHI RF

0367 FB44 XRI 'D

0369 3272 BZ Pwrdwn

036B CO004C LBR Start

036E F8FF Pwrup LDI OFFH

0370 3074 BR Pwrdwj

0372 F800 Pwrdwn LDI OOH

0374 6884 Pwrdwj SCAL &

0376 038D DEFD Swpl2

0378 C0004C LBR Steart
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fesededrieieRed et e e i el e e Al e A e T desioke

* Switch DC voltages on/off or select charge band o
B R L 2 3 e AU e

037B
037C
037E
0381
0384
0385
0387
0384
038D
038E
0390
0393
0396
0397
0399
039C
039E
039F
03A3
03A4
03A5
0346
03AA
03AB
03AD
03AF
03B1
03B2
03B6
03B7
03B8
03B9
03BD
03BE

Fé6

F810
CBO3AD
€0039C
Fé6

Fg20
CBO3AD
Cc0033C
Fé

F840
CB039C
CO03AD
Fé6

F&80
CBO3AD
FAFO

52
68C58030
05

Fl

55
68C56000
53

6894
FAFOQ
FBFF

52
68C58030
05

F2

55
68C56000
55

6894

Swp5 SHR
ILDI 10H
LBNF Swlow
LBR Swhigh
Swm5 SHR
IDI 20H
LBNF Swlow
LBR Swhigh
Swpl2 SHR
LDI 40H
LBNF Swhigh
LBR Swlow
Chrbnd SHR
IDI 80H
LBNF Swlow
Swhigh ANI OFOH
STR 2
RLDI 5,8030H
IDN 5
OR
STR 5
RLDI 5,6000H
STR 5§
SRET 4
Swlow ANI OFOH
XRI OFFH
STR 2
RILDI 5,8030H
ILDN 5
AND
STR 5
RLDI 5,6000H
STR 5
SRET 4

3sDF <= D(LSB)
3D <= 10H (45VSW bit position)

;DF <= D(LSB)
3D <= 20H (~-5VSW bit position)

;DF <= D(LSB)
;D <= 40H (+12VSW bit position)

;DF <= D(LSB)

;D <= 80H

s (Charge band select bit position)
sM(8030) <= 1111 XXXX (Status)
;M(6000) <= 1111 =~~~ (Latch)

;M(8030) <= 0000 XXXX (Status)
;M(6000) <= 0000 =-~--=- (Latch)

TR R A A R A e A R R R il ik
% Read and display ADC channel command *
Fededededrieieieioiieiote

Fedededeedriededrdbdeded

03C0
03C2
03C4
03Ce6
03C8
03CA
03CC
03CE

6884
00C5
6884
018C
6884
0120
33C8
SF

7 Ferhrrintinnbibdarieire b bl bbb it lintind

Readc SCAL 4
DEFD Outsp
SCAL 4
DEFD Clrrd

Readc2 SCAL 4
DEFD Gethex
BDF Readc2
GHI RF

;Call OQutsp (Send back space)
;Call Clrrd (Clear RD)
;Get hex byte

;Loop until non hex character
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03CF FBOD XRI ODH

03D1 CA004C LBNZ Start sIf input char <> CR then Start
03D4 8D GLO RD

03D5 FBFF XRI OFFH

03D7 C203F5 LBZ Readcé ;If hex data (MSB) = 0 then Readcé
03DA 6884 SCAL 4 ;Call Adcon {Turn on ADC)

03DC 0411 DEFD Adcon

03DE 8D GLO RD

03DF 6884 SCAL &4 - ;Call Adcsel (Select relay)

03E1 0427 DEFD Adcsel

03E3 6884 SCAL 4 ;Call Adcin (Read ADC)

03E5 0436 DEFD Adcin

03E7 C303F1 LBDF Readc5h ;If DF=1 (No overflow) then Readc5
03EA F82A LDI '¥ ;8end back '*' for overflow

03EC AF PLO RF

03ED 6884 SCAL 4

03EFT OOFB DEFD Outch

03F1 6884 Readc5 SCAL & ;Call Outdec (Send out decimal data)
03F3 0499 DEFD Outdec

03F5 6884 Readcé4 SCAL 4 ;Call Adcoff (Turn off ADC)

03F7 03FC DEFD Adcoff

0379 CO004C LBR Start ;Branch back to Start

Sesesfesesedeses st defe A e R i e e e R R e A
* Turn ADC on/off and select relay with data in D *
dederedele ettt e e de e e e e P R A A A e R T ey
03FC F8FF Adcoff LDI OFFH ;:M(4000) <= FFH (Turn off relays)
03FE 68C54000 RLDI 5,4000H

0402 55 STR 5

0403 F800 LDI OOH ;D <= 00H (Switched voltages off)
0405 6884 7 SCAL 4 ;Call Swp5 (Turn off +5VSW)

0407 037B DEFD Swp5

0409 F800 LDI OO0OH

040B 6884 SCAL &4 ;Call SwmS (Turn off -5VSW)

040D 0384 DEFD Swm5

040F 6894 SRET &

0411 F8FF Adcon LDI OFFH 3D <= FFH (Switched voltages on)
0413 6884 SCAL & ;Call Swp5 (Turn on +5VSW)

0415 037B DEFD Swp5

0417 FBFF LDI OFFH

0419 6884 SCAL 4 sCall Swm5 (Turn on -5VSW)

041B 0384 DEFD Swm5

041D 68C51900 RLDI 5,6400 sR6 <= 6400 (Wait 1 second)

0421 68250421 Adconl DBNZ 5,Adconl

0425 6894 SRET 4

0427 68C54000 Adcsel RLDI 5,4000H  ;M(4000) <= D (Select relay)
042B 55 STR 5
042C 68C50640 RLDI 5,1600 ;R6 <= 1600 (Wait 1 second)
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0430 68250430 Adcsl DBNZ 5,Adcsl ;Wait 1/4 second

0434 6894 SRET 4

P e e e R R R R R R R R R AR
* Read in ADC data (RC = 2's complement of data) *
B R L LR TR LA Rt b b Bk B R R L R R R b LR R L L I A LA T T2
0436 3636 Adcin B3  Adcin ;Wait one cycle on EF3

0438 3E38 Adcin2 BN3 Adcin2 ; (ADC status)

