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4 I. INTRODUCTION

The Sutron Corporation, under contract to the New England
Division of the Department of the Army Corps of Engineers, has
developed and successfully demonstrated an adaptive random report-
ing data collection system that uses the National Environmental
Satellite Service's Geostationary Operational Environmental
Satellites (GOES) Data Collection System (DCS). The Sutron
system is designed to collect data from various types of remote
sensing instruments and transmit those data to a central receiv-
ing site using the GOES DCS as a relay system. With the Sutron
system, data are transmitted to the satellite in a random report-
ing modé, i.e., there is no scheduled time for the platform to
report data as in self-timed systems, and no external control is
needed to initiate data transmission as in interrogation systems.
In the random reporting system each remote platform establishes

= its own transmission schedule on the basis of a user-developed

algorithm called an adaptive transmission rate algorithm, which
changes the transmission rate as the platform data changes.

The Sutron system, with its adaptive remote transmitter,

has the following advantages over current self-timed and inter-
rogation data collection systems:

e the quantity of data provided from remote sites is
controlled by the users' performance specifications;

® system response time is controlled by user perfor-
mance criteria;

® the size, complexity, reliability, and power con-
sumption of remote site eguipment are significantly
improved over self-timed or interrogation mode
equipment; and

® GOES DCS channel utilization is improved over both
self-timed or interrogation mode operation for most
hydrometeorological (hydromet) data collection
activities.
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Sutron successfully demonstrated its adaptive random report-
ing system during tests for the Corps of Engineers on 6 and 7

December 1978.
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II. PROJECT GBJECTIVES

The program to design, develop, and demonstrate an adaptive
random reporting system was divided into the following three
tasks:

[ Sutron was to design an adaptive random reporting
system that would have a 90 percent probability of
receiving one message an hour from each of 100
remote data collection platforms operating on a
single frequency channel. The theory underlying
this system was to be developed and tested by com-
puter modeling. The reporting algorithm was to be _
developed in conjunction with the New England Corps ;
of Engineers hydrologists. (The Sutron/Corps of
Engineers contract was modified in October 1978 and k
the system was required to meet the Corps of Engineers
performance objective of 200 data collection platforms

1 operating on a single channel with a 90 percent proba-

bility of receiving one message each hour); ]

) The key element in the Sutron random reporting system
is a fast acquisition demodulator to be installed at
the Waltham GOES receive site. Testing was to be done
at Waltham; and

® Sutron was to design, build, and install four "smart"

DCPs using microprocessor technology. These DCPs
were to be capable of executing the reporting rate
algorithm developed in Task A. These four DCPs are
to be used to simulate 200 or more random reporting
units operating on a fixed random regime. Sutron
was to supply a test set which would setup and test
the DCP for operation.

1 A final report would provide engineering documentation
that included sufficient information so that the Corps of

l Engineers could draft specifications for possible future

" procurement of equipment supplied under terms of this con-

tract.




III. DESCRIPTION OF ADAPTIVE RANDOM REPORTING

Random reporting is the transmission of sensor data from

e

a remote site without external timing or control. An understand-
ing of random reporting from remote sites requires an understand-
ing of the statistics of transmitting data through a single

i channel. For such transmission three basic assumptions are made:

i ® performance can be defined over a finite time
(1 hr in this case);

® a single remote unit transmitting at a rate cf
n times per hour is equivalent to 2 remote units
‘transmitting at 1/2 n times per hour; and

® the temporal scattering of transmissions is suf-

ficiently random that the laws of probability are
applicable.

1 : The details of the development of the equations that

describe random reporting performance are given in Appendix A.

The equation from which performance is defined is

Ps(l) = e '2,'15“ (Eq. 1)
fj where Ps(l) = the probability of successfully

receiving a given transmission,
t = the length of time of a transmission,

M = the number of transmitters operating
»‘ i in the communications channel, and

T = the average length of time between
P‘ transmission of all transmitters
operating in a channel.
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A few other basic equations are

Pf = 1 - Ps(l), (Eq. 2)
where Pf = the probability of failure of a given
single transmission; and
n
Ps(n)} = (1 - PE) , (Eq. 3)

]

where Ps(n) the probability of receiving one

message in n tries.

Since each remote transmitter can have variable transmission
rates that are dependent on parametric activity and algorithm
coefficients, a unit communication load is here defined for each
remote site as one transmission every 30 min. A fully loaded
channel is defined as one in which the average message rate is
one message per hour per remote, where that remote is transmitting
twice per hour and the probability of successfully receiving
three transmissions, Ps(3), is 90 percent.

A single transmission requires a message length of 1.86 sec.
(Further discussion on the design of this message is given in
Section 4 of Chapter IV.) From these definitions, it is possible
to plot the number of received messages per channel as a function
of the number of unit loads working into the channel (Figure 1).
The full-load point on the curve is the point at which the number
of messages received equals the number of unit transmission loads.
This number is the average reception of one message per hour per
unit load. From this curve, it may also be seen that even if the
channel is subjected to much higher loading, it will not result
in catastrophic failure. It only means the remote units are
"working harder" (i.e., the same or smaller number of transmis-

sions would be received but more transmission attempts would be
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required) to get the same amount of information through the
channel. The expanded scale in Figure 2 shows what happens

in the extreme case, i.e., the slow degradation of capacity

with messages transmitted.

Assignment of per site communications load is dependent
on the parameter activity to be defined, and its determination
is delineated in Section 3.2 of Chapter 1IV.

The improved channel usage that is possible with the ran-
dom reporting technique can be realized by users who desire
a small amount of information that must be frequently collected
from many remote sites. Such a requirement is predominant in
hydrometeorological data collection. The following tabulation
is an analyses of the equivalent data rate in bits per second

for a river stage and precipitation measurement station:

I Estimated
Minimum Rate Maximum Rate Average Rate
Parameter (bits/sec) (bits/sec (bits/sec)
River Stage 0.00222 00177 0.00667

Precipitation

(8 bits/hr)

0.000555
(2 bits/hr)

(64 bits/hr)

0.0216
(78 bits/hr

(24 bits/hr)

0.00278
(10 bits/hr)

If a 110 bit/sec teletype line were used at 50 percent efficiency
it would support 8250 stage stations and 20,000 precipitation

reporting sites.

In such a case, channel usage efficiency is

primarily dependent on the communications overhead that is

required to complete one message.

Improvement in channel usage

improvement is compared in two cases with the self-timed

reporting in a l-min time window.

I11-4




00S€

1NdHONOHHL TINNVHI DNILHOJIY WOANYY 40 371vOS A3ANVdX3 °Z d4nbig

000E

HNOH H3d Q3LLINSNYHL NOILYHNA 33S 98°L 40 SIOVSSIW 40 HIFGWNN

00s2

0002

00SL

0001

3

00s

T

i

E |

T

2
=
=
m

00L x>
o}
n
2
m
w
17
>
2}

0oz &
n
m
O
s
<
m
(v)
ooe =
-]
=
o
c
-
=
-
00y =
pr: 1 )
m
o]
m
2
O
m

ITI-5

<nkaal

—~

-

R B s’ 4 4 b e



™ The first case is one in which reports are trans-
mitted every 3 hr to describe the parameter over
that 3-hr period. Stored data are used in the
self-timed mode; no stored data are assumed in
the random reporting case. A channel time of 60
sec is required for the self-timed message and 12
sec for the random reporting message. (If stored
data were used in the random reporting case com-
parative improvement over that shown would result.)

® The second case is one in which hourly reporting is
required. The same 60-sec window would be required
in the self-timed case, but only about 5 sec of
channel time would be required in the random reporting
mode, a twelve-fold improvement.
Conservatively, a channel usage improvement by a factor of 4
to 10 can be expected with a random reporting system rather
than a self-timed system for the transmission of hydrometeor-

ological data through the GOES.

In addition to the reporting frequency advantage, the
adaptive feature, which tailors transmission rate to parametric
activity, can provide further improvements in channel usage.
This additional improvement may be seen by considering the
large variability in parametor activity that occurs when
reporting rainfall data over» a large area. As an example,
consider the reporting perfo mance from a field of 500 random
reporting transmitters distributed in a uniform grid through-
out a storm area. A storm area in the Ohio River valley is
shown in Figure 3 as an example. [The figure is a series of
eight isohytel plots for six-hour increments taken from
National Weather Service Report, Hydrometeorological Report
#34, "Meteorology of Flood Producing Storms in the Mississippi
River Basin." The time period covered is 48-hr (0200 CST
January 20, 1937, to 0200 CST January 22, 1937)] . Each

remote transmitter was reportina at a rate defined by the

equation in Figure ¢ and is
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:

Transmissions per hour = 0.2 + 15(AP)
where AP = incremental accumulated precipitation (in./hr!

The number of hourly transmissions from this field during
the 48-hour period is shown in Figure 4. The peak rate is
330 transmissions/hr, which is equivalent to 165 unit loads
(Figure 1). About 225 of those 330 transmissions (about 70
percent) would be received.

Individual site performance for a 1 in./hr rate of
accumulation is 15.2 reports/hr. Ten of these transmissions
would be received, giving a reporting interval of 6 min. 1In
this case, 500 stations were supported by one channel, result-

ing in one report received for every 0.16 in. of accumulated
rainfall.

I11I-9




IV. SYSTEM COMPONENTS

i SATELLITE

The Geostationary Operational Environmental Satellite
(GOES) system is an environmental data collection system

operated by the National Oceanic and Atmospheric Administration

(NOAA). Three satellites are in synchronous orbit at all
times; one each at 75°W, 105°W, and 135°W longitude. The
satellite at 105°W is considered a spare. The most familiar
product of GOES is the meteorological imagery shown each day
on local television newscasts. In addition to the three U.S.
satellites, identical satellites are supported by Japan,
European nations, and the Soviet Union. These satellites have

been operational for about 5 years.

As part of its environmental monitoring capability, NOAA
also supports a substantial communication system (Figure 5).
Two sets of uplink and downlink frequencies are used, the
first at 2034.9 (uplink) and 1694.5 MHz (downlink) for commun-
ications between the spacecraft and large receiver systems
and the second at 401.8 MHz (uplink) and 468.8 MHz (downlink)
is for communications with remote low-power transmitters.
The 468.8 MHz downlink is a narrowband command-and-control
link that is monitored for unique command words by all remote
stations equipped to receive the signal. 1In addition to
command words, a National Bureau of Standards (NBS) time code
is also transmitted on this link. The 401.8 MHz uplink
capacity is divided into about 250 1.5-KHz-wide channels,
which permits low-data-rate, low-power, remote communrication.
The remote transmitters are characterized by 13~ dB to 3- dB
antenna gains with transmission power from 5 to 40 w, respec-

tively.

SVl
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Figure 6 is a block diagram of the total GOES DCS. The

major components are

® the satellites;

e command-and-data acquisition system at Wallops
Island, Virginia, that includes:

- five receiving systems using 40- to 60-ft
diameter parabolic dish antennas,

- a redundant disk-supported computer system
that acquires and forwards received data to
the National Meteorological Center (NMC)
(one day of data is backed up at the Wallops
computers) ,

- triple redundant lines to the NMC,
- uninterruptable power sources, and

- a system by which each channel is tested at
least once per day using a test transmitter
(ten operators are scheduled to maintain the
DCS system year round) ;

e a redundant computer system at NMC that transmits
data to users either by leased line or dial-in line
(one day of backup data are stored at NMC); and

® users receive sites (not shown in Figure 6), which
are equivalent to a small-scale Wallops Island site.

Zs RANDOM REPORTING DATA COLLECTION PLATFORM (RR/DCP)

The Sutron RR/DCP is designed to collect data from various -~
types of remote sensing instruments and transmit them using the
the Geostationary Operational Environmental Satellite (GOES)
data collection system (DE€S) to a central receive site. The
Sutron RR/DCP reports data in a random reporting mode, meaning
that there is no scheduled time for each platform to report.

However, each platform bases its own transmission schedule on

an algorithm called an adaptive transmission rate algorithm.
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This algorithm uses constants supplied by the user at setup
time and actual platform data to compute a transmission rate

that changes as the platform data changes.

The Sutron RR/DCP designed for the Corps of Engineers
testing consists of a microprocessor, transmitter, instru-
mentation interface, microterminal, and power supply. These
components are discussed in the following subsections. A
listing of RR/DCP features and hardware specifications is
given in Tables 1 and 2.

2.1 Microprocessor

The Sutron RR/DCP is a microprocessor-controlled data
collection platform. The microprocessor performs the func-
tions of (1) collecting data, (2) formatting data, (3) trans-
rnitting data, (4) timing, and (5) adapting the transmission
rate to changes in data. These and related RR/DCP functions
are executed by an executive program and associated sub-
routines, which are stored in erasable programmable read-only
memory (EPROM) .

The RR/DCP is also eguipped with the RCA UT-5 operating
system ROM, which allows an operator using the microterminal
to execute RR/DCP functions separate from the executive pro-
gram. This capability allows the RR/DCP to be fully exercised
and tested. Even new programs may be written and executed

without any hardware changes using the UT-5 operating system.

The Sutron RR/DCP uses the RCA 1802 microprocessor with
3.3 kbytes memory to perform its control functions. Appendix
D gives flowcharts, memory maps, register assignments, and a
machine code listing for all RR/DCP software.

IV-5
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Table 1. RR/DCP FEATURES

Adaptive reporting rates based on local platiorm
data and user data regquirements.

36 mw average power consumption.
Compatibility with random reporting channels.
Operating system (RCA UT-5) permits wide use of

microprocessor to exercise existing programs and
write/run new ones.

Easy set up/testing using a hand held terminal with
8 digit LED display and keyboard.

A 12-bit analog-to-digital (A/D) converter with an
accuracy of +0.05 percent of full scale.

Serial digital interface to instruments such as
''"tipping bucket'' rain gauge.

Operator selection of adaptive reporting parameters:
base rate, alert rate, warning rate, alert level
threshold, warning level, slope factors.

Internal backup battery power to random access
memory (RAM) to allow off-site set up of platform.

Fool proof start-up hardware ensures that the plat-
form will operate when left at remote site.

IV-6




Table 2. HARDWARE SPECIFICATIONS

DIMENSIONS: Length 10 % in.
Width 6 in.
Height 3% in.
; WEIGHT: ca 7 1b
i
E CONTROLS : Microterminal data entry that execute
: four self-test programs
E CONNECTORS : Power and instrumentation: 12 pins
i Microterminal : 20 pins
ENCLOSURE: Environmentally sealed
POWER ca 36 mw (assuming two transmissions/hr)
REQUIREMENTS and a 10-volt transmitter, 30 watts peak
POWER SUPPLY: 12V lead-acid battery suggested
i OPERATING -25°c to 55°C (two-day thermal time
TEMPERATURE : constant with l-in. polyurethane foam
container)
TRANSMITTER: GOES DCS compatible;

standard: l0-watt transmitter with 10dB
antenna




2.2 Transmitter

The transmitter used by the RR/DCP is a l0-watt GOES
DCS compatible transmitter. A 104B, 401.8 MHz antenna is
used with the transmitter. The microprocessor controls the
transmitter in order to send a message using the format
shown in Table 3.

2.3 Instrumentation Interface

The Sutron RR/DCP is equipped with an analog data inter-
face and a serial digital data interface. The analog inter-
face is designed to convert analog signals to a 12-bit binary
word with a conversion accuracy of +0.05 percent of full
scale. The analog signals must be between 0 and 1 volt. A
l-volt reference (capable of supplying 10 ma) is available
for instrumentation. Data are read every 8 min and whenever

a transmission is made. Each analog measurement takes about
2 sec.

A serial-digital data interface is provided to accom-
modate the tipping bucket rain gauge. The serial digital in-
terface causes a counter in memory to be incremented with
each pulse on the serial digital data line.

The RR/DCP can accommodate either two analog data inputs
or one analog and one serial-digital data input. For the

Corps of Engineers demonstration the DCP was limited to two

parameters although additional parameters may be accommo-
dated.




Table 3. TRANSMISSION TIMES AND FORMATS

Function Time (sec) Format
Carrier @.50
Clock 0.48 48 bits 1-0 pattern
MLS 0.15 15 bits
ID 0.31 31 bits (unique platform identifier)
Data 0.32 Byte 1 X1 B5B4B3B2B1B0
Bits 0-5 Parameter 2
Byte 2 X1 By By By B.B.B,
Bits 6-11 Parameter 2
Byte 3 X1 B5B4B382B1B0
Bits 0-5 Parameter 1
Byte 4 X1 B, 1B10BgBgB-B¢
Bits 6-11 Parameter 1
X indicates odd parity
EOT 0.08 8 bits EOT character
TOTAL 1.84

Iv-9




2.4 Microterminal

The microterminal is the control device used to set up
and test the RR/DCP. It is a hand-helcd terminal with an
eight digit LED display and 23 keys. Instructions are enter-

ed through the keyboard to run test programs, examine memory, 1
and enter platform constants. The eight-digit display is

used to display data and test results. The microterminal is
programmed to operate both with hexadecimal (HEX) numbers ;
and with decimal numbers.

2.5 Power Supply

The RR/DCP power supply utilizes a 12-volt battery and
delivers a maximum of 0.5 amps at 6.1 volts to the logic
section. The RR/DCP power consumption is shown in Table 4.
Since the average power consumption is about 36 mw, a 10
amp-hr, 12-volt battery would last 90 days, and a 40 amp-hr,
12-volt battery would last 360 days. Therefore, in most

applications no solar panels are required. The power supply
has over voltage and reverse voltage protection so that a

fuse will blow when output voltage is greater than 7 volts

or when power is applied in reverse.

3. INSTALLATION

There are several steps to the installation of the
RR/DCP: instrumentation must be selected and interfaced to
» the platform, values must be selected to control the adaptive
| transmission rate algorithm and entered into the platform,
and the platform should be tested. This section gives details
on these steps. A sample setup test sheet is shown in Figure 7.

IV-10
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Table 4. RR/DCP POWER CONSUMPTION

Function

Duty Cycle

Average Consumption

Current (ma)

Power (mw)

Data Acquisition 20 ma for 4-sec every 8 min 017 2
Transmission 2.0 amp for 1.86-~sec every 2.1 26
twice per hour 30 min
(1 unit load)
Continuous Microprocessor calculating 0.7 8
at slow rate
TOTAL n3.0 36
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Date: Operator:

Location:

HEX ENTRIES — PROCEDURES 1

ADDRESS CONTENTS SETUP DESCRIPTION
l 8C62 ‘ 31 Bit ID Code
i 8C63 ¥
8C64 "
8C65 5
8cs2 00 FDC Precip.
; 01 Bucket

DECIMAL ENTRIES — PROCEDURES 2

ADDRESS CONTENTS SETUP DESCRIPTION

8C36 Base Transmission Rate x
100 (Trans/hr x 100)

8C38 Alert Transmission Rate x
100 (Trans/hr x 100)

8C3A Flood Transmission Rate x
100 (Trans/hr x 100)

8C3C Number 0-100 dependent on
stream

8C3E Precip. Multiplier

8ca0 Alert Level x 100 {ft x 100)

8C42 Flood Level x 100 (ft x 100)

8c2c : Current Stage x 100 (ft x 100)

8C32 Current Precip. Level x 100

{ (il’l. X 100)

Figure 7. RR/DCP CHECK-OUT SHEET
Iv-12




TESTING/CALIBRATING PROGRAMS

168%pP
1708P

1788p

1808P
1583p

8C28
8C2A

8C2C
8C32

8C46
8c48

Minimum Stage Level

Minimum Precip. Level; if ““1"* Appears
Bucket Is Selected

Current Stage

Current Precip.

