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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 repor t-
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 mode, 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:

• 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-
surnption of remote site equipment are signif icantly
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 (hydrom et) data col lection
activities.

I-1
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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.  PROJEC i’ OBJECTIVE S

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. Tne 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

• Eng ineers contract was modified in October 1978 and
the system was required to meet the Corps of Engineers
performance objective of 200 data collection platforms
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 , bu ild , and install four “ smart”
DCPs using microprocessor technology. These DCP5
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.

A f ina l  report would provide engineering documentation
that included sufficient information so that the Corps of

Engineers could d r a f t  specifications for possible fu tu re
procurement of equipment supplied under terms of this con-

tract.

I
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I I I .  DESCRIPTION OF ADAPTIVE RANDOM REPORTING

Random reporting is the transmission of sensor data from
a remote site without external t iming or control.  An understand-
ing of random reporting from remote sites requires an understand-

ing of the statistics of transmitting data through a single

channel. For such transmission three basic assumptions are made :

• performance can be defined over a finite time
(1 h r in thi s case) ;

• a sing le r emote unit  t ransmitt ing at a rate of
n times per hour is equivalent to 2 remote units
transmitting at 1/2 n times per hour;  and

• • the tempora l scattering of transmissions is suf—
ficiently random that the laws of probability are
applicable.

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

• P s ( l )  e —2tr4 (E q. 1)

where Ps(l) = the probability of successfully
receiving a g iven transmission,

t = the length of t ime of a transmission,

M = the number of transmitters operating
in the communications channe l , and

T = the average length of time between • 
-

transmission of all transmitters
operating in a channel.

I
In — i
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A few other basic equations are

Pf = 1 — Ps(1), (Eq. 2)

where Pf = the probability of failure of a given
single transmission ; and

Ps(n) = (~ — Pf)’~ (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 loa,d is here defined for each

remote site as one transmission every 30 m m .  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

111—2
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required ) to get the same amount of informat ion through the
channel . The expanded scale in Figure 2 shows what happens
in the extreme case , i . e . ,  t he slow deg radation 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 IV.

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 tabulatio’i

is an analyses of the equivalent data rate in bits per second

for a river stage and precipitation measurement station :

• Estimated
Minimum Rate Maximum Rate Average Rate

Parameter (hits/sec ) (bits/sec (hits/sec )
River Stage 0 . 0 0 2 2 2  0 .0177 0 . 0 0 6 6 7

• • (8 bits/hr) (64 bi ts/hr)  (24  bits/hr )

Precipitation 0.000555 0.0216 0.00278

(2 bits/hr) (78 bits/hr (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 1-mm time window .

• 111—4
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• T~ e fi~:st case is one in which reports are trans-
mitted every 3 hr to describe the parar~1etet ovc r
th,i t  3—h r period . Stored data are used in the
se~~~--timed mode; no stored data are assumed
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 ir. 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—time~ 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 paramet:c’~ activity that occurs when

reporting rainfall data ovar a large area . As an example,
• consider the reporting per~~~:mance from a field of 500 random

reporting transmitters distr:i~uted 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

4 ~34, “Meteorology of Flood Producing Storms in the MississippiH River Basin.” The time period covered is 48—hr (0200 CST

January 20, 1937, to 0200 CST January 22, 1937)] . Each

remote transmitter was reportinr at a rate dc~~ined by the

equation in Fi gui:~ •~ ~nd i~
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Transmissions per hour = 0.2 + i5(t~P)

where t~P incremental accumulated precipitation (in./hr ’

The num ber 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 miii. In
this case, 500 stations were supported by one channel , result-
ing in one report received for every 0.16 in.  of accumulated
rainfall.

111—9
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S

IV. SYSTEM COMPONENTS

1. SATELLITE

The Geostationary Operational Environmental  Satelli te
(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 , l05°W , and 135 °W longitude . The
satellite at 1050W is considered a spare . The most f ami l i a r
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 Uriiot~. 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
f i r s t  at 2034 .9  (upl ink)  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 downuink is a narrowband command-and-control
link that is monitored for unique command words by all remote

• 
• 

stations equipped to receive the signal. In 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 l .5-XHz-wide channels ,
which permits low—data-rate , low-power , remote communication .
The remote transmitters are characterized by 13- dB to 3- dB

antenna gains with transmission power from 5 to 40 w, respec-
tively.