043A 363A Adcin3 B3  Adcin3 ;Wait one cycle on EF3

043C 3E3C Adcin4 BN3 Adcink ; (ADC status)

043E 68C56001 RLDI 5,6001H ;RC.0 <= ADC low byte

0442 05 IDN 5

0443 AC PLO RC

0444 15 INC 5

0445 05 LDN 5 ;RC.1 <= ADC high byte

0446 BC PHI RC

0447 FA4O ANI 40H ;Test overflow bit

0449 CA0Q46D LBNZ Ovrflo ;Branch if overflow bit on

044C 9C GHI RC

044D FE SHL ;Test sign bit

044E 3B58 BNF Minus ;Branch if sign bit is minus
0450 9C GHI RC ;Generate 2's complement number
0451 FAQF ANI OFH

0453 BC PHI RC

0454 FFO0O Adcin5 SMI O0OH ;I1f DF=1 then no overflow

0456 6894 SRET &4

0458 9C Minus GHI RC ;Generate 2's complement for minus
0459 FAQF ANI OFH

0458 BC PHI RC

045C 9C Compc GHI RC ;Invert contents of RC and add 1
045D FBFF XRI OFFH

045F 52 STR 2

0460 8C GLO RC

0461 FBFF XRYI OFFH

0463 FCO1 ADI O01H

0465 AC PLO RC

0466 FBOO LDI OO0H

0468 74 ADC

0469 BC PHI RC

046A.CO0454 LBR Adcin5

046D 9C Ovrflo GHI RC

046E FE . SHL ;Determine sign on overflow

046F 3B79 BNF Ovrflm

0471 68CCOFFF RLDI RC,OFFFH ;+16383.5

0475 FCOO Ovrfll ADI OO0H ;DF=0 to flag error

0477 6894 SRET 4

0479 68CCF001 Ovrflm RLDI RC,0F001H ;-16383.5
047D 3075 BR  Ovrfll
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Lt e e e e e i s s e e e R e D e R a2

* Read the ADC 4 times and store in M(8020-8027) *
AR R R e R e el e A e e e

047F 68CB8020 Get4R RLDI RB,8020H ;RB <= 8020H (Memory pointer)

0483 6884 SCAL & ;Call Adcin (1st point with delay)
0485 0436 DEFD Adcin .

0487 9C Get4R2 GHI RC ;M(RB,RB+1) <= ADC data

0488 5B STR RB

0489 1B INC RB

048A 8C GLO RC

048B 5B STR RB ’

048C 1B INC RB

048D 8B GLO RB ;Test for number of readings

048E FB28 XRI 28H

0490 C20454 LBZ Adein5

0493 6884 SCAL 4

0495 0434 DEFD Adcin3 ;Get ADC data with no delay

0497 3087 BR Get4R2

Feheede A A e e R Ao et ettt desdede dededeiee ek
* Qutput decimal value of number in RC *
FeidedeTrdrnrrieiee e T e i i e etk
0499 9C Outdec GHI RC

049A FE SHL ;Get sign into DF

049B CBO4AC LBNF Outdce2 ;If DF=0 (positive) then Outdc2

049E F82D Lr ‘- ;Send '~' out

04A0 AF PLO RF

04A1 6884 SCAL 4

04A3 OOFB DEFD Outch

04A5 6884 SCAL & ;Call Compc (Get magnitude)

04A7 045C DEFD Compc

04A9 CO04B3 LBR OQutde3

04AC F82B Outdc2 IDI '+ - ;:Send '+' out

04AE AF PIO RF

04AF 6884 SCAL 4

04B1 OOFB DEFD Outch

04B3 6884 Outdc3 SCAL 4 ;Call Btod (Convert to decimal)
04B5 04BD DEFD Btod

04B7 6884 SCAL & ;0all Outéh (Send out 4 BCD values)
0489 0174 DEFD Outéh

04BB. 6894 SRET 4
B A L L E R R L L e
* Convert binary number to decimal R
R (RC = binary number, RD = decimal number) *
B E T Lt LI B T S )
04BD FBOF Btod IDI OFH ;RB.0 <= OFH (Count=15)

O4BF AB PLO RB

04C0 F800 IDI OOH +RD <= 000CH

04C2 AD PLO RD
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04C3 BD PHI RD

04C4 8C Btod2 GLO RC ;RC <= RC shifted left one bit

04C5 FE SHL

04C6 AC PIO RC

04C7 9C GHI RC

04C8 7E RSHL

04C9 BC PHI RC

04CA 8D GLO RD ;RD <= RD + RC

04CB 687C00 DACI OOH ; (MSB before shift left above)
O4CE AD PLO RD

04CF 9D GHI RD

04D0 687C00 DACI OOH

04D3 BD PHI RD

04D4 8B GLO RB ;RB <= RB -1

04D5 FFO1 SMI O01H

04D7 AB PLO RB

04D8 32E7 BZ Btod3 ;If RB=1 = 0 then Btod3 (Exit)

04DA 8D GLO RD ;RD <= RD * 2

04DB 52 STR 2

04DC 68F4 DADD

04DE AD PLO RD

O04DF 9D GHI RD

04ED 52 STR 2

O4E1 6874 DADC

04E3 BD PHI RD

04E4 CO04C4 LBR Btod2 ;Go to BtodZ to get next bit

04E7 6894 Btod3 SRET & ;Return

dedeleieeleieTedee s e R el e e ek
* Convert two's compliment 2 byte data into two 6 bit *
* plus parity bytes where RC is pointer to data *
# (RC is incremented by 2 before exit) *
B T T E S R S )
04E9 1C Convrt INC RC ;DF,D <= M(RC+1) shifted left w/c
04EA 0OC LDN RC ;3  (LSByte) :

O04EB 7E SHLC

04EC 2C DEC RC ;DF,D <= M(RC) shifted left w/c

04ED 0OC IDN RC ;  (MSByte)

O04EE 7E SHLC

04EF FA3F ANI 3FH ;Mask result in D

04F1. 6884 SCAL &

04F3 0503 DEFD Parbit ;Call Parbit (Calculate parity)
04F5 5C STR RC

04F6 1C INC RC

04F7 0OC LDN RC

O4F8 T6 SHR

04F9 FA3F ANI 3FH

04FB 6884 SCAL &

04FD 0503 DEFD Parbit

04FF 5C STR RC
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0500 1C INC RC