Transmits Values at 8C66

RF FWD
RF REF

Figure 7. RR/DCP CHECK-OUT SHEET (Cont’d)
IV-13
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3.1 Instrumentation

The instrumentation is connected to the RR/DCP through
the J5 connector mounted on the side of the DCP enclosure.
Pin assignments for J5 are given in Table 5. ’

A voltage of 0 to 1 volt on Pin E gives an internal
reading of 0 to 4000 for Parameter 1; the same voltage on ‘
Pin J gives an internal reading of 0-1000 for Parcmeter 2.
The l-volt reference on Pins F and K is supplied as an inter-
face between the DCP and a variety of sensors.

When the system is used to monitor river stage and pre-
cipitation levels, Parameter 1 is best suited for the stage
and Parameter 2 is best suited for precipitation. In this
configuration, the 0 to 4000 internal range of Parameter 1
corresponds to river stages of 0 to 40.00 ft with a resolu-
tion of 0.01 ft. Similarly, the 0-1000 internal range of
Parameter 2 corresponds to precipitation of 0 to 10.00 in.
with a resolution of 0.01 ih.

The reference voltage supplied to the output connector is
used internally as full-scale reference; therefore, it should
also be used as the external instrumentation full-scale
reference voltage. All internal measurements are scaled to this
reference. Figure 8 shows a typical setup using a potentio-

metric sensor and one with a YSI linear thermister network.

The serial-digital interface can be used instead of the
analog interface for Parameter 2. This interface counts the
pulses on Pin D, the tipping bucket line. Figure 9 shows its
connection to a tipping bucket rain gauge.

The RR/DCP is designed to calibrate instruments with

which it interfaces. Since the position of a potentiometer is

Iv-14




1 Table 5. PIN ASSIGNMENTS FOR J5 CONNECTOR

PIN FUNCTION

+12 volts - Battery (+) 4
no connection

power common-battery (-)

tipping bucket line

B 2 0 m

Va (0-1 volt) analog input for parameter 1

Vref (+1 volt 10ma) instrument reference voltage
instrument common

VB(O—l volt) analog input for parameter 2 i

Vref (+1 volt 10ma) instrument reference voltage

instrument common

no connection

2 =2 B H G KN =

no connection

it e e el D Mol G
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Viet O~ o
vrof
Va
Va
INS. COMMON
INS. ’1
= COMMON

A. POTENTIOMETRIC SENSOR B. LINEAR THERMISTER NETWORK

Figure 8. TYPICAL INSTRUMENTATION SETUP

? TIPPING BUCKET LINE

—_—— -\- ~ ~ TIPPING BUCKET LEVER

- . INS. COMMON

Figure 9. SERIAL-DIGITAL INTERFACE CONNECTION
TO TIPPING BUCKET RAIN GUAGE
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probably unknown when it is attached to the RR/DCP, calibration
becomes necessary. The potentiometer must be aligned so that

its full-scale operation corresponds to the full-scale RR/DCP
reading range. The RR/DCP assists in this alignment process by
accepting an operator input of the current potentiometer value
and then computing the minimum real-world value it will read
(i.e., the value at V=0). 1If this value is different from the
desired minimum of the instrument, adjustments are necessary.

In the case of a stage monitor with float, pully, and wheel, the
wheel must be rotated and the test performed again until the
minimum value desired is achieved. The actual minimum of the
instrument does not need to be zero.

In the case of non-zero minimum, the RR/DCP will continue
to transmit its reading ranging from 0-4000 and 0-1000, but the
minimum value must be added to the transmitted value to determine
the actual level. For example, if the minimum were 50 (00.50 ft)
and the transmitted value were 1000 (10.00 ft), the actual stage
would be 1050 (10.50 ft).

3.2 Rate Selection

The operator controls the adaptive transmission rate
algorithms by selecting values to enter at set up time. Values
are required at set-up time for the base transmission rate, alert
transmission rate, warning transmission rate, alert level, warn-
ing level, and slope factors. The rate at which data are trans- .
mitted depends on the values for these rates and levels and the
measurements the RR/DCP makes of its instrumentation. The

following discussion presents the procedures used to select

values for the RR/DCP. A discussion of how to enter the values
into the RR/DCP is given in Section 3.3.




Equations 4 and 5 are simplified versions of the trans-
mission rate calculation equations.

Rate 1 = R, + A|Aa| (Eq. 4)
i=1],3.
Rate 2 = R, + B|AB| (Eq. 5)
where Rate 1, Rate Z = transmission/hr(T/hr) for para-

meters 1 and 2,

g . parameter 1 (i.e., stéges)

B = parameter 2 (i.e., precipitation)

Ry = base transmission rate (T/hr),

R2 = alert tr&nsmission rate (T/hr),

R, = warning transmission rate (T/hr),

A,B = slope factors,

Ao = change in.o*/hr (based on 16-min sample), and
AB = change in f*/hr (based on 8-min sample).

*Hourly change in alpha and beta.
and '
R, = Ry if o is below the alert level

R, = R2 if a is below the warning level

o)
Il

R3 if o is above the warning level

Figure 10 illustrates the rate calculations of the DCP
in instances in which the river stage is Parameter 1. The
three curves correspond to a being below the alert level, g

being below the warning level and a being at or above the




TRANSMISSIONS PER HOUR

100

0.1

1 s | 1 1 R = 1 1 |
00 02 04 06 08 10 12 14 16 18 20

STAGE RATE OF CHANGE (ft/hr)

Figure 10. TRANSMISSION RATE ADAPTS TO PARAMETER
VARIATIONS
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warning level. Slope Factor A is the same in each of the
three plots. The curves illustrate how the transmission rate
is a function of the rate of change of Parameter 1 as well as
its absolute level. 4

A single DCS channel is limited in the number of mes-
sages it can receive each hour. The system capacity is 300
unit loads, each unit load being two transmissions per hour.
Therefore, each platform will use a portion of the system
capacity that depends.dn its transmission rate. Since the
values Rl’ R2, R3, Alert level, Warning level, and Scale
Factors A and B determine the rate at which data are trans-
mitted from the platform, they must be chosen so that the
platform's use of the system capacity or the load on the
system is definable and controllable.

For routine data collection programs, each platform will
1 will be
.25, which means that the RR/DCP will make at a minimum 0.25

transmissions per hour or one transmission every 4 hr. When
y

be a unit loa’ on the system and a good choice for R

data are changing very slowly this -Jow data rate is satisfac-
tory. With this lowbase rate, the RR/DCP is capable of sub-
stantial transmission rate increases, even to 15 transmissions
per hour without exceeding, on average, the unit load of two

transmissions per hour.

The Slope Factor A determines just how much the trans-
mission rate is increased as the parameters change. The first
step in determining the propar value for A, then, is to
estimate the expected hourly variation for the parameter.
This value can be a estimated or calculated. Hydrographs,
such as those shown in Figure 11, can be used in the estima-~-

tion.
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Scale factor can then be determined either algebraically
or graphically. The equation for the algebraic method is |

LF = 7.5/int [15/(R +A"|8a|-16/60)] , |

which defines the Scale Factor A in terms of the base rate
Rl[ the expected hourly variation Ao and the load factor LF.
This equation cannot be solved exactly for A; however, it
can be solved iteratively by selecting successive values for
A until LF=1 (or whatever the desired load is). Figure 12 is
a graph of the above equation with R1=0‘ To determine A
graphically, it is necessary to find the intersection of the
lines that define Aa and LF=1—Rl (or 2—Rl if the desired load
1 2 3 .
is 2) and read the value of A. For example, if Ac=0.20 ft/hr
and Rl is 0.25, LF=0.88 and the slope factor would be approxi-
mately 34. Slope Factor B is selected in the same manner.

The alert and flood transmission rates, R, and R3, give
substantially increased transmissions as thresholds are exceeded.
If the thresholds are exceeded frequently, R, or R3 should be
used in the load analysis to select Scale Factor A rather than
Ryj. When R, and R3 are large, they should be selected after
consulting Figure_i3. This figure shows the correlation he-
tween the selected transmission rate and the actual transmis-
sion rate; the actual transmission rate is always larger than ;

the selected transmission rate.

3.3 Set Up Testing i

The microterminal is the primary device used to set up

Sireadas,

and test RR/DCP. The DCP cover is removed to connect the

o
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Figure 13. COMPARISON OF SELECTED RATE AND ACTUAL RATE
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OOOOOOO ™

100

120
209

210
F7.4/)

LOFAK

ROUTINE TO SOLUE LOAD FACTOR
EQUATION FOR GOES RRDCS.

RMC & TDB 6 MARCH 1979

XFM=9989.

ACCEPT "LOAD FACTOR: *,XLF
ACCEPT *BASE RATE! *,R1
ACCEPT “RATE OF CHANGE: *+DA

Li=0

AB=0.

DO 120 K=31,2

AS=10.%x(2.-K)

DO 100 I-0,8

AT=AB+ASX]
JeINT(1S./(R1+ATXABS(DA)X16.760.))
IF(J.EG.9)GO TO 100

CLF=?.5/J

DLF=CLF=-XLF
IF(ABS(DLF).LT.ABS(XFM))LI=1I
IF(ABS(DLF).LT.ABS(XFM))XFM=DLF
CONTINUE

IF(LI.EQ.Q)GO TO 2@
IF(XFM.EQ.8)GO TO 209
IF(XFM.GT.Q)LI=LI~-¢
AB«AB+LIXAS

LI=0

CONTINUE

WRITE(10,210)AB,XFM
FORMAT (/" A= ,FB,2," $7

STOP
END
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microterminal, which can be used to perform the following
functions:

e enter and display HEX number,

® enter and display decimal number;

[ calibrate a,

° calibrate B8,

[ acquire data, -

® transmit data, and

[ measure forward radio frequency (RF) power and

reflected RF power.

A sample checkout sheet for the RR/DCP and the procedures used
to exercise the RR/DCP functions are presented in Appendix D.

Once the constants are entered into the RR/DCP and the
instrumenfs are calibrated, the DCP is ready to run. Opera-
tion of the DCP can be initiated by removal of the micro-
terminal or by removal and reapplication of power with the
microterminal removed. Either way, the RR/DCP will begin to

operate and will send its first transmission within 2 min.

4. DEMODULATOR/BIT SYNCHRONIZER

The key to the operation of a random reporting system is -
E | the reduction of the transmitted message overhead time required
to transfer one message word. Before now, the GOES DCS message

structure has been:

5 sec unmodulated carrier (carrier acquisition),
2.5 sec alternating 1's and 0's (bit synchronization),

LV=25
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0.15 sec frame synch word, (MLS sequence),

0.31 sec 31 bits of station 1dent1f1catlon, data (ASCII
at 100 bits/sec),

>.32 sec 3 EOT words,

— —

8.04 sec total message overhead time.

The data part of the message will require 0.12 to 20 sec
depending on whether stored data techniques are used at the
remote site. By far the largest portion of message overhead
is in the unmodulated carrier and 1's and 0's pattern used
by the demodulator to acquire carrier and bit synchroniza-
tion. Therefore, it appears that the message length could be
most readily reduced by decreasing those times. An increase
in the data rate would alsobe an effective method for increas-
ing efficiency when longer message lengths are required. Mes-
sage length might be slightly decreased by eliminating the
ASCII format and reworking the ID, MLS, and EOT formats.

In this effort, Sutron concentrated on applying new

demodulator techniques to the reduction of carrier acquisi-

tion time and bit synchronization time. Sutron developed an
approach that reduced both of these times; carrier time and
bit synchronization time were each reduced to 0.5 sec.

A functional block diagram of demodulator carrier acqui-
sition is shown in Figure 14. New circuitry was added to a
standard phase-lock loop with a ramp search function. (This
circuit approach is currently used in existing GOES DCS
demodulators.) In this case the ramp search function* has
been replaced by a circuit that measures the frequency dif-

ference between the voltage-controlled crystal oscillator

*Described in Phaselock Techniques, Floyd Gardner, John
Wiley and Sons, 1966, New York, New York.
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(VCX0) and the incoming signal. Prior to frequency lock, the
predominant signal that is used to drive the VCXO originates
from the frequency difference detection circuit. When the
two frequencies are close (within the response time of the
phase-locked loop filter) the phase error signal (shown as

an exclusive or, (¥), gate) is the primary VCXO driver.

When no signal is present, the circuit acts on the
noise that passes through the filter. The noise frequency is
evenly distributed about the center of the filter so that the
VCXO slowly varies around the center of the band. This fea-
ture reduces the frequency search area by a factor of 2. The
error signal sign and magnitude is directly proportional to
the frequency difference so that as the difference becomes
small, the error signal decreases, which in turn decreases
the rate of closing of the VCXO and signal. The equations
developed for previous ramp search circuit configurations
still apply; however, they are significant only when the
phase lock loop is approaching frequency and phase synch-
ronization.

The basic concept employed is the séparation of circuit
functions that operate independently on each pertinent infor-
mation set available. This same concept is further employed
in the bit synchronization circuitry.

Data are encoded at each remote transmitter in a biphase
format. The code is generated by digitally multiplying ex-
clusive data with 100-Hz data clock. The generation of this
code is shown in the top part of Figure 15, while the lower
part of the figure shows the integral of the biphase result-
ant and data that are in perfect bit synchronization over
one clock period. The integral of Bg is zero at the end of
each clock period.

P —————
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DATA © CLOCK——BIPHASE

JT BIPHASE
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DATA
% 74

CLOCK INFORMATION IS PRESENT EACH SYMBOL TIME.

BIPHASE GENERATION

T
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1
-; THRESHOLD

NV

- CLOCK ERROR DATA DECISIONS ARE BASED ON ONE SYMBOL TIME. b

Figure 15. BIPHASE DATA GENERATION AND DEMODULATION
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Figure 16 is an illustration of the generation of an

error signal by a clock that is lagging the remote transmitter
clock which is generating the biphase data. The error causes

a non-zero answer from the integral at the end of the bit peri-
od. The value of this error voltage is'prOportional to the
degree of phase desynchronization. This integral can only have
non-zero value when there is a data transition. The polarity

of this lack of phase synchronization is determined by com-
bining the output of the data integral and Bg integral.

Since a key assumption is that the clock frequency is 1

known, the unknown to be resolved is phase synchronization.

Another assumption is that if phase synchronization can be
made over three bit periods, a coherent signal is present.
Current remote transmitter ﬁpecifications require +0.1 per-
cent accuracy on the 100-Hz data clock. Since this data clock
already must be generated by a crystal oscillator, it is
recommended that either (a) the clock frequency be derived
from the transmitter oscillator so that at the demodulator
once frequency synchronization occurs, then the VCXO can pro-
vide the matching data or (b) that the specifications be
modified to require data clock frequency to be accurate to
within +.01 percent. The latter method is more easily accom-
plished since 0.01 percent accurate crystal oscillators are
common .

Figure 17 is a functional block diagram of the demodu-
lator bit synchronizer and data decoder. The new element is -
the digital phase shifter, which is proportionally driven by
the Bg integral error signal. Previous designs use a digit-
ally sfepped VCXO, an approach that produces less than opti-
mum clock acquisition and tracking performance because the

phase is unknown rather than the frequency.
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The application of these techniques has led to the message

size of 1.86 sec. It is composed of the following:

0.5 sec carrier only

0.5 sec alternating 1l's and 0's (bit synchronization)
0.15 sec frame synchronization word

0.31 sec 31 bits of station 1dent1f1cat10n data (ASCII

at 100 bits/sec)
0.32 sec data
0.08 sec EOT word A

1.86 sec total message and overhead

The data block of 32 bits is composed of four 8-bit bytes.

Each byte has six data bits, one parity bit, and one control
bit. Two parameters of 12-bit resolution are transmitted. This
message was designed for system demonstration, but other mes-
sages of various configurations could be used.

i it 0 i
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V. ERROR DETECTION AND CORRECTION

Each bit decision i.e., the decision whether the symbol
period contains a 1 or 0 is made over one-clock period only.
The energy is integrated over the entire period and a 1 or 0
decision is made based on the value of the integral. Figure
16 graphically shows the_ development of that integral which
is identified by the 4 data terminology. The value of
that integral also shows the likelihood or probability that
a correct decision was made. By observing the output of that
circuit on an oscilloscope, one can assess the quality of
the message. Assigning value equal to the integral value to
that bit in addition to the one/zero symbol would add a
quality indicator to each bit which would point to message
areas that would have a high. probability of error.

Each data byte also includes an odd parity bit plus a
bit which is always a one. Checking these bits is also an
error indicator.

Probably one of the best overall indicators is to compare
the received parameter value with that received in previous
messages. coupled with an expected parameter change over the
given timé period. Expected parameter change could be derived
from known situation configurations and data derived from in-
terstation relationships, e.g., a station located upstream or
downstream from the station in question.

Further improvements in error detection/correction can
only be attained through the addition of information to the
transmitted message. This can take the form of additional
parity data which could be used to correct single bit errors

per 64-bit block or of convolutionally encoding transmitted
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data so thaé bit decisions couid be spread over greater than one
clock period. Operating a decoder (such as that offered by
Linkabit Corp.) uses an integration length of 7-clock periods and
a code rate of 2, i.e., two bits are transmitted for every data
bit. This has the disadvantage of requiring twice as much data
to be transmitted (3 dB data rate loss) but since error correc-
tion can be made, there is a design gain of 4.6 AB in equivalent
signal-to-noise performance for a net gain of 1.6 dB.

Automatic monitoring of signal quality indicators such as
the bit decision integral can be used to operate a directed
maintenance program which may significantly alleviate the problem
of data loss caused by malfunctioning remote sites. :

ey e AR S S ST




VI. RANDOM REPORTING TEST DEMONSTRATION

The culmination of the Sutron design and development of a
random reporting data collection system was a demonstration of
the reception of data from the equivalent of at least 200 remote
sites transmitting twice an hour. This demonstration was per-
formed in conjunction with the New England Division of the U.S.
Army Corps of Engineers GOES DCS downlink at Waltham, Massachu-
setts. The receiving dish size was 15 feet; the preamp had a
280°K noise temperature; and the phase-~lock receiver was designed
by FG Engineering, Inc. The probability of successful reception
of a single message was 0.684 (i.e., the probability of failing
to receive one message would be 0.316; this would provide a
probability of 0.90 of receiving data from a given station in
1 hr if the remote unit transmitted twice an hour). Three trans-

- mitters were programmed to randomly transmit 160 times an hour

with a 1.86-sec message. The theoretical probability of success-
fully receiving each transmitted message is calculated to be
0.69. Before each remote station transmission, a counter was
incremented once and transmitted as the precipitation reading

so that the number of transmissions from each remote unit was
known. A sample of the received data is shown in Table 5. In
total, about 8,000 messages were transmitted over a 2-day test
period. An hdurly summary of these data is presented in Appen-
dix E.