Iv—’
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Figure 6 is a block diagram of the total GOES DCS. The

major components are

• the satellites;

• 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 channe l is tested at
least once per day using a test transmitter
(ten operators are scheduled to maintain the
DCS system year round) ;

• 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.

2. 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 (DCS) to a central receive site. The

Sutrori 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 .

I V—3
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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 RRJDCP 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—

raitting data , (4 )  t iming,  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 equipped with the RCA UT-S 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-S 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.

I IV— 5
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Table 1. RR/DCP FEATURES 
*

• Adaptive reporting rates based on local platform
data and user data requirements .

• 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 

~~~~ 
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 ra te , 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
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Table 2.  HARDWARE SPECIFICATIONS

DIMENSIONS: Length 10 ½ in.
Width 6 in.
Height 3½ in.

WEIGHT : ca 7 lb

CONTROLS : Microterminal data entry that execute
four self—test programs

CONNECTORS : Power and instrumentation : 12 pins
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 : l2V lead-acid battery suggested

OPERATING -25
0C to 55°C (two-day thermal time

TEMPERATUR E: constant wi th 1-in, polyurethane foam
container)

TRANSMITTER : GOES DCS compatible ;
standard : 10-watt t ransmitter  wi th 10dB

antenna

IV— 7
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2 . 2  Transmitter

The transmitter used by the RR/DCP is a 10-watt GOES

DCS compatible transmitter. A 10dB, 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

1-volt reference (capable of supplying 10 ma) is available

for instrumentation. Data are read every 8 mm 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.
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Table 3. TRANSMISSION TIMES AND FORMATS

Function Time (sec) Format

Car rier 0 .50

Clock 0.48 48 bits 1-0 pattern

MLS 0.15 15 bi ts

ID 0.31 31 bits (unique platform identifier)

Data 0.32 Byte 1 Xl B
5
B
4
B
3
B
2
B
1
B
0

Bits 0-5 Parameter 2

Byte 2 Xl B 11B10B9B8B756
Bits 6—il Parameter 2

Byte 3 Xl B
5
5
4
B
3
B
2
B1
B
0

Bits 0—5 Parameter 1

• Byte 4 Xl B11B10B9B8B786
Bits 6-11 Parameter 1

X indicates odd parity

• EOT 0.08 8 bits EOT character

TOTAL 1.84
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2.4 Microterminal

The microterininal is the control device used to set up

and test the RR/DCP. It is a hand-helc~ terminal with an

eight digit LED display and 23 keys. :nstructions are enter-
ed through the keyboard to run test programs , examine memory ,
and enter platform constants. The eight-digit display is

used to display data and test results. The microterininal 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 m w , a 10

amp—hr , 12-volt battery would last 90 days, and a 40 arnp-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 platfor a should be tested. This section gives details
on these steps. A sample setup test sheet is shown in Figure 7.
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Table 4. RR/DCP POWER CONSUMPTION

Average Consumption

Function Duty Cycle Current (ma) Power (mw )

Data Acquisition 20 ma for 4-sec every 8 mm 0.17 2

Transmission 2.0 amp for 1.86-sec every 2.1 26
twice per hour 30 m m
(1 unit load)

Continuous Microprocessor calculating 0.7 8
at slow rate

TOTAL ‘~-.3.0 36
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Oat.: - Operator:

Locatio n:

HE X ENTRIES — PROCEDURES 1

ADDRESS CONTENTS SETUP DESCRIPTION

8C62 31 Bit ID Code
8C63

SCM
8C65

8C52 00 FDC Precip.
01 Bucket

DECIMAL EN TRIES — PROCEDURES 2

ADDRESS 
- 

CONTENTS SETUP 
• 

DESC RIPTION

8C36 Base Transmission Rate x
__________________ _____________________ 

100 (Trans/hr x 100)

8C38 Alert Transmissi on Rate x
____________ _________________ _______________ 

100 (Trans/hr x 100)

8C3A Flood Transmiss ion Rat. x
• 100 (Trans /hrx 100)

8C3C Number 0-100 dependent on
_____________________- _________________________ 

stream
8C3E Precip. Multiplier
8C40 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. Leve l x 100
(in. x 100)

Figure 7. RR/DCP CHECK-OUT SHEET
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TESTINGICAUBRAT ING PROGRAMS

168$P 8~28 ___________________ Minimum Stage Leve l
170$P SC2A ____________________ Minimu m Precip . Level; Ii “1” App ears

- 
Bucket I. Selected

178SP 8C2C - Current Stag.
8C32 __________________ Current Precip.

180$P . Transmit s Valuu at 8C66
158$P 8C46 ____________ RF FWD

8C48 _______________ RF REF

I

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 35 connector mounted on the side of the DCP enclosure .
Pin assignments for 35 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 ParEmeter 2.
The 1—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 precip itation . 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 f t .  Similarly , the 0-1000 internal  range of
Parameter 2 corresponds to precipitation of 0 to 10.00 in.
with a resolution of 0.01 in .

The reference voltage supplied to the output connector is
used internally as ful l—scale reference ; there fore , 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 desi gned to calibrate instruments with
which it interfaces.  Since the position of a potentiometer is
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Table 5. PIN ASSIGNMENTS FOR J5 CONNECTOR

PIN FUNCTION

A +12 volts — battery (+ )

B no connection

C power common-battery ( — )

D tipping bucket line

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

F Vref (+1 volt lOma) instrument reference voltage

H instrument common

3 v~~(0-l volt) analog input for parameter 2

K Vref (+ 1 volt l0rn~ ) instrument re ference voltage

L instrument common

M no connection

N no connection

IV— 15
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v ,ef 0—
V,0~

~~S. COMMON 
_ _ _ _ _ _ _ _