0501 6894 SRET &

B LR R R R T Lt LA LB LR L Lt
* Calculate bit parity of a byte *
Sriririnriei el i rieieinieinintirielinere i iR R e i e e e
0503 AD Parbit PLO RD

0504 68CE0Q00 RLDI RE,O0O000H

0508 8D GLO RD

0509 Fé6 Parbl SHR

050A CBOSOE LBNF Parb? ;If DF=0 (LSB of RD) then Parb2

050D 1E INC RE

050E CAO0509 Parb2 LBNZ Parbl

0511 8E GLO RE

0512 Fé6 SHR

0513 8D ‘ GLO RD

0514 CBO519 LBNF Parb3

0517 F940 ORI 4QH

0519 6894 Parb3 SRET &

051B C4 NOP sRequired for BCI in clock

051C C4 NOF

051D C4 NOP

Fdninrindinbinedbdded i el e e e b e i e i e e e e A R R e e el

* Initialize time to 11:55 *
T T e e e e e e e S e T e e e e e e e R e R

051E 68CC0011 SetT2 RLDI RC,0011H ;RC <= 0011H

0522 6BCB5500 RLDI RB,5500H ;RB <= 5500H

0526 6884 «SCAL 4 ;Call Timel (Store time in memory)
0528 062A DEFD Timel

0524 6894 SRET 4

B L e e
* Jump to program command *
Fefededeinriciriliinieiolololeinlordeh Rk dk ok ik i e ikl ol ioiriedeieioioloieiniieininninine el
052C 6884 Jump  SCAL 4 ;Call Qutsp (Send out space)

052E 00C5 DEFD Outsp

0530 6884 SCAL & ;Clear RD

0532 018C DEFD Clrrd

0534 6B84 Jump2 SCAL & ;Call Gethex (Get jump address)
0536. 0120 DEFD Gethex ’

0538 3334 BDF Jump2 ;Loop for non hex character

053A 9F . GHI RF

053B FBOD XRI ODH

053D CAO04C LBNZ Start ;If input char <> CR then Start

0540 22 DEC R2 ;Adjust stack pointer

0541 22 DEC R2 sPut address in return pointer

0542 8D GLO RD

0543 A4 PLO R4

0544 9D GHI RD
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0545 B4 PHI R&4

0546 6894 SRET & ;Jump to program
drdededededeiedeiedrieieieiefedeiodininidnivaleinieiieieiielnielkeiet e e
#* Dump registexs *
Federereriedeiedevedeedefefe iRl el e R e e
0548 EOD Regdmp SEX RO ;Set DPIR to be RO

0549 68C0801F RLDI 0,801FH ;RO <= 801F

054D 68AF RSXD RF jLoad register contents to memory
054F 6BAE RSXD RE

0551 68AD RSXD RD

0553 68AC RSXD RC

0555 6BAB RSXD RB

0557 68AA RSXD RA

0559 6849 RSXD R9

055B 6B8AB RSXD R8

055D 6BA7 RSXD R7

055F 68A6 RSXD Ré6

0561 6BAS RSXD R5

0563 68A4 RSXD R4

0565 68A3 RSXD R3

0567 68A2 RSXD R2

0569 6BA1 RSXD R1

0568 E2 SEX R2 ;Set DPTR back to R2 (Stack)

056C 6B8CC8000 RLDI RC,8000H ;Set dump range

0570 68CB8020 RLDI RB,8020H ; (RC=Start, RB=End)

0574 C00224 LBR Dump3 sBranch to Dump3 to dump memory

FedrFdeliedeieinininnniohiviniokinlrbedefolnbfededeobdeob b dnnbde il el el edo e ledededeie el oo kol

* Enable Clock Interrupt *
Fedededeieirioiirinii e et e e Aol e e s e AR Y

0577 680B IntenB XID - ;External interrupt disable
0579 F896 LDI 150D

0578 6800 STPC ;Stop counter

057D F896 ILDI 150D

057F 6806 bC ;CNTR <= 150D, CH<=150D, Cl<=0
0581 6803 SCM2 sEF2 set to decrement clock
0583 680C CIE ;Enable clock interrupt

0585 F823 ILDI 23H

0587 22 DEC 2 ;R2 <= R2-1 (Adjust stack set X,P)
0588, 52 STR 2

0589 70 RET

0584 6894

SRET &
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Fededededrde il einininie el d bl inbed deln e i i e e e R R e R e R e b R e e e

* Clock routine update time by 1 second i
% (This routine will be entered every second *
* due to EF2 counter/timer interrupt) *
Fededrir il e et et A Aok
058C 70 Exclk RET sExit

058D 6876 Clock DSAV ;Save Registers.

058F 22 DEC 2 ;R2 <= R2-1

0590 68A5 RSXD 5 ;R5 <= Stack

0592 68C53000 RILDI 5,3000H sM(3000) <= XX -

0596 55 STR 5 ; (Strobe watchdog timer)

0597 68C5802C RLDI 5,802CH  ;M(802C) <= M(802C) + 1

059B 05 LDN 5 ; (Increment seconds)

059C 68FCO1 DADI O1H

059F 55 STR §

05A0 FB60 XRI 60H ;If Seconds <> 60 then Clock2

05A2 CAOSE3 LBNZ Clock2 3 -(Reset and exit)

05A5 55 STR 5 ;M(802C) <= 00H (Set seccnds to 0)
05A6 25 DEC 5 ;M(802B): <= M{802B) + 1

05A7 05 IDN § ; (Incrlement minutes)

0548 68FCO1 DADI O1H i

05AB 55 STR 5

05AC FB1S XRI 15H ;If Minutes = 15 then Flag

05AE C205DC LBZ Flag ;5 (Set'get data flag)

05B1 05 IDN 5 .