Two data periods - 0700 to 0803 on 12/7/78 and 0610 to 0730
on 12/8/78 - were closely analyzed. Summary data on the 12/7
period is shown in Table 6. Of the 386 transmissions sent, 287,
or 74.4 percent, were successfully received. Figure 18 is a

plot of 10-min groupings of performance during the 8 December
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Table 6. SUMMARY DATA TAKEN ON 7 DECEMBER 1978
Transmitter Peananlaslong Number Percent
Identification = RN Ge Received Received
995C575E 137 ' 87 0.635
995C574E Rigas - 103 0.844
995C571E 127 97 0.764
Composite 386 287 0.744 .
. : . H
Theoretical Probability (from Egq. 1): :
-2tm .
e v » (Eq. 1)
B v | B
et
M=3;
t = 1.86; and |
3767 : | :
T = —— = 9.76 sec for three sites or 29.28 for one site!
386 : I
-{2) (3) (1.886) e-0.381 - 0.683
p 29.28
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period. Summary calculations for this period are made in Table 7.
Theoretical calculations indicated that 68.9 percent of data
should have been received, and 68.3 percent of the data were re-
ceived during this experiment period. Thus, theory and experi-

mental results are in very close agreement.




Table 7. THEORETICAL COMPUTATIONS (FROM EQ. 1)

-2tM |
T : .
t = 1.86 sec
T & 80x60 sec
‘system 476 transmissions v10 ‘sec
Tunit = 30 sec
M= 3
-(2) (1.86) (3) ol j
- = e 0372 _ ¢ 689
P = |
8 I
Ps (theoretical) = 0.69
325
Ps (experimental) = — = 0.683
" 476

Two practical phenomena were observed but did not seem to
significantly impact the overall results.

(1) The effective message length is expected to be
slightly less than 1.86 sec since frequency acqui-
sition takes place in less than the allotted 0.5
sec and lost EOTs are not seen. Tg¢fe = 1.7 sec +
Pg = 0.71. This may be affected somewhat by the
release time of the demod ; and .

(2) transmitter 3E was at times over ridden by 5E or
4E which had stronger power output.
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VII. SUMMARY

The demoﬁstration of random reporting showed that the
probability equations used to describe system performance are
credible; experimental and theoretical results were virtually
identical. Any further improvements in reducing the message
length can be calculated.from the theoretical equations given.

The addition of adaptive capability to the remote platform
permits tailoring of data throughput to parametric activity.
This tailoring results in improved communication channel usage
as well as in improved response time to events of interest.

This response time, i.e., time to receipt of data, may be as
short as a few minutes. Total channel performance given in
Figures 5 and 6 show the relative safety in determining remote
site reporting rate algorithm coefficients. Even if the average
reporting rate is somewhat higher than expectcd, no disaster will
befall the channel performance; only slow degradation will take
place.

The performance achieved exceeds that required in the modi-
fied statement of work, i.e., from a field of 240 stations
operating at two transmissions per hour, the probability of
message reception in any given hour for a single station will
be 90 percent. This was demonstrated by an eguivalent system |

, configuration. An experimental value of probability of failure |
i of one message was 0.316, which gives a probability of failure
from the reception of any two messages to be (.316)2 or 10 per-
cent, the resultant probability of success to be 90 percent.

E Better channel performance can be achieved by defining the ;
| observed throughput in terms of average throughput per trans- 3

mitter. 1In this case, about 325 transmitters could be accommo-
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3dated per channel, transmitting at an average rate of two trans-
missions per hour. '

Development of adaptive random reportithoperation resulted
in a remote transmitter which has considerably reduced parts
count (19 small-scale integrated circuit packages and 10 large-
scale integrated circuit (IC) packages, total circuit board area
required is about 120-in.2 - previous implementation required
abcut 78 IC's and 240 iq.z of circuit board area) and reduced
power consumption. Power consumption required by self-timed
units is about 250 milliwatts and for the random reporting unit
reporting twice per hour is about 36 milliwatts - a4sevenfold
improvement. Power consumption to one-half this value is reason-

able to expect with some further development.
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APPENDIX A

DISCUSSION OF ADAPTIVE RANDOM REPORTING

The equation that describes adaptive random reporting system
performance was derived in the Computer Sciences Corporation¥*
(CSC) study done for the National Aeronautics and Space Admini-
stration (NASA) LANDSAT Data Collection System. It takes into

account spectral as well as time dispersion. Since Sutron is

considering only one-channel operation, time dispersion is of
interest. If more than one demodulator is operated on a channel,
it would be feasible to consider increasing channel capacity by
spectral, dispersion. However, this can only be accomplished if
some improvement can be made in the modulation technique to re-

duce spectral splatter caused by binary phase modulation.

If one data collection platform (DCP) is transmitting, there
is a finite probability that a second DCP transmission may in-
terfere with the first. If there is no relationship between the

two transmission times, the probability of failure is**

_ 2K
Pfl e
and
2t
Pfl = 1 T

* ERTS-A Data Collection System Description, prepared for NASA
Goddard Space Flight Center, Contract No. NAS-5-11242, Computer
Sciences Corporation.

*rEDIA .




t = transmission time and

T = remote transmitter off time.

The probability of no interference from M DCPs is

P = (Pf )M probability of successful reception
sm 1 in a field of M interferers

where

Psm = probability of successful reception
in a field of M interferers and

M = the number of interfering transmissions.
The probability of being interfered with by M DCPs is

P, =1-P = 1-(Pfl)M = 1-

5"
fm sm i

where

Vo ™ the probability of failure in a field
m .
of M interferers.

If one DCP tries to transmit n times during the observation period,
then

3 B o - 2t M, n
Pop = {1~ (1 - 57}
Now from series expansion, where a = %E,
2 3
Q- =1 -+ oM -1 - (M-2).




If M is large, then

2
(l-a)M=l-aM+°‘2M -"‘3“" o

which is the same expansion as e_aM. Now substituting back

i 3-2tM)n

R T .

fm ~
As can be seen, the object of this exercise is to develop a
manageable equation that is generally applicable. Since it is
possible to select the observation period (unlike a polar
orbiting satellite), we need go no further with the development
of the equation. Now the probability of successfully receiving
a single message is (m suffix dropped)

Ps

d = Pf

orxr

2tM, n

Ps l-(1—3——ﬁ—)

where
Ps is the probability of successfully receiving a
transmission in a given observation tiwe,

n is the number of transmission tries in the
observation time,

t is the length of each transmission,
T is the time interval between transmissions, and

M is the number of transmitters operating in the
channel of interest.

The following two curves are different presentations of this

equation. A few example calculations for Figure 1 are:
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NUMBER OF TRANSMISSIONS PER HOUR PER UNIT “n"”

() = LOCUS OF OPTIMUM “n"
M = NUMBER OF UNITS PER CHANNEL

[ ‘ Figure 1
. Plot of Ps = (1 - e
' .
‘ ¢ n = variable -7
s M = variable 30-100
i t = 4 sec
I T = 3600 sec/n
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-2tM, n
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i

M = 100 T = 3600/2 = 1800
-(2x4x100) - 1800, 2
Ps = 1 -~ (1 - e )
v he L a2 Ly a8t
2
-1 = (.36)° w1~ .128 ]
3
Ps = .872
Example 2: n = 3 t =4
M = 50 T = 3600/3 = 1200
" ps =1 - (1 - o (2x4x50) ~1200,3 f
R R L SR L
=1 - §.283)° = 1 -~ .023
Ps = ,977

For a fixed regime random reporting system this curve suggests
that for a maximum throughput about three transmissions per window
are required but, if slightly lower throughput is permissible by

1l or 2 percent, then power consumption can be reduced by about

30 percent. If too many messages are transmitted, throughput can
actually decrease, but not sharply.

Figure 2 uses the probability of failure of a single message
as a performance index for a fixed regime random reporting system.
These curves can be read several ways. First, select a desired
Pf and read up to the number of permissible stations reporting a
four-second message three times per hour; e.g., if Pf1 = ,5;
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Number of Message Completions
Per Hour for Random
Reporting System
M
5
¢ :
. g
= 180 2
® 210t &
b =
& 180+ 170 5
4 3
g 170t F B f.’,
b B
o 150— e 8
o, 3]
& —140 @
o .
. 130 C
8 130 @
o 110 a
3 s
@ 90—t 5
b "
—-110 o
10—+
g 7 :
RS 100 2
=
- —4 A + — :
v s .3 (95%).4 (90%).5 (80%).6 (70%).7 .8
p(£)!
Probability of loss of any single message
' number of reporting stations
5 SN, -~ number of messages completed 3
| Message length = 4 sec () = (Pf)
i he

Figure 2. RANDOM REPORTING DCS SYSTEM THROUGHPUT
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M = 100, number of completed messages = 150, and if M is selected
as 150, Pf1 = .68, and the number of completed messages is 160.
Two calculation examples are:

Example 1:

Pfl 25 e 3—2tM/T

e 2tM/T _ 4 psf

-2tM
'—;F— 1n (l Pfl)

L

H=5F (i Pf,)

for PE. = 5, & = 4, T 1200

In . (.5)

_-;%gg ~150 (1n .5)

M= -1n (-.69) = 104

If a large number of transmission samples are made then the total
number of received messages for a sample period is the total
number of messages transmitted times the probability of successful

reception. For this case:

Np = (.5) (104) (3) = 156
Example 2:
M= 150, t = 4, T = 1200
Pfl - e—ZtM/T % 5= e—(2x4x250) - 1200
Pfl =1~ .368 = .632

e
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Total messages NR = (1 - .632) (150 x 3)

Np = 166
These numbers approximately agree with those picked from the

curves. |

Figure 3 shows the cumulative probability of reception of a
single DCP operating in a fixed regime three messages per hour
mode. For a system with 104 DCPs operating on a channel where
Pfl = .5, 50 percent of each group of 10 messages will have 5 or
more completed messages, and also 10 percent of each group of
10 will have 7 or more and 90 percent will have 3 or more messages
compiete, or otherwise stated there is about a 90 percent change
of receiving one of three transmissions. From these three curves,
the nature of any fixed regime random reporting design can be

determined by manipulating the exponential coefficient 2;M. For

example, the coefficient will be identical if t is multiplied by
one~half and M multiplied by two.

To verify that this equation is correct a hypothetical fixed

regime system was modeled using computer generated random numbers.

The characteristic equation for the random reporting system
is:

= 4
Ps . M | I 2tM/T)n

Although this equation accurately describes system performance,

an actual model of the system performance would provide better

evidence that it does work.

| The system design gives the following calculated values
when M = 130, Ps = 0,927
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Figure 3. CUMULATIVE PROBABILITY FOR RECEPTION > N
IN 10 TRIES FOR A SINGLE DCP :




n= 2, P = 0.27 Observation Time
f£1 = 1% hour
= 2700 sec, Pfs = 0.073
t = 3.4 sec, Pf3 = 0.0188

The approach is to generate random transmission intervals with
an average value of 2700 seconds. Since it is inconvenient to
calculate values for 130 stations, the duty cycle will be
increased by a factor of 10 and the number of stations decreased
by a factor of 10 to 13. The average value of T will then be
270. The exponential value will remain the same. Table 1 was
developed for 13 stations which would transmit 13 times. Each
station's initial transmissionwould occur randomly during the
first 270 seconds based on the fact that each unit is independ-
ently activated. After start up, intervals were generated by
adding 243 seconds and a randomly generated number between 0 and
54 seconds. Each successive interval was added to a running
total to arrive at transmission times.

T = 270 NR

(initial)
(intervals) 243 + 54 NR

The random number, NR, has a value of 0 to 1.

Table 2 is a summary of transmission times generated using
this technique for 13 stations. Interference between two trans-
missions was judged to occur if transmissions were three seconds
apart and judged not to occur if they were four seconds or
greater apart.

A total of 45 transmissions were interfered with, and two
transmissions interfering twice in a row occurred ten times.
Dividing these numbers by the number of possible transmissions
gives:

pf. = 0.266, Pf, = 0.064, Pf3 = 0.019.

1 2




No.
Failed
Transmissions

Table 1. RANDOM TRANSMISSION TABLE

Transmission No.

Unit
No. 1 2 3 4 5 6 7 8 9 10 n 12 13
1 15 | 299 | 576 | 834 | 1077 | 1373 | 1623 | 1904 | 2159 | 2455 | 2736 | 3033 | 3316
X 8]
2 | na | 385 | 653 | 953 | 1243 | 1490 | 1755 | 2090 | 2292 | 2540 | 2825 | 3119 | 3375
X X % ’ X
3 |os | 438 | 722 | 998 | 1216 | 1533 | 1795 | 2061 | 2328 | 2584 | 2838 | 3084 | 3340
X !
4 166 | 433 | 691 | 938 [ 1231 {1475 | 17290 | 1982 | 2276 | 2568 | 2861 | 3118 | 3390
X i X X
5 | 243 | 535 | 790 | 1053 | 1307 | 1551 | 1847 | 2111 | 2408 | 2695 | 2942 | 3217 | 3510
X b (o} X o :
"6 | 201 | as7 | 705 | 962 [1235 | 1483 | 1757 | 2002 | 2208 | 2566 | 2805 | 3105 | 3363
B o X X X x X x
7 172 | 435 | o78 | 984 | 1218 | 1465 | 1738 | 1995 | 2258 | 2514 | 2307 | 3072 | 3358
X o X
8 [ 64 [ 329 [ 57 | 845 | 1132 | 1419 | 1697 | 1964 | 2241 | 2526 | 2801 | s08¢ | 3352
X _ : |
9 | 245 | 519 | 794 | 1047 | 1200 | 1548 | 1842 | 2114 | 2350 | 2614 | 2008 | 3182 | 3448 |
X o O o o o
10 | 219 | 515 | 810 | 1056 | 1348 { 1635 | 1889 | 2181 | 2458 | 2705 | 3001 | 3255 | 3521
o 0 X ‘ 0
11 | 152 | 437 | 738 | 992 | 1284 | 1547 | 1834 | 2118 | 2366 | 2643 | 2887 | 3179 | 2475
X o 0
12 | 206 | 499 | 772 | 1058 | 1304 | 1552 | 1826 | 2103 | 2387 | 2663 [ 2017 | 3191 | 3461
X o X
13 | 221 | 506 | 754 | 1049 | 1315 | 1599 | 1872 | 2120 | 2382 | 2677 | 2973 | 3728 | 3491
(o] O
No. 4 ‘6 2 7 4 4 2 4 1 3 2 4 2
Inl\e.;if:':ud Py v 33 = 0266 /5
V169
Py, i%g = 0064

Rule: Within 3 Scc. Have Interfered
4 Scc. or Greater No Interference

x .
[0} } Denotes Transmission Interfered With
0O
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The results from the random model are extremely close to
| the calculated answers. If additional stations and a greater
number of transmissions were calculated, the number of inter-
ferences per station will be closer to calculated values.

ADAPTIVE RANDOM REPORTING

Now that a fixed regime random reporting network has been
fully described, it is fairly easy to make the jump to an adaptive
rate random reporting system if the randomness hypothesis is
maintained, i.e., even if a station transmits at a higher rate,
it is equivalent to two stations transmitting at a one-half

rate. From the previous curve, Figure 2, it can be seen that a

random reporting channel can be said to be at maximum utilization
when 160 stations are transmitting at three times an hour a four-
second message, or otherwise stated 480 messages transmitted,
one-third received, 1920 seconds total on transmitter time, for

a total approximate channel busy time of 50 percent. A more

power conservative operating region is to operate at an
equivalent 104 station load, or about 312 messages per hour ;
transmitted with 156 receptions and a 50 percent probability

of reception of each transmitted message. This channel charac-

terization would be true for any mix of DCPs which randomly

generate 312 messages of four-second length per hour.

A-12
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APPENDIX B

DEMODULATOR ENGINEERING SPECIFICATIONS

INPUT

Frequency - Pilot'tone center is at 10,000 MHz. Each
input channel is located with respect to the
g 10 MHz intermediate frequency
| Power: 0 dBm to -40 dBm

Power Supply - +5 volts at 5% tolerance
+5 volt requires .4 amps

-5 volt requires .2 amps

Performance - C:rrier acquisition time - <.5 sec with

incoming frequency within + 600 Ez of
channel center.

Bit synchronization time - <.5 sec with
¥ incoming data rate within .1% of 100 Hz
clock rate.

Signal/noise - performance dependence on
signal to noise ratio of incoming signal
not as yet established.

{ OUTPUT

3 lines presented to a serial computer port which is :
interrupt driven. )

- Line #1 - Data - positive logic

~ Line #2 - Interrupt flag - negative logic - The presentation




Line #3 -

of this flag means that both frequency and bit
synchronization are present and that data has
been clocked into the output flip-flop. The
computer has 10 milliseconds (one clock period)
to acquire this data bit. 3

Reset line negative logic after acquiring the
data bit from the data line a 10 microsecond
react pulse is required to reset the interrupt
flag.
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TABLE I. REGISTER ASSIGNMENT

INTERNAL CPU REGISTER USE FOR RR/DCP

RO -

R1 =

R2 = STACK POINTER

R(3) - PROGRAM COUNTER

R(4)* - PROGRAM COUNTER FOR CALL ROUTINE

R{5)%* - PROGRAM COUNTER FOR RETURN ROUTINE

R(6)* - POINTER TO RETURN LOCATION AND ARGUMENTS

PASSED BY THE CALLING PROGRAM

R7 - R7.1 (cycles since last transmission)
. R7.0 (transmission at current rate)

R8 -  RAM POINTER (R8.1 must be left at 8C)

RS - MULTIPLE USE

RA = " "

RB - N .

RC - 3 a

RD - . :

RE o " "

RF = " "

*NOTE:

THE STANDARD CALL~RETURN TECHNIQUE IS USED IN ALL
RR/DCP SOFTWARE.
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Table II. MEMORY MAP

MEMORY MAP - ROM

1 LOCATION USE |
0000 EXECUTIVE PROGRAM | |
0145 :
-~ 158 UTILITY ROUTINES
1F2
0200 TRANSMITTER SUBROUTINE
02C0
02c1 FREQUENCY TO DIGITAL
, g CONVERSION ROUTINE
02EB
02EC _ RANDOM # GENERATOR
. SUBROUTINE
0300
0302 ENCODE DATA FOR
) TRANSMITTER SUB.
034A
3 034D UPDATE TRANSMISSION
X RATES SUB.
3 0390 ‘
| 0393 CALCULATE STAGE RATE SUB. 1
03EE :
03F2 GENERAL CALCULATION
b SUBROUTINE

042E




Table II. MEMORY MAP (CONT.)

LOCATION USE
0431 DELAY SUBROUTINE
0444
0447 READ TIPPING BUCKET
3 INTERFACE
- SUBROUTINE
0460
0447 CONTROL INSTRUMENT
" INTERFACE
: SUBROUTINE
0488
0491 PART OF DECIMAL
s DISPLAY PROGRAM
04cl
04cC3 UTILITY ROUTINES CONT'D.
04F3
0500 DECIMAL DISPLAY
e PROGRAM
05FE
c000 RCA MATH ROM
C3FF
8000 RCA UTILITY ROM
? uTs

o 81FF

= A . e




Table II. MEMORY MAP (CONT.)