~~~

MON

A. POTENTIOMETRIC SENSOR B. LINEAR THERMISTER NETWORK

Figure 8. TYPICAL INSTRUMENTATION SETUP

TIPP ING BUC K ET LI NE

— — — — — TIPPING BUCKET LEV ER

• 
— 

INS. COMMON

I - 1’

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-wor ld value it wil l  read
(i.e., the value at V=0). If 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 f t) , 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 instrumentat ion. 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.
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Equa tions 4 and 5 are simplified versions of the trans-
mission rate calculation equations. 

• 
-

Rate 1 = K1 + A I~ ct I (Eq. 4)

i = 1,3

Rate 2 = R
1 

+ BI~ B~ (Eq . 5)

where Rate 1, Rate 2 = trartsmission/hr (T/hr) for para-

meters 1 and 2 ,

a parameter 1 (i.e. , stages)

= parameter 2 (i.e., precipitation)

• K1 = base transmission rate (T/hr)

R
2 

= alert transmission rate (T/hr )

R
3 

= warning transmission rate (T/hr)

A ,B slope factors,

= ~-ha nge in ct*/hr (based on 16—m m sample) , and

• = change in ~*/hr (based on 8-mm sample) .

*Hourly change in a lpha and beta.

and

K1 = K1 if a is below the alert leve l

• - = R
2 

if a is below the warning level

K. = P~3 if a is above the warning leve l

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

Iv—18 
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50.0 -

fO.0 I
- Rj~~R3 • I I

O l h I t I  

1
’

~ 1
’
2 1 ~4 1

’
6 1~~ 2~

STAGE RATE OF CHANGE (ft/br)