05B2 FB30 XRI 30H ;If Mino'tes = 30 then Flag

05B4 C205DC LBZ Flag ; (Set:iget data flag)

05B7 05 IDN S f

05B§ FB45 XRI 45H sIf Minutes = 45 then Flag

05BA C205DC LBZ Flag ; (Set get data flag)

O5BD 05 IDN 5

05BE FB60 XRI 60H _

05C0 CAOSE3 LBNZ Clock2 ;If Minutes <> 60 then Clock2

05C3 55 STR 5 ;M(802B) <= 00H (Set minutes to 0)
05C4 25 DEC 5 sM(B02A) <= M(802A) + 1

05C5 05 LDN 5 3 . (Increment hours)

05C6 68FCO1 DADI O1H

05C9 55 STR 5

05CA FB12 XRT 12H

05CC 32D5 BZ Flagx $If time = 12:00 then Flagx

05CE 05 LDN 5 ;3 (Set xmit flag)

05CF FBz24 XRI 24H ;If Hours <> 24 then Flag

05D1 CAOSDC LBNZ Flag ;3 (Bet get data flag)

05D4 55 STR 5 ;M(B02A) <= 00K (Set hours to 0)
05D5 68C58031 Flagx RLDI 5,8031H ;M(8031) <= FFH (Set xmit flag)
05D9 F8rF LDI OFFH

O5DB 55 STR 5

05DC 68C58028 Flag RLDI 5,8028H ;M(8028) <= FFH (Set get data flag)



05E0
05E2

05E3
05E6
05E7
05E9
05EA
O05EB
05EC

F8FF
55

683EE6
12
6865
42

FE

42
€C0058C

Clock?2
Clock3

LDI
STR

BCI
INC
RLXA
LDA
SHL
LDA
LBR

OFFH
5

Clock3
2
5
2

2
Exclk

;Clear timer interrupt latch
;Restore registers
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°Restore contents of R5 into memory

i neninh el deintinnrinbedb il el de e e R i e i e e e

* Get time and store in registers RC and RD
B T E R La b Lt Ch T A R

Gettim BN2

05EF
05F1
05F3
05F7
05F8
05F9
05FA
O05FB
05FC
05FD
O5FE
O5FF

3DEF
35F1
68058029
45
BD
45
AD
45
BC
05
AC
6894

Gettm2

B2
RLDI
LDA
PHI
LDA
PLO
LDA
PHI
LDN
PLO
SRET

Gettim
Gettm2

5,8029H

5
RD
5
RD

5
R
5
RC
4

;Wait for interrupt to finish

3RD.1 <= M(8029) --Days
sRD.0 <= M(802A) --Hours
;RC.1 <= M(802B) ~-Minutes
;RC.0 <= M(802C) --Seconds

£

i e L e e e e s e e e L

* Display and change time
Fefededeieicieieiolrioiieleieirele i ieideirioldeiriolrhoniolodoiniceloiniohoioliefoieioiololofoleiedeloloideloidoioedoleleleloinds

0601
0603
0605
0607
0609
060B
060D
060E
060F
0610
0611
0613
0615
0617
0619
061A
061C
061F
0621
0623

6884
00C5
6884
O5EF
6884
017A
8C
AD
9C
BD
6884
0174
6884
00D1
9F
FB20
CA004C
6884
01F1
6884

Time

SCAL
DEFD
SCAL
DEFD
SCAL
DEFD
GLO

PLO

GHI

PHI

SCAL
DEFD
SCAL
DEFD
GHI

XRI

LBNZ
SCAL
DEFD
SCAL

4
Cutsp
4
Gettim
4
Out4h
RC

RD

RC

RD

4
Out4h
4
Inch
RF

20H
Start
4
Getrng
4

;Call Outsp (Send out space)

;Call Gettim (Get time)

;s (RC=Mins,secs, RD=Hours)
;Send out hours

;RD <= RC

;Send out minutes and seconds

;Call Inch (Input character)

;If input char <> ' ' then Start

;Call Getrng (Input time)

*
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0625 062A DEFD Timel

0627 CO004C LBR BStart

Fedridririrr frrinirieirie oo it b e e e et e driededesleabok
* Load Time into memory i o
%* (RC = Hours, RB = Minutes,seconds) . *
deiriririndeirieriefedeioioiokiinistdeiinianielodniriindieinielededeieinine i et ieirieke dolefedekoe
062A 3D2A Timel BN2 Timel iWait till EF2=1

062C 352G Time2 B2 Time2 sWait till EF2=0

062E 68C58029 RLDI 5,8029H  ;M(8029) <= RC.1 (Hours)

0632 3C GHI RC

0633 55 STR 5

0634 15 INC 5 ;M(802A) <= RC.0 (Hours)

0635 8C GLO RC

0636 55 STR 5

0637 15 INC 5 ;M(802B) <= RB.1 (Minutes)

0638 9B GHI RB

0639 55 STR §

0634 15 INC 5 ;M(802C) <= RB.0 (Seconds)

063B 8B GLO RB

063C 55 STR 5

063D 6894 SRET 4

T rieeiirieirdededeiniidint e e e et e
# Qutput Character to transmitter ¥
* (Same as Outch except no LF on a CR ¥*
SRR Rk AR e ek Rl i dele i lelecdolniedoioioieleleioleinideink deledeloic ke
063F 6F Outtx INP 7 ;Wait till UART ready for data

0640 FE SHL

0641 3B3F BNF Outtx

0643 22 DEC 2 ;Fix stack pointer

0644 8F GLO RF sUART <= RF.0 (Data byte out)

0645 52 STR 2

0646 66 OUT 6

0647 8F GLO RF ;Update byte parity (even)

0648 52 STR 2

0649 8A GLO RA

064A F3 XO0R

064B AA PLO RA

064C 6894 SRET 4
Sededririoirieiriririeioininirdoiioieirioieiraieinie ik do ol dede el btk A A Ak deiin
* Select serial port and turn transmitter off *
Feederel Rt e Al T Al Tt dedede oo et dee e e e
064E F801 Serial LDI OIH sM{8030) <= XXXX XXX0 (Store Status)
0650 FBFF XRI OFFH sM(2000) <= ===~ ==~=0

0652 52 STR 2 i (Torn off transmitter)

0653 68C58030 RLDI 5,8030H

0657 05 IDN 5

0658 F2 AND



0659
065A
065E

55
68C52000
55

065F 68C5802F Mset

0663
0665
0666

F800
55
6894

STR
RLDI
STR
RLDI
LDI
STR
SRET

5
5,2000H
5
5,802FH
00H

5

4

;M(802F) <= OOH

99

(Reset xmit flag)