MEMORY MAP - RAM

LOCATION USE
8C00 RAM FOR UT5
8C1F
‘ 8C20 _ FREQUENCY OF SYSTEM VOLTAGE (Hz)
; 8C22 FREQUENCY OF GROUND VOLTAGE (Hz)
; 8C24 FREQUENCY OF STAGE (al) INPUT (Hz)
‘ 8C26 FREQUENCY OF PRECIP (B2) INPUT (Hz)
8C28 i STAGE (P1l) MINIMUM VALUE (Ft x 100)
8C2A + PRECIP (P2) MINIMUM VALUE (in x 100)
8cac CURRENT STAGE (P1l) (Ft x 100)
8C2E STAGE (P1l) 8 min ago (Ft x 100)
8C30 STAGE (Pl) 16 min ago (Ft x 100)
8C32 CURRENT PRECIP (P2) (in x 100) (0-4000)
8C34 PRECIP (P2) 8 min ago *in x 100) (0-1000)
8C36 Rl1, BASE TRANSMISSION RATE (T/Hr x 100)
8C38 R2, ALERT TRANSMISSION RATE (T/Hr x 100)
E v 8C3Aa R3, FLOOD TRANSMISSION RATE (T/Hr x 100)
- 8C3C A, STAGE (Pl) SLOPE FACTOR (0-1G0)
8C3E B, PRECIP (P2) SLOPE FACTOR (0-100)
8C40 ALERT LEVEL (Ft x 100)
8C42 FLOOD LEVEL (Ft x 100)
8C44 RANDOM #
8C46 TRANSMITTER RF FOREWARD POWER (v x 100)
8C48 TRANSMITTER RF REFLECTED POWER (v x 100)
8C4A CURRENT TRANSMISSION RATE
8C4B BACKUP RATE
8c4cC BACKUP RATE
8C4D RATE COMPUTED FROM P1
8C4E RATE COMPUTED FROM P2
8CAF NOT USED
8C50 R ST
8C51 TEST
£8C52 PARAMETER 2 SELECT: BUCKET OR FREQUENCY
8C53
8C54
8C55
8C56
8C57 NOT USED
8C58 NOT USED
8C59
8C5A USED AS SCRATCH PAD AND FOR BINARY

. ‘ DECIMAL CONVERSION

8C61




Table II. MEMORY MAP (CONT.)

LOCATION USE
8C62 PLATFORM ID
8C65
8C66 RAW DATA THAT WILL BE ENCODED
8C69
8C6A ENCODED DATA THAT WILL BE
. TRANSMITTED

8C6D




MO 100
0000 CO81
0010 A8F8
0020 0558
0030 0058
0040 FFFF
0050 F851
0060 SEDA
0070 0465
0080 5248
0090 9EIA4
00A0 ASF8
OOEO  498C
00CO SED4
00I0 034D
00E0  97FC
O0F0  FAQOF
7MLO0 100
0100 6628
0110 EB68
0120 322
0130 COOD
0140 3110
0150 FFFF
0160 FB04
0170 FB801
0180 FBO1
0190 5804
01A0 1404
OLEO 3022
01C0 FB52
0100 0173
D1E0 D404
OLF0  CO0%

w2

Table III.

O8FF
0158

F84A-

1858
FFFF
ABO8
ca24n
E365
083A

249
0058
2Cn4
0393
300C
O1R7
BRFL4

SAFE
205A
Fa00
OFFF
E3CO
FFFF
R3FB
B3F8
B3F8
0114
&aN4
Q3ES
A8F 8
F880
63014
O2FF

FEFS
18F8
ABF8
3050
FFFF
3A04
n4acs
00114
9104
BC68
USF8
C25K
2C30
FB0O
F70E
0435

92A8
0403
S8LS
404
00350
FFFF
FEA3Z
COA3
88Aa3%
JORM
O03F2
485F
8CRa
7373
03F2
FFFF

8Lk
0058
FFa8
BEEE
FFFF
F801
SR4
03F2
O3F2
n4aca
S0A8
nace
3c4an
S804
0132
1404

08CA
02114
nacs
3530
FEFF
FFFF
D3FF
O3FF
[3FF
[402
2E22
SFF8
0832
7373

FFFF

EPROM CHIP 1

FBO0
FEa4
1858
FFFF
FFFF
5504
C249

240D
[

G780
0832
SED4G
403
0431
F800
55114

Q114
000
49380
34
FFFF
Fao01l
F804
F804
Faac
C1RE
03E#
4668
EOFS
7375
Q3ES
FFFF

A7ZFE
ABF 8
1858
FFFF
FFFF
C249
8C2C
05A0
03ES

2Fa
CIFE
c249
B132
0096
B717
03F 2

0403
0604
[49F
0431
FFFF
B3IFR
BE3F8
B3F8
REFS
24
465F
E3565
S1AF
SF14
L4632
FFFF

EER7
0058
F3s68
FFFF
FFFF
8CZE
nacs
6628
&8ZA
S4A8
Q058
ac3a
343E
E8F8
0402

2422

FZ26
F853
FAOF
1004
FFFF
Y643
1643
C3n3
53A8

201
SFI4
QOCO
FHRF
a16C
cAF8
FFFF

F850;
18F8;
ABF8;
FFFF;
FFFF;
[4C%;
SROA;
2CF8;
3230;
083%2;
n4c;
D4C2;
AETI4;
A4008;
EC9F;
OFAQ

2203;
aa808;
BFLI4;
11404;
FFEFF;
N3FF;
[3FF;
D3FF;
F801;
BF39;
03F 2
0503;
EFF8;
30NE;
Z2AAM8;
FFFF




AC
CTAR00 100
0200  E365
0210 E8C4
0220 D402
0230 D402
0240 ERAF
0250 012D
0260 444N
0270 7800
0280 3084
0290 8F7E
0240 8C3A
OZEO  EEA6
02C0 D5ES
02r0  3LEO
0ZEO  F800
O2F0 44014
P3O0 100
0700 0C3S
0310 3FEF
0320 F1EF
0330  9F59
0340  O9F9
0350 043E
0360  FBAD
OF70  FB4n
0TE0  18F7
0390  DEFF
0340 3BEA
03RO  EAFS
03CO  [403
0300 BCSA
OBEQ  DS9F
04F0  FOFF

8304
C4ana
AFOO
7800
0402
8L3A
18n4
E365
8FFé&
J02F
ABF8
AEZ2E
46546
SE3A
AEAE
CO4F

PEBRY
1403
0403
9FF 4
A4030
4H0F G
nas7e
ABF
3386
FFF8
F838
3608
E144
n4ace
FE3B
p4ace

Table IV.

2AF
Q2aF
0130
2nan
7800
4C18
Q274
oons
AF3R
3C94
08AC
PEIA
ABFY
DoLF
3007

0300

Fgaa
2608
wAZI
IR37
4809
4RAB
BFF7
F733%
2FEG8
3648
ABL4
88N
A4
S205
EE?F
498C

1220
I24F
2578
3AZ2N
F861
F807
002N
08AF
F43C
7EL4
1608
ECBE
Q0AF
1E2N0
PFag
9FFA

AYEHE
7E7E
B34
1FEF
F9CO
72068
3360
7F9F
8FF7
naca
G262
446A1
GCOS3
nena
FEFF
2004

EPROM CHIP 2

E36%
7ACH
A446AT
F822
ABF8
ACTI4
8n3n
E6F8
8774
02AF
[1402
32C0
BFAE
PL3A
188F
7FBF

HHAH
7EFA
onns
2060
5919
FO28
FOoaAF
S8F8
3380
498C
gC42
n4c2
28a0
oAl
BRFQF
coz2n

98C4
3410
F808
AFTI4
03AN

276
42F8
Q00F 1
0402
0001
AF OO
I0R3
F84C
no3o
S80s
Lac?

F802
0352
Fa0o0
3632
LSFE
738F
3070
00n7
8FH8
2CN4
AHR4
41144
04C1
BCESA
FRFF
8C22

Caca
3C1C
ACF&
0278
1804
01F83
04AF
3282
AF 0O
3C9C
0130
8EAQE
ROFE
E&8E
nacs

a750

eu2e
2808
AaFFeg
8rFé
FEE®
73F8
FEAF
1830
189F
C262
F83A
ADD4
DEn4g
446AT
AFLF
n4cs

FasC;:
caca;
AAAKF;
Q0F &
276
6208
[1402;
8FFE;
013C;
7A2C;
78446;
30B3;
aFAL;
30017;
493C;
A4N0G

DBF A
FEFE;
Q6ACS
334%5;
87FF;
00A7;
FORBF;
Bo9F;
SBER;
B8C40;
AB30;
Co31:;
| S
2] a1
IHSF I
S780C




214900 100

0400
0410
0420
0430
Q440
0450
0460
Q470
0480
0490
04A0
Q04RO
Q4C0
0400
DAE0
Q40

. PME00

0500
0510
DHE0
QG300
0540
OHH0
0560
0570
NGB0
OG0
QEA0
OHRO
05C0
OHI0
QGEQ
QUFO

SCa4
ALRF
ADIL4
0044
IS05
FFan
S78C

b s L on
&L

3AR%
FF3E
3369
EFF8
oSl
20A8
LH2T
FFFF

100
F820
7388
8073
[1404
S30F
4030
SFF8
046114
048]
FRL12
CAO4
FROT
SF20
AFF8
IFSF
1836

Alil4g
ALAF
2SR
BF46
9F3A
EQ3F
680G
1402
[140%2
AgY4
3099
1073
00F 8
Coos
ZBFB
FFFF

ABKFg8
F&6Fé
72375
iF3
2FaF
272F
00n7

e
DYt § -

&4CF G
3210k
ang’z
3ARE
anxz
SAAF
nacza
F139

Table V.

caan
L4Cco
A45ATL
AF L4
3504
Shél
FFE3
C129
C128
RAF8
BAFF
1373
8CES
Q3FF
2848
FFFF

8CEe
FA&F&
F80A
61AF
1F8A
4FFE
88AD
8C5C
OLEA
SAFER
JEGF
Ba5F
CP1E
481
?F8C
Q3FF

4 \{) A I:'
480
naci
Q2aF
C249
2F8D
6528
“ong
2630
2264
2304
7373
F894
1404
co0s
FFFF

RFEF
Fe10
SFF8
IMHI2
F910
FEFE
BRI
OF 52
[404
103A
BAF R
3001
1F30
LC36
SC06
FFFF

EPROM CHIP 3

4co
SAFS
1546
0Q07
8C68
25D
402
Q2GL
8004
LCAN
nErea
Fa80
ABFB
6Hl4
Q3FF
FEFF

F8s1
73F8
aJaar
20F 6

AZB7
OEZA
FROA
BELF
1430
BRI
FIEFF

104
SCAD
ALID4
2F9F
nact
2030
AF19

QAN
s o P

0445
F332
QORBA
7373
0158
O3F2
FFFF
EREEF

AFEH
OL73
a8l

o
31.'.‘..

SAAF
OFFA

Y oAnn4

SF2F
3283
3A9E
A 8A
ALFB
8AFY
8OF8
88Al
FFFF

G257
14co
G258
3A42
ERBO1L
5362
2004
EF85e
LSFF
~a48A
neSFe
FOR
[40Q

=
ZoE

FFFF
FFFF

FAOF
FE08
4CFB
SAFE
D481
OFF1
C304
SF2F
Fé3e
1738
5F 30
SEAF
105F
SOBF
n4cs
FFFF

8C5A;
B7464i
[500;
8F3A;
DOF&;
Laca;
OZ2C1;
ARCE;
FFFFi
FF36i
b1AF;
73C0;
LFFG;
OFAQ;
FFFF;
I46FE

F?210;:
73r8;
G1EA;
2X2;
6C36i
AB3&;
8C5C;
Q2GF;
B06A;:
2787
iea;
OF2F
F8311;
OF1F;
SR18;
FFFF

i e

s A
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Table VI. RCA MATH ROM

PMEO00 100

CO00 9EAC 9FRE BERF 8FAE 9FAF 8CRF D586 ANYE;
CO10 BI1é& 1630 1946 ERD4S  ANED 9FF3 S21D 8FFS5;
CO20 AF2D F73 BFO2 FE3R 2C9F F3IFE NS46 RD4G;
CO30 ALED 2FF& S29F F3FA  80EZ F452 1IED &FF7;
040 AF2D 9F77 RFE2 FOFE 3R4E 529F F3FE DS546;
COS0 RIS ARED 9FF3 FABC RCOFY 10AC FBOO REAE;

CO&0 20C9F F&RF 8F76 AF9E  3R76 1LBC 3A79 8EF7: |
CO070 AEZD 9E77 REPC FE30 838E F4AE 2D9E 74RE;
COBC CFFO FEPE 76BE 8E76 AR3EK BF9F F980 EF8C;
CO0%0 3Ab0 9FFE 8EC7 FEFF 3A9E 9EC7 FEBFF FCFF;
COA0 DE46 RDAS ADED 9FFE F800 C7F8 FFRE AEAL;
CORO F12D FDOO 3BE7 DGPE RCBE ACFE AE9E 7ERE;
COCO 9FFE 33Ch 8C3A CE9C FR4O 3207 381E 9CFA;
CODO COFD QOFE C3C1 S69C EDF3 FELD 8E33 E&F7;
COEO0  AEZD 9E77 30ER FAAE ZI9E 74BE 9CFE CBCO;
COF0 FAZE FRFF BEBE FEFF AQELE 9EC2 C103 FE33
CZMIZLO0 100

100  SR30 S48E FCFE 3356 FEFF 3A39 9CFA 8032
110 S54F4 3356 108F FAAE ZD9F 74RBE 1IKFO F6ZLu
C120 9EC7 FCB0 REFE 9CFA  BO3A ZF3B 5430 SR3SE;
C130 B569E 3ASE 3E3Z 5430 SE9C F3FE 3314 9CFE:
C140  3BG4 1DFO 2DF6 BF3A SREYF 3330 3254 305R;
C15 FEBO 3AGE FFOO 9CEBE 8CAE DHPC EBESC AEYE;
C1460 FEF8 90C7 F850 ACBE FEAE 9E7E EE8SF FEAF;
Cl70 9F7E RF3RB 761E ENBC F3FE 1I8E 3R8Y F7AE;
C180 Z2NYE 7730 8AF4 AEZD 9E74 RBE2C S8CFA 7F3RK;
C190 941F F980 ACFA 3F3A 6733 RO38 1FF3 FE1L:
C1A0  BE33 AAF4 AEZD E74  30AF F7aE ZN9E 77RE;
CLEO 9E3A R&BE 32C1 8CFE FE9E CFFE 80FC 803E;
Ci1CO 9CFO FE3R DOSF FRBFF AF9F FRBFF BFLF FC0Q;
C1lno D546 BIAS ALED 9FFE  FREO H210 8FF4 AFZLG
CLEQ 9F74 RFO2 FE3R EAPF F3FE %86 ALP6 EBU1b;
CLFO 1630 N592 RNBZE ALLID 101D 3005 9Z2ERD 82AD ]
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Table VI. RCA MATH ROM (CONT.)

PMLRO0 100

C200 101n EZOD 7320 0073  9FSD BFID Sp20 LSan:

ek EZ273 LG22 P2BL 824D 221D 1D1D 8EZ3 9E73;
= cae on73 2oL 739C SDID  BCSD D512 9ZB0 82ALG
C230 101D 101D 101D ADRC  ORAC 2042 SDiD AZ25D;
CZ40 4ZBE 420AE 42RD 0Z2AD  DEA46 R4S AlAD RFALG
2290 AFDS 4A6RF AKAF 646 RIM6 ALSKF SDID 8FSI
C2860  1DDYS 46BD A446AD EDYF  F3FA BO3A 749F F73A;
220 77110 8FFZ 21388 E4lls 1616 D59 FEFE 34785
C280 8F32 7A30 78FF 00C8 FCOO 1292 RODBZ ADLD;
C2920 1D3E 92840 BFODN AFZN 4250 1002 SDAD DS46;
t C2A0 EA4S AMAS FFO1 ARFB8  O00AF EFOA FEOD EBE1A;
: C2BO  E20A FAQF S28F FAAF 9F7C OOBF 23EF 2B8E;
C2C0  32F0 8FFE 739F ZE73 33EDR F802 S528F FEAF; ]
Ca2no  9F7E RE33 ELOZ 3ZDC FFO1 30CE 129F FARF;
C2EQ0 33EE 128F FAAF 9F7C OOEBF 3BAF C812 1205;
C2F0  9FFC B803a FCBE BSAFC 9BFC FFDS 33FB 2B3A
L TME300 100
C300 098F FIOQ AF9F 7000 EFDES 46BA 446AA 446FF;
C310 0O1AR REF8 OFAL PFFE F80B 3EZY 8FFL QOAF:;
: C320 9F70 OOKF FB8OD CBFB8 005 8R32 321A ZB30; i
C330 27E2 9rAR BFFE AF9F Z7EEF 0A7C 009A 8L3A;
C340 4205 0A7E SAFF OA3R  4A0A Z2AZR BRIA 4233;
£350 4120 9BS2 BAF4 AAYA 7000 RAZD IZ2L3 EL26i
C360 7384 7393 R&6BI Ab46  E346 A330 SDD3 96R3;
370 BHAZ EZ1Z2 7246 FORS& 3065 0000 0000 0000;
C380 0000 0000 0000 0000  ONOO 0000 0000 0000;
G390 0000 0CU0 Q000 0000 €000 OQOQ Q00 0CO0;
C3A0 0000 0000 0000 COOD  COCHO 0000 0000 0000;
C3BO 0000 0000 000D OO0 0000 GOQO QOO0 O000;
C3CO 0000 0000 0000 0000 0000 0000 0000 0000;
C300 0000 0000 0000 Q00O 0000 0000 0000 O00C;
C3EQ0 0000 0000 0000 0000 0000 OCDO 0000 0000;
CEFO 0000 0000 0000 0000 Q00O 0000 0000 0000

¢




Table VII. RCA UT-5 ROM

CPME00 100

8000 7100 0203 0405 0607 0809 0A0E OCON OEOF;
9010 O01F8 8OR3 FBFE A3CO E&10E FBOO A794 RDF8;
G020 BOAB E222 228B %9247 FAOF FC36 ADAD EES4;
8030 BCFA 0132 3F8B FAQOF 3A44 9EFA EBF30 A58E;
8040 FAFC 323A PRS2 6304 8147 E363 FFEZ2 87FF;
8030 063R 54NDS B8RBF4 ABFA  F33A 2330 4ED4 801A;
040 365D 480 1A8C FAOL 3240 NABO N3ZE 46214,
8070 801A 94BA FB22 AALC AAF3 3283 8AFF 3633;
8080 SDI30 788A FFZ23 AAFA  FO03A 9004 809E 305In
8090 BAFA OFFC 9AAA 93EA  4AA3 FAFQ F4FE BLFA;
800 0132 ES9F FEFE FEFE K S528F F6Fé& F6F6 F1BF;
SORO BFFE FEFE FES2 8BAF1 AFF8 00A7 9FFé& FéF64;
80C0 F657 179F FAOF 5717 BFF6é6 F&F6 F657 178F;
800 FAOF 574F AEZ2F FB0A A78E FéF&6 FéFE S717;
80E0  BEFA OF57 DSSE FEFE FEFE S28A FLAE 30D6;
OF0  9FERO BFAOC EOIO BESF  1F38 10C0O 8102 F800
MBI 100

8100  BFAF D480 E9CO 8O5L  FB0O0 E3F8 0543 Faadl:
8110 B4ARE FBE4 A4FB F4AY  F8RC BZR7 FALF ARACS
8120 203 0ABE 8081 4E40 412E 2021 1E10 1106;
8130 0304 0209 010C 447D C151 7852 4250 4050;
8140 486% Ce61 C2CA FFF8  20AD 208D 3444 [SFS;
8150 81lEI F858 A3CO B810E F800 BFAF 1FF8 80A8;
81460 D480 RBRYT4 801A 2BBB  3AL3 305C FR30 AEFS:
8170 81RI OFFA 803a 9722 228BE S20F FAQF FC36;
8180 ADL4D REOF FALO 328C 9PEFA RFRBE &49E 5243,
8190 1481 47E3 63FF E21F 8EFé AR3A 722F 2F2F;
81A0 ZFRF 2FEF 2FDS F8RC BFFR 00AF 24aF& F6F6;
81BO F&65F 1F9A FAOF SFLF  8BAF6 FAFE FASF 1F8A;
81CO0 FAOF SFIF 9RF6 FéF6 FOSF 1F9B FAQF SFLF;
GLD0  8BF& F4&F6 FSGF 1FB8B  FAOF SFF8 00AF [481;
BLEO  6CDE 003 EZ96 7386 7393 R4HBI AbAS& B3A6;
BLFO  A330 E3N3 P6K3 B6A3 EQLZ 7206 FORS 30F3

N N R P IR Oy e n——




PMENO00 100

800
8010
gCz

8C30
340
8C50
8C460
870
8e80
aceo
BCAQ
SCRO
acco
aCcno
8CEO
3CFO

0000
0000
1930
0CS6
0000
0001
0010
0000
0000
0000
0000
0000
0CO0
0000
0000
0000

0000
0000
0000
0341
Q000
0000
(o20101¢)
Q000
0000
0000
Q000
0000
0000
0000
0000
0000

Table VIII.