Figure 10. TRANSMISSION RATE ADAPTS TO PARAMETER
VAR I AT IONS

IV—19

- ~~~~~~~~~~~
• - 

• 
- ---- - - --•-••- -.• ~~-~ ..•—.- ~-- - - -



- -  
•

warning level. Slope Factor A is the same in each of the

three plots. The curves i l lustrate  how the t ransmiss ion rate
- is a function of the rate of change of Parameter 1 as well as

its absolute level.

A single DCS channel is limited in the numbe r 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 on its transmission rate . Since the
values R1, 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 loa i on the

• system is definable and controllable . -

For routthe data collection programs , each platform will
be a unit lo~ on the system and a good choice for R1 will be

.25 ,which means that the RR/DCP will make at a minimum 0.25

- 

• trannrnissions per hour or one transmission every 4 hr. When
data are changing very slowly this -low data rate is satisfac-

tory. With this low base 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 pro7er value for A , then , i.3 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 algebraica~.~ly
or graphically.  The equation for the algebraic method is

LF = 7.5 /m t

which defines the Scale Factor A in terms of the base rate
R1, the expected hourly variation Aa 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 ~~ and LF=l-R1 (or 2-R1 if the desired load

• 2 2
is 2) and read the value of A . For example , if A c x = 0 .20  f t/h r
and R1 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 , R2 and R3, give
substantially incr~~ sed transm1~ sion~~as thresholds are exceeded .
If the thresholds are exceeded frequently , R2 or R3 F- wuld be

used in the load analysis to select Scale Factor A rather than
R1. When K2 and R3 ar•e large , they should be selected after

consulting Figure 13. This f i gure shows the correlation be-
tween the se lected 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

The n-t icroterminal is the primary device used to set up
and test RR/DCP . The DCP cover is removed to connect the

- 
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LOFAI(

C ROUTINE TO SOLVE LOAD FACTOR
C EQUATION FOR GOES RRDCS.
C
C RMC & TDB 6 MARCH 1979
C

XFM.9999.

ACCEPT ‘LOAD FACTOR : ‘,XLF
ACCEPT ‘BASE RATE : ‘,Rl
ACCEPT ‘RATE OF CHANGE : IIDA

LI-0
A $-0.
DO 120 K•1.2
AS•10 **(2.— K )
DO 100 I•0,9
AT•AB +AS* I

I F ( J . E Q . 0 )G O  70 100
CLF-7 .5/J
DL! -CLF-X L.F
I F ( A B S ( D L F) . L T .A BS ( X F M ) ) L I •I
IF(A BS (DLF ) .L T .A BS (XF M )  )XFM.DLF

- 

- 

100 CONTINUE

IF(LI.EQ 0)GO TO 120
IF(XF M.EQ.0 ) GO TO 200
IF(XFN. GT .0)LI .L I— 1
AB~AB +L I*ASLI~ 0

120 CONTINUE

200 tJ RITE (10,2 10 )AB .XFM

2 10 ~ ORMA r~~’’ A. ’ ,r8 .2 ,’ 4., ... .
,F7.4/)

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

functions :

• enter and display HEX rLumber ,

• enter and display decimal number ,

• calibrate a ,

• calibrate B ,

• 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 KR/DC? and the

instruments are calibrated , the DC? is ready to run . Opera-
tion of the DC? 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 f i rs t  transmission within 2 m m .

4. DEMODULATOR/BIT SYNCHRONIZER 
-

The key to the operation of-  a random reporting system is
the reduction of the transmitted message overhead time required

to t ransfer  one message word . Before now , the GOES DCS message
structure has been :

5 sec unmodulated carrier (carrier acquisition) ,
2.5 sec alternating l’s and 0’s (bit synchronization) ,

IV-25 - 
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0.15 sec frame synch word , (ML S sequence),

0.31 sec 31 bits of station ident if icat ion, da ta (ASCII
at 100 bits/sec) , - 

-

.32 sec 3 E~YP words, 
-

804 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 l’s and 0’s pattern used
by the demodulator to acquire carrier and bit synchroniza-
tion. There fore , it appears that the message length could be
most readily reduced by decreasing those times. An increase

in the data rate would also be 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 apply ing 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 funct ion * has
been rçplaced 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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(VCXO ) and the incoming signal. - Prior to frequency lock , the
predominant signal that is used to dri ve the vcxo originates
from the frequency difference detection circuit. When the

two frequencies are close (within the response time of the
phase-locked loop f i l ter)  the phase error signa l ( 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 f i l te r .  The noise frequency is
evenly distributed about the center of the f i l ter  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 di f ference 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 separation 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 Fi gure 15 , whi le the lower
part of the f i gure shows the integral of the biphase result—
ant and data that are in perfect bit synchronization over
one clock period . The integral of BØ is zero at the end of

each clock period .
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• - CLOCK ERROR DATA DECISIONS ARE BASED ON ONE SYMBOL TIME.

Figure 15. BIPHAS E DATA GENERATION AND DEMODULATION
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Fi gure 16 is an i l lustrat ion 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 th is lack of phase synch roni z ation is dete rmined by com-
bining the output of the data integral and BØ integral.

Since a key assumption is that the clock frequency is