Lt s i o e e g e e i g e T i e R b

* Select transmitter as output
Fededede Rk R R R ek e e R i el e Aot ek Aok
;If EF1 = 0 then Trans
for inactive transmitter)

<= XXXX XXX1 (Store status)

0668
0669
066B
066D
066E
0672
0673
0674
0675
0679
0674
067E
0682
0684
0688
0689

C4

3468
F8ol

52
68C58030
05

F1l

55
68C52000
55
68C61900

Trans

6826067E Tranl

F8FF
68C5802F
55

6894

NOP
Bl
LDl
STR
RLDI
LDN
OR
STR

- RLDI

STR
RLDI
DBNZ
LDI
RLDI
STR
SRET

Trans
01H

2
5,803CH
s

5
5,2000H
5
6,6400
6,Tranl
0FFH
5,802FH
5

4

;7 (Wait
;M(8030)
;M(2000)
3  (Turn

<=
on

;R6 <= 6400

sM(B02F)

<=

———— eanl

transmitter)

(Wait 1 second)

FFH

(Set flag)

*

el R e e e R R e e e e R e e R R R e e et

* Service Request to Read ADC data on FM signal levels.
B L L L s s e o e e e e e
68C61900 Fserv RLDI 6,6400

6826068F Fservl DBNZ 6,Fservl

0688
068F
0693
0695
0698
069C
069D
069E
069F
06A0
06A1
06A2
0646
06A8
06AA
06AD
Q6AF
06B1
06B3

3498 Bl
C0004C LBR
66C58032 Fservd RLDI
45 LDA
A6 PLO
AB PLO
05 LDN
B6 PHI
BB PHI
68CC9BEO RLDI
6884 SCAL
024F DEFD
C30709 LBDF
6884 SCAL
088E DEFD
6884 SCAL
0411 DEFD

Fservd
Start
5,8032H
5

6

RB

5

6

RB
RC,9BEOH
4
Chkadd
Fserv?
4
Timfor
4
Adcon

sR6 <= 6400

(Wait 1 second)

;If EF1=0 then Fservd
: (Transmitter still on)
sRB <= R6 <= M(B8032,8033)

;5 (Data marker)

;If Marker > 9BEOH then Fserv?

;Call Timfor
; (Store time in data memory)

;Call Adcon

(Turn on ADC)

=



06B5
06B7

06B8
06BA
06BC
06BE
06CO
06C2
06C5
06Cé
06CA
06CB
06CC
06CD
06CE
06CF
06D0
06D1
06D2
06D3
06D4
06D5
06D6
06D7
06D8
06D9
06DA
06DB
06DF
06E3
06E4
06ES5
06E6
06E7
06ES8
06E9
06EA
06EB
O6EF
06F0
06F1
06F2
06F3
06F4
06F5
06F6
06F7
06F9

F807
A7

6884
0427
6884
047F
34G5
€00710
2B
68CC0003
0B

AD

2B

0B

BD

2B

0B

52

8D

F4

AD

2B

0B

52

9D

74

BD
682C06CF
68CA0002
9D

7E

9D

76

BD

8b

76

AD
682A06E3
9D

56

16

8D

56

16

17

87
FBOA
Cc20700

Fserv3

Fservc

Fservé

Fdiv4l

100

LDI 074 1R7.0 <= 07H (Relay select data)
P10 R7

SCAL 4 ;Call Adcsel (Select relay)

DEFD Adcsel . .
SCAL 4 ;Call Get4R (Get 4 .ADC readings)
DEFD Get4R + (RB = 8028 = Last ADC addr + 1)
Bl Fservc

LBR Fservt

DEC. RB ;Add readings

RLDI RC,3 sRC <= 0003H (Cntr for &4 readings)
LDN RB ;RD < M(RB,RB-1)

PLO RD ; (Get last ADC data)

DEC RB

LDN RB

PHI RD

DEC RB ;RD <= RD + M(RB,RB-1)

ILDN RB ;3 (Add next ADC data)

STR 2

GLO RD

ADD

PLO RD

DEC RB

LDN
STR
GHI
ADC
PHI
DBNZ
RLDI
GHI
RSHL
GHI
RSHR
PHI
GLO
RSHR
PLO
DBNZ
GHI
STR
INC
GLO
STR
INC
INC
GLO
XRI
LBZ Fservé ;If Relay = 10 then Servé

ool
=

sexrv4d 3;RC <= RC - 1 (Dec cntr and branch)
;RA <= 2 (Divide by & counter)
sRD<=RD / & (Divide sum by 2)
;DF <= Sign (Save sign)

3

[

;Shift MSByte

;Shift LSByte

,Fdiv4L :RA <= RA - 1 (Divide sum by 2)
;M(Marker) <= RD

cogercgRE 88 & SF88 B

=
~

;Increment for next relay

25



06FC
06FD

0700
0704
0705
0706
0707
0708
0709
070D
070F
0710
0712
0714

87 GLO R7
C006B8 LBR TFserv3
68C58032 Fserv6 RLDI 5,8032H
86 GLO 6

55 STR 5

15 INC 5

96 GHI 6

55 STR 5
68C5802E Fserv? RLDI 5,802EH
F8FF IDI OFFH

55 STR 5

6884 Fservt SCAL 4

03FC DEFD Adcoff
C0004C LBR Start

101

;3 (All relays done)
;M(8032,8033) <= Ré

3+ (Update marker address)
;sM(802E) <= FFH

3 (Transmit data taken)

;Turn ADC off
;Exit

ey e i e e L L et e L e L i S L e e e e

* Service Request to Read ADC or Transmit data ¥
B A L R e S R e S )

0717
0719
071B
071C
071D
071E
. 071F
0721
0723
0725
0727
0729

072A
072C
072E
0730
0732
0733
0737
0738
0739
0734
073B
073C
073D
073E
073F
0740
0741
0742

6884 Servic SCAL &4

085D DEFD Makptr
9D GHI RD

B6 PHI Ré

8D GLO RD

A6 PLO R6
6884 SCAL 4

08BE DEFD Timfor
6884 SCAL 4

0411 DEFD Adcon
F800 LDI OCH

A7 PLO R7Y
6884 Serv3 SCAL 4

0427 DEFD Adcsel
6884 SCAL 4

047F DEFD Get4R
2B DEC RB
68CCO003 RLDI RC,3
0B LDN RB

AD PLO RD

2B DEC RB

0B LDN RB

BD PHI RD

2B Serv4 DEC RB

0B LDN RB

52 STR 2

8D GLO RD

F4 ADD

AD PLO RD

2B DEC RB

;Call Makptr (Create Marker in RD)