0CO0 0000
0000 0000
13E3 14FA
0341 0000
3009 0000
0000 0000
0000 0L
0000 0000
0000 0000
0000 0000
0000 0000
0000 00C0
0000 0000
0000 00060
0000 0000
0000 0000

0000
0000
0000
0000
0000
0000
0340
0000
0000
0000
0000
0000
0000
0000
0000
HONO

RAM

Q000
7102
QOO0
0000
nene
0340
400N
0000
0000
0000
QOO0
QOO0
Q00D
QOO
Q000
0000

QO0a0
AR0L
0CS6
0000
ncune
19230
D6F1
0000
0000
0000
0000
0000
Q0000
0000
0000
QOGO

Q000
Q4C7;
QCS4;:
Q000;
ncoo;
0000
0000;
0000;
Q000;
QGO0;
0000;
Q000
Q000;
0000
QO00;
Q000




Figure Cl CE_;E

EXECUTIVE PROGRAM

FLOWCHART
INITIALIZE
INITIALIZE
EC PROGRAM RETURNS TO THIS
1 POINT EVERY FEW MINUTES
GET FLAG 2

FLAG2=0 NO J@
2

YES

PASSES THROUGH HERE
SET FLAG TO 1 EVERY OTHER TIME

MAKE ROOM FOR RAW
DATA STAGE 2+3

’ STAGE 1+2

PRECIP 1+2

START FOR Tnh
OF MEASURE /)

-

{ COLLECT NEW DATA
STAGE 1
TURN OFF FAST

CLOCK ETC.




. Figure Cl
EXECUTIVE PROGRAM CALCULATE
FIOWCHART STAGE RATE
(CONT'D) PRECIP RATE
i' @ UPDATE
E RATES
SET FLAG2 TO 0
DELAY TO MAKE
PATHS EQUAL

RATE1 CONTAINS NUMRER QF CYCLES
RETWEEN TRANSMIS3IONS. R7.1
CONTAINS LOOVS WITHOUT TRANS-

GET J.00P COUNTER AND
INC, R7.1-RATE1

MISSIONS :
YES
R7.1-RATE1<0 EiEC
| vo

RESET LOOP COUNTER 5
INC TRANSMIT COUNTER
]
o
i
N GENERATE {
| [ 12-BIT RANDOM i 3
| =3

[ i
I RANDOM DELAY




T T—

i
[FALCULATE STAGE IN FEET

Figure Cl
EXECUTIVE PROGRAM
FLOWCHART
(CONT'D)
KO USING BUCKET
CALCULATE PRECIP LOAD ACCUMULATOR
IN FEET VALUE TO PRECIP1
EA2
0+FLACS
] YES (::_ RETURN 4/}
7
FIRST LOOP i
FLAGI=1
E | /////
1 |
i YES
0+FLAGL INITIALIZATION NECESSARY
COPY STAGE 12,3 FOR RATFE CALCULATJONS
PRECIP 1+PRECIP 2
EB2
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Figure C1

EXECUTIVE PROGRAM
FLOWCHART
(CONT'D)

CALCULATE STAGE
STORE AT TDATA

FLAG3=;\\\\\

L v i M e ik e e e el S

NO

CALCULATE PRECIP
STORE AT TDATA

EC1

FLAG4=0

YES

NO

ENCODE DATA

TRANSMIT DATA

USE UP
REMAINDER OF
RANDOM DELAY

0-FLAG4




A

DELAY 7 SEC SINCE
NO TRANS WAS MADE

il b S

EXEC

DELAY TO CREATE
4 MIN CYCLE TIME

<)

R e T epwe

Figure C1

EXECUTIVE PROGRAM-
FLOWCHART
(CONT'D)




/AD-A067 290 SUTRON CORP ARLINGTON VA F/6 17/2.1
DEMONSTRATION OF ADAPTIVE RANDOM REPORTING GOES DATA COLLECTION==ETC(U)
JAN 79 D M PREBLE DACHS'!-?B-C-UI?G
UNCLASSIFIED SCR=333=78=006

20Ee
. L
AT c e

END

DATE
FILMED

6-79

DO
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Figure C2
TRANSMITTER SUBROUTINE

Note: Transmitter program
takes encoded data at TBUF

and transmits it.

To use the program,
~ execute:

SEP CALL
»A(GXMIT)
,#06

C_ﬂ‘.?&l__)
TURN ON FAST CLOCK
50.0 MHz

DELAY 1/4 SEC

RESET OUTPUT, TURN
TRANSMITTER POWER ON

1

* DELAY FOR 1/2 SEC

WAIT FOR EF1=0
WAIT FOR EFl=1
SET OUTPUT LATCH

SET UP
LOOP COUNTER
BIT COUNTER

(6x8 clock
bits)

,#04

(0‘. byte;“
data)

SET UP CLOCK BYTE
TRANSMIT IT
DECREMENT COUNTER

Ly COUNTER=0 s

s . i i

RS )

» ki
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Figure C2

TRANSMITTER SUBROUTINE
(CONT*D)

PREPARE TO TRANSMIT MLS

SEND MLS 2 BYTES

PREPARE TO SEND ID
LOAD LOOP COUNTER

=

SEND BYTE
LEFT TO RIGHT

CTR=0

SEND LAST
7 BITS OF ID

PREPARE TO SEND DATA
SET UP BYTE COUNTER




g 3%

Figure C2 POINT TO BYTE
i TRANSMITTER SUBROUTINE
(CONT'D)
TRANSMIT IT

 DECREMENT COUNTER

COUNTER=0 g

YES

TRANSMIT EOT

TURN EVERYTHING OFF

( RETURN ) ¢




( _staRT )
TO USE EXECUTE
SEP CALL
A
»A(RND) - SEED SETUP IN INITIALIZATION
LOAD - KEEP IN RAM
CURRENT RANDOM #
n
Equations: Rh+1 K Rn Mod2
5
K = 57=3125
| tadd piex of 5 MULTIPLY PRODUCES 32-BIT RESULT
g less than 215 = BY
i 32768) _K=#0C35
I N = 15 = 15-bit
random #

22 u pertod = 8192

GET 15 LSB OF PRODUCT
Ro = gseed (an odd number)

k| STORE AS NEW RANDOM #

(C RETURN )

Figure C3. RANDOM NUMBER GENERATOR SUBROUTINE

T P O




Figure Cé4
FDC SUBROUTINE

TO USE, EXECUTE:

SEP CALL

»A(FDC)
»A.O(DEVICE)
»A.O(RAMSTORAGE)

( START )

SELECT DEVICE

ke

SETUP REGISTERS

NQPS

EF=0 YES
NO
PREVIOUS YES
VALUE 1
NO

COUNT A 0/1 TRANSITION

'DECREMENT LOOP COUNTER

CTR=0

SEPES PPSFIVSIIINGTSES W e

| GET STORAE LOCATION

(_ RETURN )
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E

Figure C5
ENCODER ROUTINE

SUBROUTINE TAKES DATA LOCATED
AT TDATA. STARTS AT BOTTOM
AND FORMATS IT, STORES IT IN
TBUF

B o
D  (6-BITS BINARY)
PARITY

61 SB PRECIP - TBUF

6 MSB PRECIP - TBUT+1
6 LSB STAGE - TBUS+2

6 MSB STAGE - TBUF +3

CALL SEQUENCE
SEP CALL
A(ENCODE)

(  sTaRT )

POINT REGISTER TO
TRANSMIT  BUFFER +4
POINT REGISTER TO
TRANSMIT DATA
;

%

SET LOOP COUNTER TO 2

TO ENCODE R8-1

POINT TO NEXT DATA BYTE

GET BYTE
CLEAR BITS 6,7
TEMPORARILY STORE IT
FOR PARITY ROUTINE

FIX PARITY AND STORE
ENCODED DATA

GET BYTE, ROTATE TO
SAVE BITS 6,7 ONLY
PUSH ON STACK
TEMPORARILY

GET NEXT BYTE R8-1
MAKE ROOM FOR TWO BITS

R9

R8

RD.O

8 LSB OF DATA

CHOP DOWN TO SIX BITS
RF.1

GET 8 LSB
SAVE BITS 6,7 AS 0,1

CREATE BYTE WITH BITS 6-12

P P




Figure C5

ENCODER ROUTINE
(CONT'D)

T ———————————————

FIX PARITY
STORE IN TBUF

DECREMENT
LOOP COUNTER

NO COUNTER=0

YES

(_RETURN )




(  sTaRT )
Figure C6 AFFECTS
GET TRANSMISSION RF.1 MIN
RATE UPDATE ROUTINE COUNTER 127.0 RF.0 MAX
; , 127.0
RATE1
NOTE: MIN VALUE GIVES MAX ‘,{‘;}’Ei
NUMBER OF TRANSMISSIONS
: BEEN 4 TRANS.
TO EXECUTE: AT CURRENT RAT
SEP CALL
,A(UPDATE)
UPDATE RATE
RATE2+RATE1
RATE3->RATE2
| . 0+127.0
E
.
GET RATES
ASSUME MIN IN RF.1
POINT TO RATEP
SUBTRACT RATES-RATEP
| RATES<RATEP RATES»RF.0
| RATES+RF. 1
|
a




] RATEP-MAX

Figure C6

RATE ROUTINE
(CONT'D)

POINT TO RATEl

MIN~-RATEIL
P .
MIN<RATEIL NO
|
. ‘ YES
E . MIN»RATEL
05127.0 MIN-RATE2
YES
MIN+RATE2

NS




Figure C6

RATE UPDATE ROUTINE

1]
(CONT*D) MAX<RATE2 NO

YES

MAX->RATE2

MIN-+RATE3

CRETURNl )
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Figure C7 ;
RATE CALCULATION SUBROUY:NE 20 NOV 78
,;:(500/‘5. Eoif bin "t lo:,'p,-/“_ﬁkc
E=A+ S/C_—D/ Ais 1n trans/me x\00. ;
tsco s loeps /), x100 L
CALL SaveNCceE T chlcuLpTe STABE RATE EXECULTE
SEP eaLl SEP AL |
: y A (eacesw) JACCALese)
ymole) | y A0 (sTAGeL)
yAo () | ) h o (STAGED)
| : y Ao (8) y Ao (dona)

y PO (sToensce Pom-reva )A«OCIZA-TES)




CNTIU Fer
REL 12 RATE,

PoinT 10

ense
RATE

ENTIY
Feiz STAGE 1

PoiNnT
TV BASE
rate

Séci b4

POINT TO

AL
RATE

>
locd G

poink b
{locd

rakQ.

TALE
ABsoLute
UALUAE

k3.0

k2.0
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GENERAL CALCULATION SUBROUTINE

&= A*(D-E)fg_)+F

uhlizes wmath rom.

ca 00 seguents.
SEP el
yA (eaie)

/A0 (D)

Ao (&)
y A
) A6 (roata)

y 8.0 CF)

, Ao(pesTINMmon)

"

t cele Ccornont
sb‘]t . g
SE> enLl
'A' (ML(.)
yA0 CEStAGE)
)A!O CFM"N)
| 4000 1,
A -6CTDATA)

5y Ao (shany)

;20 (Sthee)

RANGE *(FME?\S'FM|N) + MIN
(Frmax-Fmin)

RANGE (Fm IN - Fme,\s) + CUnZENT VALK
(F'A\A\( ~FMIN)

h calk Y o

cew cALL

) ACenc)

) Ao CEMINY

A0 (EsTace)
)“'OOO|5
)AcO(Z )

y Po (sTeED) ]

,AcO(SMlN\




' 20 NOV 19
( SYART

OTILRLS REGILIERS

SCRT  ©3,04,05,Ce Loamr
Rl 1o Paxy ‘;a,\an»:l»vw B
CFMAX)

PATH REGISTERS.

COMPUTE
e-c

(Erax-FmiN

. CET SPesLe
| TEMM Pov ALy Coertren ony
sStovE TOATA &
: stoge ResuT
RESOLT. '
) = : CeT LeXAtich
i GET LOCATION o v
oY=
ishiiy ADD 17 2EULT.
LOAD IT.
CET Lowntien
o o o sSTorING
OF ¢ &b
el . | comporte RESLLT 1STU2€E (T,
% p-€
SO
ReESOLT
" oy 1
Lorrd A
, INT? AC
P‘ = Comp A+ (D-&)
bruipe
B«
8-c




UTILITY ROUTINE TO ENTER DECIMAL NUMBERS/READ MEMORY

I__/

INHICiZE
RS 6 9(C0
K e X

l

@

STT P DsPLav
BUt ERTO SHOW
A___BCXX,

XX FR6M 6.0

PoINT ’F 10
BULETER AND

DISICAY CONTENIS

—()

SCAN TR E
keus

1

PomNT 2F 0
DS OLAYS

!

¥~ 8ao pATA

no

ne

wo

O
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me e r.(u..b\-l(\
‘l 'L"(J bU-(.l!A\
' ' . ENCEDE ELeet
D\SPLAY NEw ApOCES, pur
BuUFFER INRS.0




®

CLEA Ty
For 10560E
1

b

| LeAD BINARY

APDRESS

]

CoNyeERT T

—

e FeizmAT
DISPLAY BUF FEY,

{

Dz imA (L Sﬂlu'r

e 4%
\9)
DUPA YT,
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- Ty

# Feom SELeaEd

TeUtEFEE
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€

i P10 o. t loasle
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C,-p ['Op.




FEw

'\\ Pr(.‘)';(t'

i -(’:p “:‘, 1.0

Biie

b Puk D in Displg —

SHIFT uFEel]
bettrs,

Put NEW ENTEY
IN t5€T
DECMALPE |

¢ W

ZERO PSPAY | 4 © DELETE)
BUFFER.
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RR/DCP CHECK-OUT SHEET

Date: Operator:
Location: s
HEX ENTRIES - PROCEDURE 1
[ADDRESS CONTENTS “SETUP DESCRIPTION
8C62 31 Bit ID Code
8C63 .
8C64 -
8C65 -
8C52 00 FDC Precip
01 Bucket
DECIMAL ENTRIES -~ PROCEDURE 2
ADDRESS CONTENTS SETUP DESCRIPTION
8C36 Rl' Base Transmission Rate x
100 (Trans/Hr x 100)
8C38 RZ' Alert Transmission Rate x
100 (Trans/Hr x 100)
8C3A R3, Flood Transmission Rate x
100 (Trans/Hr x 100)
8C3C A, Slore factor stage
stream (0-100)
8C3E B, Slore factor - Precip.
{0-100)
8C40 Alert Level x 100 (feet x 100)
8C42 Flood Level x 100 (feet x 100)
8c2c Current Stage x 100
(feet x 100)
8C32 Current Precip Level x 100
(inches x 100)




TESTING/CALIBRATING PROGRAMS

168$P
1705P

178s$p

180$P
158s$p

8C28
8C2a

8C2C
8C32

8C46
8c48

Minimum Stage Level

Minimum Precip Level if "1" appears
bucket is selected

Current Stage

Current Precip
Transmits Values at 8C66
RF FWD

RF REF




PROCEDURE 1 - DISPLAYING/ENTERING HEX NUMBERS

DISPLAY
PRESS KEY ADDRESS BYTE
R —— ———
RU 0.0.0.0. Cco
8 0.00.28. XX
& 0,08C. XX
6 0.8C6. XX
2 8C6.2. XX
8C62 XX.
CE 8C62 CE.
inc 8C63 XX,

COMMENTS

Resets processor

Runs utility program at
location 8000. Dots in
address field indicate a
new address can be entered.
Address entries shift in
display from right to left.
The contents of that
address immediately dis-
played. To look at the
next and subsequent
locations, press "inc".

To alter a byte in memory,
press €» until the field
select dots are in the byte
field. Pressing €¥ again
will shift the select to
the address field.

With byte field selected
key entries go to byte
field. Merely retype the
byte if a mistake is made.
This applies to the address
selection also.

inc moves the byte displayed
(before inc pressed) into
the selected memory. The
next address is selected and
displayed.

X indicates that the contents are indeterminate.

\
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PROCEDURE 2 - DISPLAYING/ENTERING DECIMAL NUMBERS

PRESS KEY

R
RU
160

$P
36

inc

inc

DISPLAY

000.0. CO
0160. F8

A 8C20.
A 8C36

b 0 0100

"b" is positive sign
"d" is negative sign

b 0. 00.00.

A 8C38.

COMMENTS

resets processor
runs utility program
selects address 160

runs program at address 160.

‘The A means the address mode

is selected. Only the last
two digits of the address
can be altered. Press keys
until desired address is
displayed.

Displays the contents of
that address.

The keyboard is locked so
that the contents cannot be
changed until "inc" is
pressed. Pressing "inc"
moves displayed data back
to memory and returns to
the address select mode.

Pressing €2 once allows new
data to be input. Key
entries are considered
decimal entries. Typing a

d or b will change the sign
to d or b. Entries shift in
the display from right to
left.

Pressing ¢ again will re-
store the original contents
of memory to display and

lock the keyboard as before.
The value last displayed is
moved to memory and the
program returns to the
address select mode until the
next address displayed.

’
il akba, Sl sulind o




RR/DCP OPERATOR INSTRUCTIONS

CALIBRATING STAGE (PARAMETER 1)

(1) Enter current stage into address 8C2C using Procedure 2.

E (2) Press R, RU, 168, $P. This will run a program which
i measures the stage, and computes the minimum value
i achievable assuming the current stage is correct. !

(3) After measing and calculating (5 sec), the program will
jump to the decimal display program. The address of SMIN

k (Stage Minimum) will be displaved. Press "inc" to see

the contents. Note the sign "b" is +, "d" is negative.