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 :;pecifications 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- -

pu shed 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 di gital phase sh i f ter , which is proportionally driven by

j the BØ integral error signal. Previous designs use a digit~-

ally stepped 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 fol lowing:

0 .5  sec carrier only
0 .5  sec alternating l’ s and 0 ’ s (bit synchronization)
0.15 sec frame synchronization word
0.31 sec 31 bits of station identification data (ASCII

at 100 bj ts/ sec) -

0.32 sec da ta

0.08 sec EOT word

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 contrøl
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.

II

- 
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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 0JT data terminology . The value of 

-

that integral also shows the likelih ood or probabili ty 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 time 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

pari ty data which could be used to correct single bit errors
per 64-bit block or of convolutionally encoding transmitted

• V-l
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data so that bit decisions could 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 dB in equivalent
signal—to—noise performance for a net gain of 1.6 dE.

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. - -
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VI. RANDOM REPORTING TEST DEMONSTRAT ION

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 prograznrnec., 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 wa.s

increraented once and tran~mitted 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 hourly 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 i’ercent, were successfully received. Figure 18 is a

plot of 10-mm groupings of performance during the 8 December
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Table 6. SUMMARY DATA TAKEN ON 7 DECEMBER 1978

Transmitter - 
- . . N umber PercentTransmissionsIdentification Received Received

995C575E 137 87 0 .635

995C574E 122 
- 
103 0.844

995C571E 127 97 0.764

Composite 386 287 0 .144

Theoretical Probability (from Eq. 1):

—2tm -

- (Eq. l) _ 

-

S 
= e T

M = 3;

t 1.86; and

3767 
-

T = 9.76 sec for three sites or 29.28 for one site I
386

—(2) (3) (1.86) e 0 381 
= 0.683

29 .28  -P5 e 
.
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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 .
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Table 7. THEORETICAL COMPUTATIONS (FROM EQ. 1)
-2tM -
T 

-

P
8 e (Eq. 1). 

-

t = 1.86 sec -

80x60 sec
-system 476 transmissions = ‘~10 sec - 

-

T
~mit

= 3O sec - 
. 

-

M = 3

—(2) (1.86) ~~ —0 372- = e  = 0.689 -
P = .,u

S

P5 (theoretical) = 0.69

325
P5 (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. Teff = 1.7 sec +
PS = 0.71. Thi s 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 demonstration 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 algurithm coefficients . Even if the average

reporting rate is somewhat higher than expectcrd, no disaster wil l
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 equivalent system

configuration. An experimental value of probability of failure

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-

F cent, the resultant probability of success to be 90 percent.

Better channel performance can be achieved by defining the

observed throughput in terms of average-throughput per trans-

mitter. In this case , about 325 transmitters could be accommo-

- 
- Vu —i
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- 
-dated per channe l,- transmitting at an average rate of two trans-

misSions per hour. 
.

Development of adaptive random reporting , operation 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
about 78 IC’s and 240 in, 2 of circuit board area) and reduced
pow-er consumption. Power consumption required by self-timed
units is about 250 xnilliwatts and for the random reporting uni t
reporting twice per hour is about 36 milliwatts - a sevenfold
improvement. Power consumption to one-half this value is reason-

able to expect with sane further development.

1,1T . .:
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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 Adntini-

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 col1e~ tion 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~~
- 

2tPfl —

and

- 

~f1 = l — ~~-~ -

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

Sciences Corporation .

**Ibjd
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where

t = transmission time and

T = remote transmitter off time.

The probabil ity of no interference from 14 DCPs is

= (~~f )
M probability of successful reception 

- 
-

sin 1 in a field of j~ interferers

where

= probabi lity of successful reception
in a field of j~j interferers and

M = the number of interfering transmissions.

The probability of being interfered with by M DCPs is

~fm 
= = l-(Pf1)M (2t)M

where

Pfw = the probability of failure in a field
- of ,~~~ interferers.

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

~fm 
= {1- (1 - 

2t)M} fl

Now from series expansion , where a ~~~

( l_ a) M 1 - aM + 
~

— M (M-l) - CM) (M-2) .
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If N is large, then

2 2  3 3
= 1 - aM ÷ a M  a M  

+

which is the same expansion as e aM. Now substituting back

— (1 - 3
_2tM

)nfm T

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 (in suffix dropped)

Ps = 1 - Pf

or

Ps = 1 — (1 — 3 — -
~