;R6 <= RD (Ré = Marker)

;Call Timfor (Store time in memory)

3Call Adcon (Turn on ADC)

;R7.0 <= 00H (Relay select data)

;Call Adcsel (Select relay)

;Call Get4R (Get 4 ADC readings)

;3 (RB = 8028 = Last ADC addr + 1)
;Add readings

;RC <= 0003H (Cntr for 4 readings)
;RD < M(RB,RB-1) (Get last ADC data)

sRD <= RD + M(RB,RB-1)
3 (Add next ADC data)
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0743 0B ILDN RB

0744 52 STR 2

0745 9D GHI RD

0746 74 ADC

0747 BD PHI RD ) o
0748 682C073C DBNZ RC,Serv4 ;RC <= RC - 1 (Dec cntr and branch)
074C 68CA0002 RLDI RA,2 ;RA <= 2 (Divide by 4 counter)
0750 9D Div4Lp GHI RD ;RD <= RD / &4 (Divide sum by 2)
0751 7E RSHL ;DF <= Sign (Save sign)

0752 9D GHI RD

0753 76 RSHR ;Shift MSByte

0754 BD PHI RD

0755 8D GLO RD

0756 76 RSHR ;Shift LSByte

0757 AD PLO RD

0758 682A0750 DBNZ RA,Diva4lp ;RA <= RA - 1 (Divide sum by 2)
075C 9D GHI RD sM(Marker) <= RD

075D 56 STR 6

075E 16 INC 6

075F 8D GLO RD

0760 56 STR 6

0761 16 INC 6

0762 17 INC R7 ;Increment for next relay

0763 87 GLO R7

0764 FBO7 XRI 07H

0766 C2076D LBZ Servé ;If Count = 7 then Serxrvé

0769 87 GLO R7 3+ (All relays done)

076A C0O072A LBR Serv3

076D 6884 Servé SCAL 4

076F O3FC DEFD Adcoff ;Turn ADC off

0771 68C58031 RLDI 5,8031H

0775 05 IDN S

0776 3A86 BNZ ZXmit

0778 68C58028 Servrt RLDI R5,8028H ;M(8028) <= OOH

077C F800 IDI O0O0H ; (Clear get data flag)

0778 55 STR S

077F 6884 SCAL 4

0781 064E DEFD Serial

0783 CO004C LBR Start ;Exit

A it e e A e e e e e e Al AR A
* Process transmission sequence *
Feirddrieieioidednidrinieioiededededodedolileledeinicdoieiotdoininiololeloloioledoiainoidodelelololdoinie il e dolioholoko ok
0786 6884 Xmit  SCAL &

0788 O5EF DEFD Gettim ;RD=Hours, RC=Minutes

078A 68C89000 RLDI R8,9000H ;R8 <= 9000H (Pointer to 0:00 data)
078E 8D GLO RD

078F FB12 XRI 12H



0791
0793
0797
0799
079B
079D
079F
07A2
0746
07A8

07AA
07AE
07B2
07B6
0787
07B8
07B9
07BA
07BC
07BE
07C1
07C2
07C4
07C5
a7Cé6
07C8
07C9
07CA
07CD
07CF
07D0
07D1
07D3
07D5
07D8
07DC
07DE

07E0
07E2
07E6
07E7
07E8
07E9
07EA
07EC
07ED

3297

68C89300

6884 Xmit2
0668

6884

0330

AAAAQO
68C7000C

6884

07F0

68C70001
68CC9640
68058032
45

AB

05

BB

6884 Xmit9
024F
CBO7CD
8c

FC40

AC

9C

7C00

BC

17
C007BA
F800 Xmitl0
3B

1B

6884
024F
CBO7CD
68C89600
6884
07F0

F800
68C58031
55

15

55

15

F896

55
€o0778

B2

RLDI
SCAL
DEFD
SCAL
DEFD
DEFB
RLDI
SCAL
DEFD

RLDI
RLDI
RLDI
LDA
PLO
LDN
PHI
SCAL
DEFD
LBNF
GLO
ADI
PLO
GHI
ADCI
PHI
INC
LBR
LDl
STR
INC
SCAL
DEFD
LBNF
RLDI
SCAL
DEFD

LDI
RLDI
STR
INC
STR
INC
LDI
STR
LBR

103

Xmit2 3If time = 12:00 then Xmit2
R8,9300H ;R8 <= 9300H (Pointer to 12:00 data)

4 ;Call Trans
Trans ;3 (Select transmitter output
4

Outstr ;Call Outstr .
OAAH,0AAH,00H ; (Output start bytes)
R7,12 sR7 <= 12
4 ; (Cntr for number of data blocks)
Xdata ;Call Xdata

;3 (Format and transmit data blocks)
R7,1 31R7 <=1 (Set block count)

RC,9640H ;RC <= 9640H (First bndry pointer)
5,8032H ;RB <= M(8032,8033)

5 3 (Put xmit data marker in RB)

RB

5

RB

4 ;Call Chkadd

Chkadd ;i (Compare RC against RB)

Xmitl0

RC sRC <= RC + 64

64 7+ (Increment to next boundary)

RC

RC

O00H

RC

R7 sR7 <= R7 + 1 (Increment block cnt)
Xmit9

00H

RB

RB

4

Chkadd

Xmit10

8,9600H

4 ;Call Xdata

Xdata 3 (Format and transmit data blocks)

0oH ;M(8031) <= 00H (Do not xmit data)
5,8031H

5 sM(8033),H(8032) <= 9600H
5 3 (Reset marker)

Servrt sBranch back to Servrt (Exit)
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Fnrnrnh e d i birbrin bbbl b de e e e e e e e e e e e e e

* Format and transfer 64 byte data blocks *
seedededererederieledeltodiieiededriedoi ettt ol o ek