(4) If this value is lower than the instruments desired
minimum slip the belt off and rotate the wheel. Each
3 turn is equivalent to 1 foot.

(5) Run the calibration program and adjust the wheel until .
the proper minimum is computed.

CALIBRATING PRECIPITATION (PARAMETER 2)

(1) Precip does not need to be calibrated if the bucket
method is used to measure precip levels. Running the
program with the bucket selected (01 in 8C52) will
display a 1.

(2) Enter current precip level in 8C52.

(3) Press R, RU, 170, $P. This will run a program which

1 measures the precip level, and computes the minimum

4 value achievable assuming the current precip level is
correct. After measuring and calculating (5 sec), the
program will jump to the Decimal Display/Enter Program.

1
| (4) The address of PMIN (Precip Minimum) will be displayed.
l Press "inc" to see the contents. Note the sign "b" is :
+, "d" is negative. )

(5) If this value is lower than the instruments actual 1
3 minimum, slip the belt off the gear and rotate the
gear. Each turn is equivalent to .25 inches.
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(5) Run the calibration program and adjust the gear until
the proper minimum is computed.

ACQUIRE DATA

(1) To exercise the data acquisition program press R, RU,
178, $P.

(2) The program will measure the parameters, calculate the
values and branch to the decimal display program. The
contents of memory can then be examined.

TRANSMIT

(1) To exercise the transmitter press R, RU, 180, $P.

(2) The normal transmission will be made using the 10
located at 8C62. After the transmission RF act and RF
reflected will be measured. The program will branch to
the decimal display program so the resultant values can
be examined.

MEASURING TRANSMIT POWER

(1) To measure transmit power, press R, RU, 158, $P.

(2) The microprocessor will measure RF-FWD and RF-REF,
then branch to the decimal display program. The values
at location 8C46 (RF-FWD) and 8C48 (RF-REF) should
correspond to values set for that transmitter.




i APPENDIX D

RPN Y

TABLE I - PART LIST BOARD #1 - CPU BOARD

TABLE II - PART LIST BOARD #2 - MEMORY BOARD

4 FIGURE D.1 - BOARD #1 LAYOUT

] FIGURE D.2 - BOARD #2 LAYOUT
FIGURE D.3 - CPU, STARTUP, CLOCK SECTION
FIGURE D.4 - MEMORY SECTION
FIGURE D.5 - INSTRUMENTATION INTERFACE SECTION
FIGURE D.6 - 200 Hz OSCILLATION SECTION
FIGURE D.7 - TCXO POWER SECTION

: FIGURE D.8 - POWER SUPPLY SECTION




, Table I. PARTS LIST FOR BOARD #1 CPU BOARD

G oAD 14
LI L\ T4 Al
vz CorI1%02LD
3 V7 cr4do2% 3
‘ o4 cpdogq LB
Us co4oso B
O Cn4oc| B
L7 CpPIDS2CO
LS, V9 DKol A
Lo codos| B
v CP40lbA
e Uz AR S3T7kD
ui3 <4695 !
Li4 CIX{0\|06 B
s CO466pR

vin Ch4 607




Table I. PARTS LIST FOR BOARD #1l

| 24 20
7 (27 4
k3 41K
R4 ok
Rs 474
6 LM
Rl 2Zm
2 LSm
P9 1S6K
R10 10K
cal \K.
It 44k
132 za0k ¢
4 LN
s IM.
C\b | look
21 V6L

tZ\% 1ue

kg  41ok.
R0 L. Lm

R21,22,2%,24¢  \oOk.

gzs k&
RZe 2,2%
R17. 47k

k29 4Aoqa.
224 K,

21 INST
G TNZULLL.

&7 2N2AGCE

Cnl St\\)w

CR2 INGIED

G230

G4 N2
R0 \0
123\ lok.,
BrF chcke .
R2ZZ \m
’32  \k.

CPU BOARD
MDEL 2543009
b T Vet
ce,e3 sof Y1 3263k,
cd L ladd g
Cs a()O\MH
Cl IO(M('C\
. Landd.
AN IAPA
ca 10.(d
cio .0l
ay .05 A‘d,_
Clz 51
ez 1 Ad
e doudsf
CiS-C20 Yl
czt 33 ¢k




- 2|
R2
1’3
4
Es
A
e
£%
£
Kio
il
Rie

B2

Table II. PARTS LIST FOR BOARD #2 - MEMORY

L1 -032
L4

vs

Ulo, L
V%

LY

c\o0

(AL

C\z

4T
oL
Vol
470 S
27 K.

40k
I . OM

ook,

470K
477K,
1.0Mm
ok,
24k,

NG
CorP 1932

\Mbbod

COPRSPZ
CDPr \o2
DR 12572¢D
Chdssse
co404que

<p 403
4013 A

CRZl (Nnd\Us
Cr [INdgg
3 TSS5woo
CcR4 TSS6CL
LS INYIYD
Cel INS3244
Cra INS3I94
Ceo mrsoo.
SCRL 2N444|

Gt 2N72906,
G2 2N
@3 N2
GF 2NSi90

G4 b
201%

<t 1044
e

C2 olafd
<4 .op|
CS"C"Z.- cO(

'O«u-_ g
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Figure D.l. CPU LAYOUT BOARD #1
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: |
FL LOC COSMAC CODE LNNO  SOURCE LINE
00001 .. DCF EXECUTIVE PRODGRAM
00002 .
00003 . .
00004 ..REGISTER ASSIGNMENTS
$OO003 00005 FC=R3
#0004 00004 CALL=F4 i
F000% 00007 RE TN=RY; }
00008 . .SUBROUTINE ANDRESSES .
FOIFR 00009 CALC=%03F2 i
F0393 00010 CALCSR=%0393
FO3E1 00011 CALCFR=403K1
HOZ02 00012 ENCODE=§$0302
#0200 00013 GXMIT=$#0200
#0431 00014 © LDELY1=$0431
#0435 00015 LUELY2=£0435
#0461 00016 MEASR= 404t O4S <
FOLEC 00017 RNI=  #02EC :
#0341 00018 UPDATE=$#034Q 1
#C249 00019 LOALOP=#C2 49
$C257 00020 STOROF=$C257
FC25R 3 00021 STORE=#C25K
#C240 00022 LOAD =#C240
ACOON 00023 SOCON=$#COO0N
00024 . .RAM LLOCATIONS
#3030 00025 CON1  =$8C3C
FHCE 0002 CON2  =#8C3E
#HLHO 00027 FILAGL =#8C%50
! F3UDL L1910 054 ] FlLAUZ=#8U5]1
3 H#HCE 00029 FLAGS=#8052
FALDS 000 S0 FL.AL4=%8053
el q (S10 1o X0} FLALD=FEL04
#E3CL2E Q00S & FMIN=#8C 2
FBC26 00033 FPRECP=#8C26
#B02 4 00034 FSTAGE=$8C24
+8C5A 00035 FAD=£8CS5A
#BC 20 000364 FMIN=#802
#8C32 00037 PRECF 1=48C32
HE034 00038 FRECP2=48C34
#8044 00039 RAND=%8(44
? HBC4A 00040 RATELl=#8C4A4
| FHCAL 00041, RATES=%#8C4D
: $3C4E 00042 RATEF=#8C 4
¥80C2 00043 SMIN=RB8C28

- #BC20 00044 STAGE1 =#8C2C




0000
0000
0005
0005
0008
000K
000K
0010
0011

0013
0014
0015
0017
0018
001A
001
001I
001E
001F
0021
0022
0024
0025
0028
0024
002C
002E
002F
0032
0034

0050
0052
0053
0054
0054

FBC2E
#BC30
EBCHS

Co3108

880 K8
F8J004a7

Fooee FF B7

F850
A8
F301
915
18
F800
563
F844
A8
F800
58
18
80
bats]
FEa0
AB
FEF 5
1858
1858
F&368
A
30058
18358
3050

F851
(15}
08
JAL4
Faol1

00045
00046
‘00047
000483
00049
00050
00051
Q0052
00053
00054
QOQES
Q056
00057
00053
OQQ59
000460
Q0061
00062
00063
00064
000465
00086
OO0 67
00068
00049
000790
90071
Q0072
QO073
00074
Q0073
00076
OO077
00078
Q0079
00080
00081
00082
00083
00084
0008Y
00084
00087
00088
Q0089

STAGE2=#8C2E
STAGEZ=48C 30
THATA=$8066

L INITIALIZATION

ORG #00

LER #8108 ..BRANCH TO ENTRY OF MICRO
ORG 05 1

LDT #8C;FHY K8 ..8C INTO KRS8.1 TERM RO
LI #00;PLD R7 ..00 INTD R7.0

LOT #85% PHI K7 .. TRANSMIT AFTER 2 CYCLE
LDI A.0(FLAGL)

PLO RS

LT 401

STR RS . .1 INTO FLAGL

ING RS

LU #00

STR R8 _.0 INTO FLAG 2

LI A.0CRAND)

FLO RS

LOT %00 ..SET UF RAND TO 000%

STR RS

INC RS

LOI #05

STR RS

LDI A.0(RATEL) . .SET UF RATE1, 2,3 WITH FF
FLO KR8 .

LDI #°F; STR K8 ..FF INTD RATE1

INC R8;, STR R8 ..FF INTOD RATE 2

ING R8; STR R8 ..FF INTO RATE3

LD A.OCTDATA) +FO2

FLO RS ..POINT RS TO BUCKET ACCUM
LOI #00; STR R8 . .0 OUT THE BUCKET

INC R8; STR RS

BR #350
LCEXECUTIVE FROGRAM
ORG #30
.. I8 IT TIME 7O COLLECT NEW DATA?
EXECL: LDI A.O(FLAGZ . . FOINT TO FLIP-FLOP
FLO R
LIIN R8 . - FeST FLAG
BNZ EXEC2 . .ILON‘T COLLECT DATA IF FLAG IS
LDI #01 < Rl ELERCEEURE 0L SET



0059
005A
003C
003E
00SF
0061
0062
0064
0065
0067
0068
006A
006C
0061

006F
0070
0072
0073
0074

0075
0076
0078
0077
0074
007C
o070
007E
007F
0081
0083
0085
0086
0088
0089
008A
008C
008D
008E
008F
0091
0092
00974

n4
Ca49
8C2E
N4
C25R
n4
C24n
D4
C23R
n4
C249
8cac
n4
C25R

04
LD 4S
E3
49
($14)

04
O3F 2
24
OF AD
b6éb
28
26
F852
ABOES
3A91
N4
032
26
7.7
Q318
68
24
32
3045 a2
04
C249
8C683

00090
00091
00092
00093
00094
00095
00094
00097
00098
00099
00100
00101
00102
00103
003.04
0010%
00106
00107
00108
00109
00110
00111

; 00112
00113
00114
00115
00116
00117
00118
00119
0012
00121
00122
00123
00124
00125
00126
00127
00128
00129
00130
00131
00132
00133
00134
00135

EAlL:

ey — ———————————————

STR RS

. .MAKE ROOM FOR NEW DATA

SEF CALL

, ACLOADOF) . .GET STAGE 2

s A{STAGER)

SEF CALL

,A(STORE) ..STORE IN STAGE 3

SEF CALL

» ACLOAID) . .GET PRECIF1

SEP CALL |
,A(STORE) . .STORE IN FRECIP 2 ¢
SEP CALL ’
» ACLOATIOP ) . .GET STAGE 1 |
, A(STAGE L) {
SEF CALL |

»A(STORE) . .STOR': IN STAGE 2 |
.. COLLECT NEW DATA

SEF CALL . .MEASURE DATA

» A (MEASR) ‘
SEX FC |
ouT S .. TURN OFF FAST CLOCK ANI HIGH

» #00 . .VOL.TAGE

.. PERFORM CONVERSIONS

SEF CALL

» ACCALD) .. CONVERT FSTAGE TO FEET

» A. OCFSTAGE)

» AL O(FMIN) |
» 4000 ..40 FT FULL SCaLE

A OCTIATAYY . .STORE INTERMED RESULT

» A O(SMIN)

»A.0C(STAGEL) . . FINAL STAGE VALLUE

LII A.QCFLAG3) ..0I0 WE CONVERT PRECIF ALDO |
FLLO R8 ; LDN R8 |
ENZ EAl . .BYPASS CONVERSION IN FLAG3=1 |
SEF CALL
,ACALE) .. CONVERT FRECIF TO INCHES
2 AL O FFRECE)
s AL OCFMIND
, 1000 .. 10 INCHES FULL SCALE
A OCTUATA) +#02
» AL O CFMIND
s AL O (FRECF1 )
BREAZ
SEF CALL . . USING BUCKET,NO CONVERSION
» ACLODATIOR) . NECESBARY
SO CTIATA) +402



0096
0097
0099

0098
oo9n
009E
009F
00A1
00A3
00”4
00AS
00A7
00A8
00A?
00AH
VUAL
QOUAL-
00AF
00B1
00B3
00OB4
OORB6
00E7
0019
oorA
O0RC
OORE
00BF

00C1
00C2
00C4
00CS
00C 4
00C7

00C8
00CY?
00CE
00CC
00CD
00CE

000CF
o0ono
002

4
C257
8C32

F3394
A
08
32A%
F800
58
| (1
F8350
A8
08
3201
F800
i~}
Jiz:}
Cx49
8L20
04
C29R
14
Cc258
14
C249
8C32
04
C25k

14
0393
20
30
a6
41

14
0381
32
34
3
41z
4
O340
J0nC

00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
001446
00147
00148
00149
Q01%Q
QO 151
QO 1L ox
QLIS
QOLL4
Q015G
001546
Q01357
00158
Q0159
Q0160
00161
Q0162
00163
00164
Q0165
00166
00167
00168
00169
00170
00171
00172
00173
00174
00175
00176
00177
00178
00179
00180
00181
00182
00183

SEF CalL
» ACSTORQF )
+ A(PRECF1)

.. COFY BUCKET INTO FRECFPL

. RETURN IMMEOIATELY??
LOT A . Q(FLAGS) ..GET FLAGS

FLLO RY
LON KR8
RZ EAZ
Lot 400
STR R8
SEF RETN

.. IF FLAGS=0, DON’T RETURN

. .RETURN TO CALL PROGRAM

LOL A.0CFLAGL) .. IS THIS THE FIRST LOOF

CFLO RG

LDN K8

RZ EB2

oY #00
SiIK RY

ST g

s ACLUALUK)
»ACSTAGE L)
SEP CAlLL

» ACSTORE)
SEF Call
ALSTORE)D
SEF CaAll

» ACLOADOR)
sACFRECFL)
SEP CALL
»ACSTORE)

. .GET THE FLAG
IF ZERO NOT FIRST LOOFP
CFIRST O LOOF 5, CLEAR FLAG

LBt STALE 1
.FUT IN STAGE 2

FUT IN STAGE 3

. GET PRECIF 1

..PUT IN FRECIP 2

. .RATE CALCULATIONS —~
. .CALCULATE STAGE RATE

SEF CALL
» ACCALCESR)

.. CALCULATE A+BX(C-D)
. .A IS RRASE

» A.O(STAGEL)
»A.0(STAGE3)Y .. D

» A0 (CONL)

St

+A.OCRATES) .. RAM STORAGE FOR RESULT
.. CALCULATE PRECIP RATE

SEP CAlL.L
» ALCALCFR)

.. A IS REASE

» ALOCFRECPL)Y . .C
»ALOCFRECH2) .. D

2 A0 (CONZ)

s A O(RATEF

el
) . .RAM STORAGE FOR RESULT

CURTATE THE RATES
SEF CALL.
» ACUFDATE)
BR EXEC3




oon4
ooné
00117
o0ons
00DA

oon
00N
QOLF
00ED
O0E1
00E3
004
COES
OQES
Q0EA
QOEER
00EC
00EEI
O0EF
00FO0
00F 2
OOF3
00F 4

00F 6
QOF7

00FF9
O0FA
OOFC
OOFI
OOFE
0100
0101
0102
0103
0105
0106
0107
010aA

F 800
5¢
04
0431
FIFFF

e
F84A
AS
A
=COL
B7
F7
CEoL3Y
FEO0
w7
17
n4

OFA0O
&6

oLt

9A
F&52
A3

08
CAO114
Ii4

00184
00185
00186
00187
00188
00189
00190
00191
00192
00193
00194
00195
00196
00197
00198
00199
00200
00201
00202
00203
00204
00205
00206
00207
002208
00209
00210
00211
00212
00213
00214
00215
00216
00217
00218
00219
0022
0022
00222
00223
00224
00225
00226
00227
0022
0022

EXEC2: LDI #00

. .NO DATA HAS BEEN COLLECTED

L DELAY TO MAKE UP FOR IT

.. SET FLIF FLOF TO ZERO
STR R8

SEF CALL.

SACLIELYL)

| R — Gl

. AL FATHS MEET HERE
.. 1S IT TIME TO TRANSMIT

EXEC3: SEX R8

LI A.OCRATEL) . . FOINT TO CURRENT RATE

FLO R8

GHI R7 .. GET CYCLE COUNTER

ADL 401 ..AID ONE TO IT

FHI R7 ..STORE IT

SM ..R7.1-RATE1

L.BNF EXECA4 .