-
~~~~ ) 

n

where

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

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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Example 1: n =  2 t =  4

14 = 100 T = 3600/2 = 1800

= i — — e
(2 X 4 X

~~~~~
) — 1800)

2

= l — ( l .-e ~~~
444 ) 2 = 1 — ( l — .64) 2

= 1 — (.36)2 = 1 — .3 2 8

Ps= .872 -

Example 2: n 3 t = 4

M = 50 T = 3600/3 = 1200

Ps = 1 — — e
_ (2X4)C50) — 1200)3

= 1 — (1 — e 333)3 = 1 — (1 — .717)~

= 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

1 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;

- - A-~5
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Figure 2. RANDOM REPORTING DCS SYSTEM THROUGHPUT
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M = 100, number of completed messages = 150, and if j~ is selected

as 150, Pf 1 = .68, and the number of completed messages is 160.

Two calculation examples are:

Example 1:

= 1 = 3—2tM/T

e 2tMh’T 
= l-Pf1

—2tN. in (1— Pf1)

M T
2t in (1 — Pf1

)

for Pf1 = .5, t = 4, T = 1200

M = — 1200 in (.5) = —150 (ln .5)

14 = —in (— .69) 104

If a large n umber of transmission samples are made then the tctal
number of received messages for a sample period is the total

number of messages transmitted times the probability of successful
reception. For this case:

MR = (.5) (104) (3) = 156

Example 2:

150, t =  4, T =  1200

Pf1 = 1 — e 2tMh/T = 1 — e 2x4x250) — 1200

Pf1 
= 1 — .368 .632

A-7 
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Total messages MR = (1 — .632) (150 x 3)

= 166

These numbers approximately agree with those picked from the
curves.

Figure 3 shows the cumulative probability of reception of a

single DCP operating m a  fixed regime three messages per hour

mode. For a system with 104 DCPs operating on a channel where

.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

complete, 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 ~~~~~~~ For

example , the coefficient will be identical if t is multiplied by

one-half and M multiplied by two.

To verif y that this equation is correct a hypothetical fixed
regime system was modeled using computer generated randor-~i numbers.

The characteristic equation for the random reporting system

is:

= i - (1 - e 2tM
~
’T)1

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 , P = 0.927
5
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n = 2, Pf1 = 0.27 Observation Time

T = 2700 sec, 
~fs 

= 0.073 = 1½ hour

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 initia l 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 (initial) = 270 NR

T . = 243 + S4 NR(intervals)

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 1 = 0.266 , Pf2 = 0.064, Pf 3 = 0.019.

A—10
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Table 1. RANDOM TFIANSMISSION TABLE

Transmiss io n No.
Failc-d UniN
Trj ns miwons No \ 1 2 3 4 5 6 7 8 9 10 11 12 13

1 15 299 576 834 1077 1373 1623 190 1 2159 2455 2736 3033 3316

2 x 0
2 118 336 G’ .R 953 12J~~ 1490 1755 2309 2292 2~~0 2823 3119 3375

4 X X >: X

3 195 433 722 -998 1214 1533 1795 2061 2323 2~~94 2833 3084 3340