07F0
07F1
07r2
07F4
Q7F5
07Fé6
07F7
07F9
07FA
07FC
07FE
0800
0802
0805
0809
080A
080B
080D
C80E
C80F
0810
0812
0813
0815
0817
0814
081C
081D
081F
0821
0823
0824
0826
0828
0829
0824
082C
082E
082F
0831
0833
0836
0837
0838
083A
083C
083E

88
AC
FC40
AB
98
BC
7C00
BB
6884
04E9
6884
024F
C307FA
68C60002
88
AC
FC40
AB
98
BC
7C00
BB
6884
0330
558000
F800
AA
F837
6884
0503
AF
6884
Q0CFB
0c
AF
6884
OCFB
1C
6884
024F
C30828
8A
AF
6884
00FB
6884
0330

Xdata

Xdata2

Xloop2

Xdata3

GLO
PLO
ADI
PLO
GHI
PHI
ADCI
PHI
SCAL
DEFD
SCAL
DEFD
LBDF
RLDI
GLO
PLO
ADI
PLO
GHI
PHI
ADCI
PHI
SCAL
DEFD
DEFB
LDI
PLO
LDI
SCAL
DEFD
PLO
SCAL
DEFD
LDN
PLO
SCAL
DEFD
INC
SCAL
DEFD
LBDF
GLO
PLO
SCAL
DEFD
SCAL
DEFD

R8

RC

64

RB

R8

RC

00H

RB

4
Convrt
4
Chkadd
Xdata2
R6,2
RB

RC

64

RB

R8

RC

00H

RB

A
Qutstr

3RC <= R8 (Xmit data pointer)
;RB <= R8 + 40H (End of data)

;Call Convrt
3 (Convert data and add parity)

;Call Chkadd (See if finished)

;R6 <= 2 (to transmit data twice)
;:RC <= R8 (Start address restored)

;RB <= R8 + 64
; (End address restored)

;Call Cutstr (Send out header)

55H,80H,00H

OOH
RA
37H

4
Parbit
RF

4
Outch
RC

RF

4
Outch
RC

4
Chkadd
Xdata3
RA

RF

4
Outch
4
Outstr

;Clear byte polarity register
;Define repeater ID number

;Add parity

;Call OQutch (Send out repeater IDj#)
;RF.0 <= H(RC)

;Call Qutch (Output data)

;Call Chkadd (Check for finished)

;Loop till complete

;Call Outch (Send out byte parity)

;Call Qutstr (Send out end bytes)



0840
0843
0847
084B
084F
0850
0852
0853
0854
0856
0857
085B

AA7F00
68C9200D6
68290847
68260809
88

FC40

A8

98

7C00

B8
682707F0
6894

DEFB
RLDI
Xdata4 DBNZ
DBNZ
GLO
ADI
PIO
GHI
ADCI
PHI
DBNZ

105

0AAH, 7FH,00H

R9,214 ;Set two byte delay

R9,Xdata4

R6,Xloop2 ;If R6<>0 then Xloop2 to send data
R8 3 second time o
40H ;Set address pointer to next block
R8

R8

O0H

R8 _

R7,Xdata ;If R7 <> 0 then Xmitl for next blck

SRET 4

e ded il e e e e e e R R R R R R R R e e R R R R R R R R e

* Make pointer to memory from time in hours (RD=Marker) *
B O i e e O e e R B S

Makptr SCAL &4

085D
085F
0861
0863
0865
0866
0867
0869
086A
086B
086C
086D
086E
086F
0870
0871
0872
0874

0875
0877
0878
0879
087B
087E
087F
0881
0882
0883
. 0885
0886
0888
088A
0sscC

6884
0SEF
6884
08AF
Fé6
BD
F800
76
AD
9D
Fé
BD
8D
76
AD
9D
FC90
BD

F814
52
9c
68F7
CB088C
8D
FC10
AD
D
FCO0
BD
F815
68F4
3077
6894

DEFD
SCAL
DEFD
SHR
PHI
LpI
RSHR
PLO
GHI
SHR
PHI
GLO
RSHR
PLO
GHI
ADI
PHI

LDI
Makpt3 STR
GHI
DSM
LBNF
GLO
ADI
PLO
GHI
ADI
PHI
LDI
DADD
BR
Makpt4 SRET

Gettim
4
Bedbin
sMultiply by hours by 64
RD ;s and add 9000H

14H ;Increment pointer by 10H for
2 ; 15 minutes after the hour

15H

Makpt3
4
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Fededdedrf il il de e R e dedmlniedne s e e e e e R R R R R R R R R e e e e e

* Format time and store in memory from marker *
% (This formats the time so the Convrt program does %*
* not destroy the data at transmission time) *
* R6 = Marker ’ B

STt ik el et e e edeie ool e e At e e el et et A Ao et dedede
088E 6884 Timfor SCAL &

0890 O0SEF DEFD Gettim

0892 8D GLO RD sRD.1 <= RD.0 (Save hours)

0893 BD PHI RD

0894 9C GHI RC

0895 AD PLO RD ;RD.0 <= RC.1 (Minutes)

0896 6884 SCAL &4

0898 OBAF DEFD Bcdbin ;Call Bcdbin (Convert BCD to binary)
089A BC PHI RC ;RC.1 <= Minutes in binary

0898 9D GHI RD ;RD.0 <= RD.1 (Retrieve hours)

089C AD PLO RD

089D 6884 . SCAL &4

089F 0BAF DEFD Bcdbin ;Call Bedbin (Convert BCD to binary)
08A1 9C GHI RC

08A2 FE SHL

08A3 FE SHL _

08A4 BC PHI RC

08A5 8D GLO RD

08A6 F6 SHR

08A7 56 STR 6

08A8 16 INC 6

08A9 9C GHI RC

08AA 76 RSHR

08AB 56 STR 6

08AC 16 INC 6

08AD 6894 SRET 4

SrdededririrtrrRrie e e e de AR AR R R R R R R
* Convert contents of RD.1 from BCD to binary *
Fesedededededededodededeiededoiedeiedodo et dededoiioie e Aol e et e deded e ded e e de e e
08AF 8D Bedbin GLO RD