LOL %00 LOH BOY, WE GET TO TRANSMIT
FHI R7

INC R7

SEF CALL

» A (RN . .GENERATE RANDOM #

GHI RF LCHOP IT DOWN TO 12 RITS
ANT HOF

FHI RF

SEF CALL .DELAY FOR A WHILE

s ACLDELYZ)

..ALL DONE WITH DELAY. .. MEASURE DATA AGAIN
SEF CAl.L

» ACMEASR) . .TURNS ON FAST CLOCK ALSO

.. CALCULLATE AGAIN

SEF CALL

» ACCALC)

» A OCFETAGED)

1AL 0 (FMIN)

» 4000

» AL OCTHATA)D

A O(SMIN)

» AL OCFADN) .. THROW THIS AWAY

LDOI A.O(FLAG3)

FILLO R8
LLIN R8
LENZ EC1
SEP CAlLl

. .NO CALC NEC. IF FLAG3=1

E-5




0108 OJ3F2 00230 L A(CALLT)

010D 26 00231 ,A.O(FFRECF)
010E 22 00232 A, OCFMIN)
010F O3ES 00233 , 1000
0111 48 00234 ,A. OCTDATA) +#02
0112 24 00235 . A. OCPMIN)
0113 5A 002364 L A. 0 (FAD) . .THROW THIS AWAY
00237 . .ENCOLE DATA
0114 N4 00238 EC1: SEF CALL
0115 0302 00239 , A (ENCODE )
00240 .. TRANSMIT DATA
0117 D4 00241 SEF CALL
0118 0200 00242 , ACGXMIT)
1 o11a 2 00243 , 420 . .32%8 CLOCK
; 0118 04 00244 , $04 .4 BYTES TO TRANSMIT
011C F853 00245 LOT A. 0CFLAG4)
011E A8 00246 PLLO RS
011F 08 00247 LIN RS . .GET FLAG 4
0120 3226 00248 EZ EC3
0122 FB00 00249 LDT #00 .. IF SET, CLEAR IT AND RETURA
0124 53 00250 STR RS
f 0125 15 00251 SEF RETN ..RETURN TD CALL FROGRAM
00252 . NOW COMPENSATE FOR RANDOM DELAY
0126 114 00253 EC3: SEF CALL
0127 €249 00254 , ACLOATOR)Y .. GET OLD DELAY COUNTER
0129 HC44 00255 , ACRANI
0128 9F 00256 GHI RFE ..CHOP DOWN TO 12 RITS
012C FAOF 00257 ANT #0OF
OLRE BF 00258 FHI RF
012F D4 00259 SEF CALL
0130 COOI 00260 , ACSDCON) .. CALC. KEMAINING [ELAY
0132 OFFF 00261 , HOF FF
00262 CLDELAY TO EVEN UF TIME
0134 U4 00263 SEF CALL.
0135 043 00264 , ACLDELYZ)
0137 303E 00265 BR EXECS
00264 L DELAY WHEN NO TRANSMISSION HAS BEEN MADE
0139 D4 00267 EXECA: SEP CALL
0134 0431 00268 , AGLDELY)
D13C - 00 00249 ) BEFFEE '
00270 DELAY TO CREATE A 4 MINUTE CYCLE TIME
213E [4 00271 EXECH: SEF CALL
013F 0431 00272 , ACLOEL Y1)
| 0141 RERF 00273 s PFEFF
; 2143 CO0050 00274 LEF EXEC1 L GO TO EEGINNING
ri 00275 ENI1

E-6




;
|

sumbol table

saLc 032 CALCPR O3 K1 CALCSK 0393 CAL.L 0004
CONL 8C3C CONZ2 BC3E EAL 0091 EAZ 00AS
ER2 Q0C1 EC1 0114 ZC3 0126 ENCODE 0302
ZXEC1 Q050 EXECR 0014 EXECS oonc EXEC4 0139
EXECS 013 FLAGIL 8CHO FLLAGZ 8C51 FLAG3 8Ccs2
FL.AG4 8Cs3 FIL.AGY 8C54 FMIN 8Ca2 FFRECF 8C26
FHTAGE 8C24 GXMIT 0200 LDELYL 0431 LDELYZ 0435
L.OAD ca4n L.OALOF C249 MEASK 0461 PAD 8CSA
~C QOO3 PMIN gC2a FRECF 8C32 FRECF2 8C34
AND 844 RATEEL 8c4n RATEF 8CAE RATES 8CAD
RETN 0005 RiNII 02EC SHCON coon SMIN 8C28
STAGE1 aca STAGE2 8C2E STAGE3 8c3Q STORE CZ5E
5TOROP L2357 TOATA 8Cs66 UFDATE 0341

: |

E-7
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LOC COSMAC CODE LNNO

#0094
4#00B4
#0014
#0022

H#O0ER
#0004

#0062
HF00L6A

#0Q03
#0004
0005

0200 E3

0201 65

0202 $%4— =%
0203 4

0204 02AF

0206 SeC- (92D

0208 E3

0209 65 «

020A I4 DO
020R E3 <4
020C &% ¢4
020D FA cq

0Z0E Jindw FO 8L
020F g 27
0211 emes C<'cd
0213 D4 '
0214 O2AF ;4
0216 -Gl

00001
00002
00003
00004
Q0005
00006
00007
00008
Q0009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
Q0024
00025
00026
Q0027
00028
00029
00030
00031
Q0032
00033
00034
00035
00036
00037
00038
00039
00040
00041
00042
00043
“00044

SOURCE. LLINE

GXMIT:

5=
sex P
CuT'S
fQ%

NI2g
NOP
DL ©¢
Priy RE
NopP
SEP el
A (Day)
B 3245

.. TRANSMITTER ROUTINE
.. THIS ROUTINE CONTROLS THE TRANSMITTER
.. TO SEND MANCHESTER ENCOIED DATA AT 100 HZ.

ORG #200

.. TRANSMITTER CONSTANTS

. RIT 3 (FAST CLOCK) AND

..RIT 7 (HIGH VOLTAGE) SHOULD ALWAYS EE SET.

CPO=%9% _  POWER ON CONSTANT BIT 4

CTO=%#b4 . TRANSMITTER ON CON RIT S

CCO=#p CARRIBR ON CONSTANT BIT 6

SYNC1=#22 . _FIRST SYNC WORD (CONTAINS TWO
. .CLOCK BITS ALSO

SYNCZ=FEEB ..SECOND SYNC WORD

.. CHARACTER CONSTANTS

EOT=#04

.. RAM LODCATIONS

ADNDR=%462

TRUF =%6A

. .REGISTER ASSIGNMENTS

FC=R3

Call=R4

RE TURN=RS

.. SEQUENCE TO TURN ON AND INITIALIZE TRANSMI
SEX FC '

ouT 5 .. TURN FOWER ON

, GBS T ol UL o

SEF CALL . . DEEAY—FOR—WARM—YF—OF—1 SEC

» ACTELAY) ela ‘/ !
gy Q. sy 4 Sec .

SEX FC

auY S5 .. TURN TRANSMITTER ON
» €T

SEX FC

ouTtr S5 .. TURN CARRIER ON

. CCO

SEF—tatl. t ¢ 7 | CARRIER LLASTS FOR 4 SEC
réyCEEEAY) e O

» REREE

SEP CalLL
» ACDELAY)
» #CBO66




i} " | 00045 .. T . _PREFARE TO TRANSMIT CLOCK
0218 7Aa 00046 Not REW . RESET Q---Q 1S THE SERIAL OUTFUT L
o1y B @ QUV4/ NTF o SEX PU
VZ1A 341A 0004 N> Kl X WAL FUR EF L:=Q
0L1L SULL 00049  wed BNL X .. WALT FUR SIGNAL, EF1=1
ozu-:ﬁq C4 00050 wmer NOP U . TURN OFF CARRIER
021F G 00051 NuP  NOP o6
00052 .. ..BIT TO BE SENT
0220 D4 00053 weol SEFP CALL .. DELAY TO AVOID OVERLAP
0221 020 00054 reor » ACUELAY)
0223 0001 00055 Qi , #0001,
0225 3C25 00056 EN1L X ..WAIT FOR SIGNAL
227 R 000%7 SEQ .. TRANSMIT SECOND HALF OF FIRST BIT
; 00058 .. TRANSMIT CLOCK RITS
0228 44 00059 XCLOCK: LDA Ré . .SET UF LOOP COUNTER
0229 Al 00060 FLO RO
0224 F808 00061 L.DY #08 . .INITIALIZE BIPHS EIT COUNTER TO 8
022C AC 00062 FLO RC
0220 F8AA 00063 XC1: LDI #AA ..SET UF CLOCK RYTE
022F Al 00064 FLO RF
0230 N4 00065 SEP CALL ..TRANSMIT BYTE
0231 0278 00066 s ACBIP)
0233 00 000467 » #00
0234 20 00068 DEC RO . .DECREMENT COUNTER
235 80 00069 GL.O RD . .TEST COUNTER
0236 3A2D 00070 ENZ XC1 . .DNONE WHEN COUNTER IS ZERO
00071 ..DONE WITH CLOCK
00072 55
00073 .. FREFARE TO TRANSMIT SYNC
0235 F8a2 00074 LII SYNCIL ..SET UF TRANSMIT BYTE
023A AF 00075 FLO RF
023F D4 00076 SEF CALL .. TRANSMIT EBYTE
023C 0278 00077 » ACRIP)
023E 00 00078 » #00
23F FBER 00079 LDI SYNC2 ..SET UP NEXT TRANSMIT EYTE
0241 AF 00080 PLLO RF
0242 14 00081 SEF CALL. .. TRANSMIT BYTE
0243 0278 00082 » ACRIP)
00083 ..ALL TNIONE WITH SYNC TRANSMISSION
0245 00 00084 » #00
00085 )
R 00086 . .PREFARE TO TRANSMIT ADIDNRESS
| 0246 F861 00087 L.OI A. 0CADDR)-#01
3 0248 A8 00088 FI.LO RS
Bl 0249 F803 00089 LDT #03 ..SET UP LLOOF COUNTER
0248 A 00090 FlLO RO

E=9




0240
024D
024E
0250
0251
0252
0233
0235
0256
0258
0259
025A
025C

0250
025F
0260
0261
0262
0263
0264
0266
0267
0268
0269

026E
026D
026
026F
. 0271

0272
0273
0274
0275

0276
0277
0278
0279
0278

18
na
276

20
8l
3M40
18
F807

na
0276
01

F849
AS
446
AD

4
276
Q00
20
a0
30672

F804
AF
na
0278
00

E3
65
00
ns

08
AF
Eé6
F800
F1

SR i R ) >

00091
00092
00093
00094
00095
00096
00097
00098
00029
00100
00101
00102
00103
00104
00105
00106
00107
00108
00109
00110
00111
Qo112
00113
00114
00115
00116
00117
00118
00119
00120
Q0121
00122
00123
00124
001.2%
00126
00127
00128
0012

00130
00131
00132
00133
00134

00134
00137

XAl:

XDATA:

XD1:

XEQT:

BIFHS:

BIF:

INC R8

SEF CALL .. TRANSMIT WORD
1 ACRIFHS)
» #01 ..FROM LEFT TO RIGHT

DEC RD . . DECREMENT COUNTER
GLO RO . .TEST IT

ENZ XAl ..GO FOR MORE?

INC R8 ..POINT TO LAST 7 EBITS

LDI #07

PLO RC

SEF CALL .. TRANSMIT LAST 7 BITS
+ ACBIFHS)

» #01. ..FROM LEFT TO RIGHT

..ALL DONE WITH ADDRESS
.. FREFARE TO TRANSMIT DATA

LI TRUF-1 ..8ET UF FOINTER TO AIDRESS
PLO R8

LA Ré6 .. SET UFP LLOOF COUNTER

PLO RD

INC R8 .. POINT TO RYTE

SEF CALL .. TRANSMIT IT

» ACBIFHS)

» #O0

DEC RD .. DECREMENT COUNTER

GLO RD .. TEST COUNTER

BNZ X01 .. DONE WHEN COUNTER 1S ZERO
.. DONE WITH DATA TRANSMISSION

. .FREPARE TO TRANSMIT EOT CHARACTER
LRI EOT ..SET UF TRANSMIT BYTE

FLO RF

SEF CALL .. TRANSMIT IT
»A(RBIF)

» 00

.. ALL. TIONE

SEX FC .. TURN OFF TRANSMITTER

QuT G

» 00

SEP RETURN

. BIFHS ROUTINE
.. THIS ROUTINE CONTROLS THE SERIAL 170
LOF DATA TO THE TRANSMITTER

LON R8 . ENTRY FOINT TO LOAD BYTE

PLO RF .. FROM MEMORY FOR TRANSMIGSION
SEX R4 . .FOINT TO FARAMETER

LT #00 . .LOAD A O

(8]23 COROTT WITH PARAGMETER

. RETURN TO CALLING FROGRAM




027C
27k

027F
0280
0282
0283
0284
0285
0287
0289
028A
028E
0280
028F
0291
0292
0294
0296
0297
0298
0294
029C
029E
029F
: 02A0
L- 0Z2A1
‘ 02A3
02A5

02a6

02A7

k| 0208
& 0249
02AR

2AD

024F
E 02E0
1 02E1
1 2B2

0283
r 02E4
| N2

Bogo
4.Q 4.

8F
FE
3084
8F
Fé&
AF
R4
3087
70
14
2OF
0001
3CHF
78
309K
3C94
7R
D4
ozarF
0001
%, 95
7A
2C
8C
3AA8
F808
AC
146
ns
114
O2AF
0001
3078

46
BIE
44
AE
o
E
AR

00138
00139
00140
00141
00142
00143
00144
00145
00146
00147
00148
00149
00130
001351
00152
00153
00154
00155
00156
00157
00158
00159
0014690
00161
00162
00163
00164
001635
00166
00167
00168
001469
00170
00171
00172
00173
00174
00175
00176
00177
00178
00179
00180
00181
001.82
0018%

XB1:

XB2:

XB3:

DELAY :

[il:

BZ X+4#06 . IF ZERO BRANCH
GLO RF . .NOT ZERO
SHL. .. SHIFT BITS OUT 7O LEFT
B X+404
GLLO RF
SHR . .SHIFT BITS OUT TO RIGHT
PLO RF ..STORE MODIFIED BYTE
ENF XE1 .. BRANCH IF RIT IS ZERO
EN1 X . WAIT FOR SIGNAL.
REQ ..CLEAR Q
SEF CALL ..DELAY T0O AVIODn OVERLAF
» ACDELAY)

» #0001
EN1 X . WALT FOR SIGNAL
SEQ
BR XB2

BN1 X .. WAIT FOR SIGNAL.
SEQ . . SET G
SEF CALL .. DELAY TO AVOID QVERLAF
+ ACDELAY)

» #0001
EN1L X

REQ .. CLEAR Q

DEC RC . . DECREMENT EBIT COUNTER
GLO RC . .TEST COUNTER

BNZ XE3 .. BRANCH IN NOT ZEROD
LI #08 .. RESET EIT COUNTER TO 8
FL.O RC
INC Ré .. INCREMENT RY FARAMETER
SEP RETURN
SEF CALL.
» ACTIELAY)
» #0001
ER ERIF . .LOOF AGAIN
.. DELAY ROUTINE
.. THIS ROUTINE DELAYS
. .PROGRAM EXECUTION FOR
.. (PLACE EQUATION HEWE) SEC

LDA 6. ..GET HI EYTE OF DNELAY

FHI RE

LA Ré6 . .GET LO RYTE OF DELAY
FLO RE

DEC RE .. DECREMENT COUNTER

GHI RE . .TEST HI RBYTE
BNZ D2 BRANCH IF NOY ZERO




27 BE 00184 GLO RE .. TEST LO EYTE

ggga ggco 00185 BZ(B3) . .ALL DONE IF ZERO

O2BA 3063 00186 BR 11 .. LUUF AGALN

0ZEC 8E 00187 D2: GLO RE ..KILL SOME TIME

0ZBL 8E 00188 GEERE . KILL SOME TIME

OZFE B0B3 00189 BR D1 . LODF AGALN

02C0 IS5 00190 (3L SEF RIETURN
00191, L ALL OONE WITH DELAY ROUTINE
00192 END

-A1802  Boston Systems OFFfice Version 1RB(15) [
IXMIT. OB, GXMIT. LST=6GXMLT. SRC

sumbol table

LR 0062 BIF Q278 BIPHS 0276 CALL 0004
:Co 00F 4 CFQO 0094 CTo 00K4 Di B3 : |
12 OZBC 3 0200 LELAY O2AF EOT 0004 |
SXMIT 0200 FC 0003 RETURN 0005 SYNC1 0022 |
3YNC2 00k R TBUF 0064 XAl 024cC XE1 0294 ;
32 Q29 XB3 0218 XC1 o220 XCLOCK 228 |
X1 0262 XDATA 025N XEOT 0261 |
\ |
EelZ




FLOLOC COSMAC  LNNO SOURCE LLINE

COOE Q00O CUFUC SUBROUY INE
0000 FREQUENCY TO DTGITAL CONVERSTON
00003 CUMAXIMUM SAMFLING GREQUENCY 5
00004 CREGISTER ASSIGNMENTS
FOO0F QR OU I o CLCUUNT UF O=1 TRANS LI LUNS
POOOL  ODOOS Feb b = QO U CASAMPLES LN UNE SECUNU
FOUOE QOO / M= MO b CLMEMUKY U FREVIOUS  SAMPLE
FOOOE 00008 RETM=40% | RETURN KOUTINE
FOONS  0DOOY FRAM=4#08
0201 Q0010 ORG 4201 . PROGRAM STARTS HERE
00011 L SELECT DEVICE
0201 Eé 00012 FOC: SEX Ré& CCTAKE DEVICE # FROM
0202 &5 00013 OUT % L PORAMETER LIST
00014 CUINITIALIZE REGISTERS
2C3 44 00015 LA Ré CPOINT FRAM TO
: e} 00014 FLO FSAM . DATA STORAGE AREA
= ERO0 00017 LOT #00 L ZERD COUNTER
aF 00018 FLO CNT
208 RBE 00019 FHI ONT
0209 AL OOO0 FILO MEM L ZERO SAMFLE MEMORY
02CA FEAD 00021, LDT 40 .LSET #4C8F INTO LOOF
ORCC BD 00QRe FHI REF CCCOUNTER.  THERE ARE AREF
OPLI FHAE OO0 LOT #8F . LOOPS TN ONE SECOND AT
ORCE Al Q0024 PLO FEF .2 MHZ CLOCK.
00025 CLCTHIS LOOF SAMFLES EF2 AT 19343 HZ
00026 . FOR CLOCK OF 2.476 MHWZ
OZ00O HOED 00027  LOOF: BN2 Fi .. 1F SAMPLE IS ZERO, BRANCH
0202 BE 00028 GLO  MEM CLBET FREVIOUS SAMPLE
OZTZ HADD 000729 BNZ F2 CCBRANCH TF NO O-3 TRANSITION
QPN F 00030 ING CNT L TRANSITION, INCREMENT COUNTER
02046 1K 00031 F3: ING MEM CUSET A 1IN SMARLE MEMORY
02N7 20 ON032  F4: DEC REF ..ONE LESS CYCLE TO GO
P08 90 OOOBZ GHT REF .. TEST REFERENCE, HIGH RYTE
0209 FATI0 00034 BNZ LOOF . COLLECT ANOTHER SAHFLE
YRR 30E & 00035 B ES CREF = 0 ALL DONE
Q200 B D00AG  F2: GLO MEM . .A& NOF STATEMENT
OEOE 3007 0007 B F 4
Q2EO FHOO 00038 Fi: LOT #00 CCSAMPLE IS ZERD
2E2 AE 00039 FLOMEM L ZERD SAMELE  MEMORY
Ak 00040 FLO MEM !
S EON D004, Bl F4
02k PE 00042  Fé&: GHI ONT CLSTORE FREOUENCY IN RAM
0RE7 e D004 STR FRAM . .1L.OW BYTE FIRST
ORESD 14 ODO44, NG FRAM CCFOINT TO NEXT LOCATION
0ZEY oI 00045 GLD CNT CLBET HMIGH BYTE
OREA 58 00044 GTR FRaM
ODEE 115 00047 GEF FRETN L RETURN TO CALLING FROGRAM
OO0 48 END




¥
‘L LOC COSMAC COLE L.NND SOURCE. LINE
00001 .. RANDOM NUMBER GENERATOR
0000% .. LEAVES A RANDOM NUMBER IN R(F)
$O00 4 00003 CAaLlL=R4
#0005 00004 RETN=RS
FC249 0Q00% LOADOF=$C249
#8C44 00004 RAND=F8C44 7
#COAF 00007 MFYOP=%CO4F
#C257 00008 STOROF=#CL57
02EC 00009 ORG H#2EC
0ZEC D4 00010 SEF CALL
OZED (2249 00011 s ACLOADOP)
0ZEF 8C44 00012 » ACRAND)
{ 02F1L D4 00013 SEF CALL . .MULTIFLY RY #0C3S
h 02F2 CO4F 00014 » AMMPYOR)
| 02F4 0300 00015 - ACMULT)
% 02F6 9F 00016 GHI RF .. CHOP OFF MSER
O02F7 F&7F 00017 ANIL F7F
02F9 KF 00018 FHI RF - STOPE IT
: 02FA 04 00019 SEF CALL. . .STORE NEW RANDOM NUMBER
i O0Z2FRB 257 00020 » ACSTORDF)
| 02FI1 8C44 00021 » A CRAND )
‘ 02FF IS r 00022 SEF RETN ..RETURN TO CALL FROGRAM !
0300 0C35 00023 MULT: ,#0C35 CMULTIPLIER
000249 ENII

S el it s o B e o Bt 0 b

L=14




FL LOC

0302
0302
0303
0304
0306
0307
0309
030A
030C
o3on
030E
030F
0311
0312
0313
0315
0316
0317
0318
0319
031k
031C
0310
031E
0311~
0320
0321
0322
0323
0325
0326
0327
0329

032A
032C
032D
032F
03320

COSMAC CODE

#0004
RDOOS
#O046A
FO046

98
Y
F 860
a9
F84A
ag
FB802
AL
28
08
FA3F
BF
4
0326
08
7E
7E
7E
FAO3
52

28
03
FE
Iz
Fi1
B
04
0324
20
an
3A00

s

F800
AF
F806
AC
OF

L.NNL)

00001
00002
00003
Q0004
00Q0%
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
Q0019
000z

00021
00022
00023
00024
00025
00024
00027
Q0028
00029
00030
00031
00032
00033
00034
00035
00034
00037
00038
00039
00040
00041
00042
00043
00044

SOURCE

ENCODIE :

FARITY:

LINE

L LHEFINITIONS
CALL=R4
RETURMN=RS
TBUF =64 «
TOATA=$&6467
ORG #3002
GHI RS

PHI RY

LDI A.OC(TRUF)
PLO RO
LDY A.O(TUATA) +4
PLO RS

Lo #2

FLO RI
LEC R8

I.LXIN R8

ANT $3F
FHI RF

SEF CALL

» AFARITY)
LIN R8
SHLC

SHILC

SHIL.C

ANL #3

STR R2

LEC RS

LIN RS

SHL

SHIL.

R

FHI RF

SEFP CALL

s ACFPARITY)
DEC RD

GO RD

BNZ E1

SEF RETURN
. .NOW COMES THE FARITY ROUTINE
LDI #0

FLO RF

LI #6

FLO RC

AT RE




P g e s A s b S S L B i i S DA -

0331 55 00045 STR R%
0332 9 00046 1 GHI RF
0333 F¢ 00047 SHR:
0334 3R37 00048 ENF e
0336 1F 00049 INC RF
L0337 Rl 0005 F2: PHI RF
. 0338 20 00051 LEC RC
0339 8C 00052 GLO RC
0334 3A32 00053 BNZ F1
033C g~ 00054 GLO RF
03311 6 00055 SHK
0331 33475 00054 RLF F3
0340 0% 00057 LIN R9
0341 F940 00058 ORI 440
0343 04 T g e BR F4~ ~
0345 09 00060 P3: LON Ry
0346 F9r0 0006461 ORI #C0
0348 59 00062 F4: STR Ro
0349 19 00063 INC R9
0344 I3 00064 SEF RETURN

| 00045 END

=16




FLL LOC COSMAC COLE LNND  SOURCE L INE
00001 . .UFDATE RATE SUBROUT INE
i HO OO 00002 AC= IF
R3CA0 00003 RATES=#83C 411
H3CAR 00004 RATEZ=4#8CAR
FBC4A 000045 RATE 1=58C4A
: #0005 000064 RETN=RS
: 0340 00007 ORG 34D
b 0340 E8 00008 UFDATE: SEX K&*
b 034E a7 00009 GLO R7-
i 034F FFO4 00010 SMI 404 ¢1°‘ﬂ <4
0351 3E60 00011 ENE UL bramchif RT.0
0353 K84k 00012 LDI A.O(RATER) :
0355 A8 000 1% FLO KR8
03546 72 00014 LIXA
0357 AF 00015 FLO AC
i 0358 FO 00016 (R 14
g 0359 28 00017 . DEC R
035A 73 00016 STXD
035K QI 00019 GLO AC
035C 73 00020 STXN
0350 FB00 00021 LOI #00
035F A7 00022 FILO K7
0340 F84aN 00023 Ul: LOT A.O(RATES)
03462 A3 00024 FILO K8
03463 72 ' 00025 LLIXA
0364 NI 00026 FHI AC
0345 F7 00027 6™
0346 3340 00028 BRI U2
0348 10 00029 L.IX
b 0369 AF 00030 FLO AC
036A 3070 00031, BR U3
036C 9F 00032 U2: GHI aCc
; 0360 AF 00033 FLO AC
0364E O 00034 11X
036F I 00035 FHI AC
0370 F84n 00036 U3: LOI A. OCRATEL)
0372 A8 00037 FLO R8
0373 9F 00038 GHI AC
0374 F7 00039 M
0375 33/F 00040 EOE U5
0377 9F 00041 GHI AC
0378 58 00042 STR R8
0379 FH00 00043 LI 400
0378 A7 00044 FILO R7

E=17




037C
0370
03717

0380 1

0381
0382
0384
0385
0386
0387
0333
038n
038k
038C
0380
038
0383F
0390

18
3084
i

F7
3386
9F
53
8F

3380
ar~
58
18

9F

a8
2
035

0045
000446
00047
00048
00049
00050
00051
00052
000353
00054
00055
000564
00057
00053

00059 .

000460
00061
Q0042
00063

us:

Ué:

uz:

INC

R8

BR U6

GHI
INC
&M

BIOF
GHT
STR
GLO
S

BOF
GL.O
5TR
INC
GHT
STR
SEX
SEF

=N

KF
R

ué
RE
Fe&

RF

uz
RF
k8
R
RF .
8

)
L.

RETN

ez e s el s




G

LOC  COSMAC 1.NND
CODE

FO0 04
#0004
FOOON

A B
FCREZ
#2240
#Z031
#0053
FC10G
FCA57
PO252

#COAL

FBC20C
#8040
#8BC38
#BCHE
#8234
#8C 34
FICHA

0393

0393 F834
0395 A8
03946 14
03927 C249
0399 8C2C
0398 14
039C CR62
039E 8C40
03A0 3BR4
03A2 F333
03A4 NS
03A5 L4
03A6 L2262
03A8 8(472
03AA 3RG4
03AC F83A
03AE A3

00001
00002
00003
00004
00005
00006
Q00007
00008
00009
20010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
Q0022
00023
00024
00025
Q00246
00027
00028
00029
Q0030
00031
00032
00033
00034
00035
00034
Q0037
00038
00039
00040
00041
00042
00043
00044

SOURCE LINE

.. RATE CALCULATION ROUTINE
.. ENTRY FOINTS AT CALCSR OR CALCPR
. REGISTER ASSIGNMENTS
Call.=R4

RETN=RY

MA =T

. SUBROUTINE AIQRESSES
LOADOF=#C249

COMPOF =1C262
L.OAD=#C240

SMEM=$C031

MPY=EC053

ALY =#C1L 0%
STORQFP=¢C257
LONCON=#C252
DIVOF=%#COA1

CVARIARLE AUDREESES
STAGE 1=48C2C
ALERT=48C40
SRALRT=#8C38
FLOOD=4#8C42
SRELO=k8C3A
REASE=EBC34

FAD=%3CTA

CENTRY TO CALCULATE THE STAGE RATE
ORG #393

CALCSR: LLIT A. Q(RRASE)

FLLO R8

SEF CALL

» ACLOALOF) .. LOAD STAGE

s ACSTAGEL)

SEF CALL

» A(COMPOP) .. IS IT GRAATER THAN ALERT LEVEL
» ACALERT)

BNF CAl . . BRANCH IF NO

LDI A.O(SRALRT)

FLO RS

SEF CALL

» ACCOMFOR) LIS IT D FLOOD LEVEL

» ACFLOODD

ENF CAl . .ERANCH IF NO

LI AL OCSRFLIN

.0 KR8 . CFOINT R8 TO FLOOD RATF




03AF

03R1
03R3
03R4
03RS
03B&6
03R7
0318
Q3R
03BE
03RC
O3RN
03RE
03C0
03C1
03C3
03C4
03CS
03026
03C8
03C9
03CA
03CEk
030D
03CE
0300
0302
Q303
03N5
Q307
0308
030A
03ncC
O30n
O03DE
O3DF
03E0

03E1L
03EZ
03E3
03ES
03E6
O3ES
03E9
03EA
03EC
O3ED
03EE

30R4 00045

00046
00047
8334 00048
Yz 00049
98 00050
28 BP 00051
46 00052
Al 00053
[a 00054
C24n 00055
46 00056
AD 00057
4 00058
LOZ1L 0n0=g..
14 000460
03EL 000461
a4 00042
Al 00063
14 00044
COS3 00065
81 00066
ATl 00047
4 00048
CLDS 00049
04 00070
S257 00071
acsa 00072
04 00073
S252 00074
050C 00075
04 00076
coat 00077
8CEa 00078
44 00079
Al 00080
8F 00081
6 00082
e 00083
00084
00085
00086
9F 00087
FE 00084
IREE 00089
QF Q0099
FBEF 00091
BF 00092
aF 00093
FBEE 00094
Al 00095
1F 00096
0 00097
00098

CALCPR :

CAl:

BR CAl

. .SKIF OVER OTHER ENTRY FOINT

::ENTRY TO CALCULATE THE FRECIF RATE

FILLO R8
GHI RS

SHEMA PHI MA

LI Ré
FLO MA
SEF CaAl.L
» ACL0AD)
LDA Ré
FLO MA

SEP CAlLL

S ALSMEMD, .
SEF CALL
P ACARS)
LA Ré
FLO MA
SEP Cal.l.
s ACMEPY)
GLO R&
FLO MA
SEF CALL.
SACADDL)
SEF CALL
» ACSTOROFR)
» AP ALD
SEF CALL.
» ALODCON)
» 1500
SEFP CALL
» B CDINVOF)
» AT
LUA Ré
FLO MA
GLO RF
STR RO
SEF RETN

.FOINT MaA

LDI A. O(RBASE)
.. POINT K8 TO BASE RATE

TO C

A.0AD
LPOINT MA TO D

.SUBTRACT It FROM C

. TARE. ABRSOLUTE VALUE

_FOINT MA TO E

LMULT BX(C-ID

.FOINT MA TO A

A A
LSTORE IN A
oAl 1500

LA DECIMAL MUMUVER
COIVIDE
.FOINT TO STORAGE

. STORE LLOW BYTE ONLY

.. RETURN TO CALL FROGRAM

. ARSOLUTE VALUE FROGRAM
. CREGISTER ASSIGNMENTS

ABS: GHI RE

DONE:

SHL..

BNF DONE
GHI RF
XRI HFF
FHI RF
GLO RF
XRI #FF
FLO RF
INC RF
SEF RS
END

1=20

e —————————————— I -




“f. LOC

03F2
03F2
03F3
03FS
03F7
03F8
03FA
03FC
03F I
03FF
0401
0402
0403
0404
0406
0407
0408
0409
Q040K
040C
040E

COSMAC CODE

#0004
#0005
#000D
FOOOF

#C249
FCOR2N
$C257
¥C240
FCO031
FCO4F
#CORZ
FCLOSG
#C258

FBC20
FBCLL2
BB CEA

D4
Ca4%y
8c2
114
CO20
822
14
€257
8C5C
44
Al
14
C24n
44
Al
N4
C0o31
[4
Vi g

8C3A

LLNNO

00001
00002
00003
00004
00005
00004
00007
00008
00009
00010
00011
00012
Q0013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
Q0031
00032
00033
00034
Q00035
00036
00037
00038
00039
00040
00041
000472
00043

SOURCE. L INE

.. GENERAL CALCULATION ROUTINE
.. COMPUTES G=A/ (B-C)HD-E)+F
. REGISTER ASSIGNMENTS

CALL=R4
RETN=RY
MA=RD
AC=RF

.. SUBROUTINE ADDRESSES

L.OADIOF=#C249
SHOP=$CO2L
STOROP=#(257
LOAD=3C241
SMEM=4C031
MFYOF =8CO4F
NIV=(COR7
ADDL=4C LTS
STORE=#C23K

. . VARIAERLE ADDRESSES

FMAX=#8C20
FMIN=%#8C22
FAl=E8C5A

ORG #03F2
Cal.C: SEF CAlLL
» ACL.OATIOR)
» A (FMAX).
SEF CALL:
» ACSHOR )"
» ACFMIND-
SEF CALL.
» ACSTOROF ).
» ACFATD +#02 .
LDA Ré-
FLO MA.
SEF CALL.:
» ACLOAL-
L.I'A Ré6.
FLLO MA-
SEF CALL
» ACSHEM) -
SEF CALL
»A(STOROP)
»ACFAD ).

E=21

.LOAD R
. COMPUTE E-C

.STORE RESULT

.POINT RIr TO D

..LOAD D
.FOINT RD TO E

. COMPUTE D-E
. STORE RESULT




s o S o S M B

0410 46 00044 LA Ré6-
0411 BF 00045 FHI AC-* ..LOADl A INTO AC
0412 46 00044 LDA R6-
0413 AF 00047 FLO AC -
0414 D4 00048 SEF CALL.-
0415 CO4AF 00049 » A(MPYOPR)® . .COMPUTE AX(D-E)
0417 8CSA 00050 »APADD®
0419 F85C 00051 LLDI A.O(FAD) +#02
041E Al 00052 PLO MA *
041C 14 00053 SEF CALL-
0410 COB7 00054 » ACDIV) .DIVILE RY (R-C)
041F 44 00055 LA Ré*
0420 AN 00056 FLO MA -
0421 D4 00057 SEF CALL:* .STORE INTERMEDIATE
0422 C258 00058 » ACSTORE) *
0424_46 - . Q00059— — - .LDA Ré———-- - .POINT MA-TO F--
0425 Al 00060 PLO M& °
0426 114 00061 SEP CALL -
0427 CLUS5 00062 »ACADIL ). ..ALD F
0429 44 00063 LDA R&* . .FOINT MA TO STORAGE AREA
042A Al 00064 FLO MA -
042B D4 00065 SEF CALL
042C C258 00066 » ACSTORE ). .. 8TORE RESULT
042E D% 00067 SEF RETN- .RETURN TO CALL PROGRAM
00048 END
L. LOC  COSMAC ILNNO  SOURCE L INE
CODE
00001, . .L.LONG DELAY ROUTINE
00002 . .REGISTER ASSIGNMENTS
#0004 00003 CAl.L=R4
#0005 00004 RE TN=R%
00005 .. SUBROUTINE ASSINMENTS
FOLAF 00006 DELAY=%#024F
00007 iy
0431 00008 ORG=40431
0431 46 00009 LIDELYY: LDA Ré~- . .GET FARAMETERS FROM CALL
0432 B+ 00010 FHLI RF=
0433 46 00011 LA Ré=
0434 A Q0012 FLO RF»
0435 114 00013 LUELYZ: SEF CALL” ..CALL UTHER UELAY FRUGKAM
0436 0ZAF 00014 » ACLELAY ¥ ROUTINE
0438 000/ Q0015 » #0007 ~
0430 2F 09016 LEC RF’ .DECREMENT LOOF COUNTER
043R 9F 00017 GHI RF” ..TEST IT
043C 3442 00018 ENZ LI’ . . BRANCH FOR MORE?
043E 8 00019 GLO RF*®
043F 3n3%5 00020 ENZ LIOELY2- . BRANCH FOR MORE?
0441 I 0002 SEF RETN- .. ALL DONE. . RF=0
0442 9F 00022 ILLIl: GHI RF- .. WASTE SOME TIME
0443 3035 00023 ENZ LDELYZ2- .LOOF AGAIN
00024 END
G=02




456

457

4599
4sA
453,C
45D

4s€
4s5F,0

ant2
4632

¢ T\p‘i\y\r

4 BdckeT:

Guck'i:

225D
0D
20 52

(-2 8UcCIc1

b4
<257
5C L%
bs™

Bocleek

limilden Gncane Aol o sl “punoig . J

OR6 45
SEP  CALL
yACLanosy)
yACTOATA )4tto2
SEP CALL
) A CADDCoN)
)2 S6
LOIH==
PG RD
SEXRB

BN4 Buctt
ooT1 -

Mc.,
. OAMJ @ dde

G235

1 w24

Decnc
GLO rRD
Bz BLCkl
v RO
Bl2. BLCIc2Z
oLT 2

SEP AL
JAstoecP)
,A-CT’DMA)(-#O?. .
SEP RETN

END.

J

u,aliéo.

£% -0

2e5 -0




S Q44+
b504ér)
(ol Ad2
5104463
00464
Q0445
L20 447
o0 459
L€ 0 4&H
10044C
110480
11046k
T10438F
150441
7eQ 442
1710443
10474
T1A0 478
180477
¢ 0478
TEOHFH
TFO471
57 0%7C
SLO0N7E
DLO4AF
550461
500482
10483
©1 0485
A OMS
0488

ymbo )

GIKET
1L.AG3

FOON4 00004
49005 00005
///m 00004
COBORAF 00007
PO 00008
PEOPD 00009
$6020 00010
BEHC2A 00011
PECE2 00012
$8C2 6 00013
$0447 00014
00015
3 00014
65 00017
@a 2.e 00018
14 00019
ORAF Q0020
A35E 192LE 00021
04 00022
001 00023
88 29 00024
22 00025
Da 00024
201 00027
82 29 00028
20 00029
1A 00030
02051 00031
2A 2A 00032
24 00033
FES2 OO0 34
Ad 00035
08 00034
ZOPT69 00037
14 00038
02C1 00039
S0 2R 00040
26 00041
I0889C 00042
114 00043
044% 00044
s 00045
00044

Loble

aany GOt
acne~”  FMax

CALL =14

RETN=(45 Ao
.. AINRESSES (5 Au e
LEL AY =402 AF o

FIm= 40201
FMIN=$002
FMAX:= 4802
FOTAGE=48C2
FLAG3= 8052
FFRECF=#8C26
BULKE T=#0445
ORG #04et O3S

MEASK: SEX FC
our %

, #8688

SEF CALL

» ACDELAY)
, #415C
SEP CALL

» ACFDC)

, $88

s A OCFMIND
SEF CALL

» ACFIC)

, $89

» B O(FMAX)
SEF CcALL
,ACFIC)

, 80
»A.O(FSTAGE) . .STORE RESULT AT FSTAGE
LDY A.0C(FLAG3) . . FOINT TO FLAG3

PLO RO
I.LUN R8
ENZ MEAS1
SEF* CALL
» ACFIC)

s P8R

» A. O(FFRECF)
BR MEASZ

MEASL: SEP CALL
» ACBUCKET)

MENSUR . SC.

.. TURN ON HIGH V, FAST CLOCK
. DELAY FOR WARM UP

.. MEASURE COMMON
.PLACE RESULT AT FMIN
. HEASURE V-SYSTEM
CFLACE RESULT AT FMAX

. MEASURE STAGE

.. GET FLAGE
LUSKR BUCKET IF FLAG3=1

. . MEASURE PFRECIP

.STORE RESULT AT FIFRECF
.. BRANCH OQVER BUCKET

.. NEASURE FRECIP WITH BUCKET

MEASZ: SEP RETN .RETURN TO CALL FROGRAM |
END
0V0a~ HELAY o02aF~"  FLL 02C 1
8C20 =~ FMIN 8C22 <  FPRECP  8C2¢
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