08B0 FAFO ANI OFOH

08B2 Fé6 SHR

08B3 52 STR 2

08B4 F6 SHR

08B5 F6 SHR

08B6 F& ADD

08B7 52 STR 2

08B8 8D GLO RD

08B9 FAOF ANI OFH

08BB T4 ADD

08BC AD PLO RD

08BD 6894 SRET 4



APPENDIX B

SYSTEM DATA MEMORY MAP

Time Addr Time Addr "~ Time Addr
0:00 9000 8:00 9200 6:00 9400
0:15 9010 8:15 9210 6:15 9410
0:30 9020 8:30 9220 6:30 9420
0:45 9030 8:45 9230 6:45 9430
1:00 9040 9:00 9240 7:00 9440
1:15 9050 9:15 9250 7:15 9450
1:30 9060 9:30 9260 7:30 9460
1:45 9070 9:45 9270 7:45 9470
2:00 9080 0:00 9280 8:00 9480
2:15 9090 0:15 9290 8:15 9490
2:30 90A0 0:30 92A0 8:30 94A0
2:45 90BO 0:45 92B0 8:45 94B0
3:00 90CO 11:00 92C0 19:00 94CO
3:15 90D0 11:15 92D0 19:15 94DO
3:30 90EQ 11:30 92E0 19:30 94E0
3:45 90F0 11:45 92F0 19:45 94F0
4:00 9100 12:00 9300 10:00 9500
4:15 9110 12:15 9310 10:15 9510
4:30 9120 12:30 9320 10:30 9520
4:45 9130 12:45 9330 10:45 9530
5:00 9140 13:00 9340 11:00 9540
5:15 9150 13:15 9350 11:15 9550
5:30 9160 13:30 9360 11:30 9560
5:45 9170 13:45 9370 11:45 9570
6:00 9180 14:00 9380 12:00 9580
6:15 9190 14:15 9390 12:15 9590
6:30 91A0 14:30 93A0 12:30 95A0
6:45 91BO 14:45 93B0 12:45 95B0
7:00 91C0 15:00 93C0 13:00 95C0
7:15 91D0 15:15 93p0 13:15 95D0
7:30 91E0 15:30 93E0 13:30 95E0
7:45 91F0 15:45 93F0 13:45 95F0
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APPENDIX C

PARTS LIST

Microprocessor Controller Board

Quantity Description

NN PN

P A

1806AC Microprocessor

1854C UART

CD4042 Latch

CD4093 2-Input NAND Gate

CD4060 Counter/Divider and Oscillator
CD4071 OR Gate

74C42 Decimal Decoder

741504 Inverter

Crystal Oscillator (2.4576 MHz)

TC55257TL~12 RAM Memory
27C64 ROM Memory

1N914 Diode

330 Resistor
4.7k Resistor
22k Resistor
10 Resistor

0.005uF Capacitor
0.1uF Capacitor
20uF Capacitor
47uF Capacitor
5-60pF Variable Capacitor
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Baseband Signal Processor Board

Quantity Description
1 ICL8038 FSK Waveform Generator
1 XR-2211 FSK Decoder
3 IM4250 Programmable Operational Amplifier
1 IM11CN Operational Amplifier
2 CD4093 2-Input NAND Gate
1 741504 Inverter
1 TS-32 Tone Decoder/Encoder

2N2222 Transistor
IN914 Diode

1S -]

330 Resistor
1k Resistor
2k Resistor
4,7k Resistor
10k Resistor
15k Resistor
22k Resistor
39k Resistor
47k Resistor
82k Resistor
100k Resistor
220k Resistor
390k Resistor
470k Resistor
510k Resistor
1M Resistor
20k Potentiometer

AP FEEPNONEHERUER RS-

530pF Capacitor
0.001uF Capacitor
0.0027uF Capacitor
0.0047uF Capacitor
0.005uF Capacitor
0.01uF Capacitor
0.024uF Capacitor
0.047uF Capacitor
0. 1luF Capacitor
1.0uF Capacitor
100uF Capacitor
5100uF Capacitor

—
RFHGOWHENER e
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Diagnostic Data Acquisition Board

Quantity Description

0 W171-411 Relay

3 IM11CN Operational Amplifier

1 74C42 Decimal Decoder

2 74L804  Inverter

1 CD4042  Latch

1 ICL7109 Analog-to-Digital Converter

10 2N2222 Transistor
2 44008 ‘Thermistor

1 Sm Resistor
3 lk Resistor
3 10k Resistor
1 19k Resistor
0 22k Resistor
3 90k Resistor
5 100k Resistor
2 270k Resistor
2 363k Resistor
2 10M Resistor
1 20k Potentiometer

13 0.1uF Capacitor
2 0.15uF Capacitor
1 1.0uF Capacitor
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Power Distribution and Regulator Board

Quantity Description

IM2931 Voltage Regulator
ICL7660 Converter

ILM11CN Operational Amplifier
W171-411 Relay

2N2222 Transistor
MJ2955 Transistor
TIP42C Transistor
2N2219 Transistor
1N3890 Power Diode
44008 Thermistor

NS e

5m Resistor
1 Resistor
100 Resistor
1k Resistor
10k Resistor
22k Resistor
27k Resistor
33k Resistor
20k Potentiometer

NMNMMNSNRONRNDE W

0.1uF Capacitor
20uF Capacitor
100uF Capacitor

WwN WL



Miscellaneous Hardware

Quantity Description

S S R

(W

[

ARCO-M55 Solar Collectors
LCR12V100P Lead~Acid Battery (100 Ah)
LCR12V80P Lead-Acid Battery (80 Ah)

TPRD-4544 Duplexer

SCR450 UHF Receiver

FL-4 Helical Resonator Preselector
SCT410B UHF Transmitter

ASPD-701 UHF Broadband Collinear Antenna

PN2A Power Monitor
T2000 Isolator
AD-HV Gas surge protector

A-363008RFILP Enclosure (36x30x8)
A-36P30 Panel (33x27)

Auxiliary Microphone
Auxiliary Speaker
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APPENDIX D
SCHEMATIC DIAGRAMS

The following schematic diagrams are located in the pockef:
1. Repeater Component Interconnection Schematic
2. Microprocessor Controller Board
3., Baseband Signal Processor Board
4. Power Distribution and Regulator Board
5. Diagnostic Data Aquisition Board

6. Repeater Hardware Frame
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