1 X -

4 166 433 691 938 1231 1475 1729 1032 2276 2568 2861 3118 3390

3 X - X X

243 535 790 1053 1307 1551 1847 2111 240-3 2695 2942 3217 3510

5 x x o x 0
6 201 457 705 962 1235 1483 1757 2002 2298 2566 2609 3105 3363

7 0 X X X X X
7 172 435 678 984 1215 1465 1733 1925 2258 2514 2807 3072 3358

3 x a
8 64 329 57- 845 1132 1419 1697 1964 2241 2526 2801 308~ 3362

2 x -

- 9 245 519 794 1047 1290 1548 1842 2114 2360 2614 2903 3182 3463

6 x 0 [J 0 0 0
10 219 

- 

516 810 1056 1348 1635 1889 2181 2458 2705 3001 3255 3521

4 0 0 X 0
11 152 437 734 992 1284 1547 1834 2 118 2366 2643 2887 3170 ~-475

3 X 0 0

12 206 499 772 1058 1304 1552 1826 2103 2387 2663 2917 3191 3461

3 X 0 X
— 

13 221 506 754 1049 1315 1599 1872 2120 2382 2677 2973 3228 3491

2 0 0 -
45 No. 4 6 2 7 4 4 2 4 1 3 2 4 2

Inte r forud -

With P1, .
~ 

0.266 45

— - .~ i2 0.064
‘ 156

Rule: ~Vithin 3 Sec. I-Iav~ Inte rf ered
4 Sec . or Gr~ot cr No Inter fe renc e

X )  -
0 ~ Denot e; Trj nsmission Intcrf ,rvd r:,tI,
0’

A—il
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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 RAN DOM 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 percenL. A more

power conservative operating region is to operate at an

equi v~1ent 104 stati3n load, or about 312 messaqes 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.

— 
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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

10 14Hz intermediate frequency

Power: 0 dBm to -40 dBm

Power Supply - ±~ 
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 Hz of

channel center.

Bit synchronization time - < .5 sec wit-h
- iz:L.oming 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

B-i
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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 mi lliseconds (one clock period)
to acquire this data bit.

Line #3 — Reset line negative logic af ter acquiring the
data bit from the data line a 10 microsecond

react pulse is required to reset the interrupt

flag. -

8-2
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TABLE I. REGISTER ASSIGNMENT

INTERNAL CPU REGISTER USE FOR RR/DCP

RO -

RI -

R2 - STACK POINTER

R(3) - PROGRAM COUNTER
- PROGR~~t COUNTER FOR CALL ROUTINE
- PROGRAM COUNTER FOR RETURN ROUTINE

R(6)* - POINTER TO RETURN LOCATION AND ARGUMENTS
PASSED BY THE CALLING PROGRAM

R7 - R7.l (cycles since last transmission)
R7.O (transmission at current rate)

R8 - RAM POINTER CR8.1 must be left at 8C)

R9 - MULTIPLE USE
—

RB -

RC - II

RD - H II

RE - II II

— II H

*NOTE: THE STANDARD CALL-RETURN TECHNIQUE IS USED IN ALL
• - RR/DCP SOFTWARE .
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Table II. MEMORY MAP

MEMORY MAP - ROM

LOCATION USE

0000 EXECUTIVE PROGRAM

0145
158 UTILITY ROUTINES

1F2
0200 TRANSMITTER SUBROUTINE

0 2C0
O2Cl FREQUENCY TO DIGITAL

CONVERSION ROUTINE

0 2EB
O2EC RANDOM # GENERATOR

SUBROUTINE
0300
0302 ENCODE DATA FOR

TRANSMITTER SUB.

034A
034D UPDATE TRANSMISSION

RATES SUB.

0390
0393 CALCULATE STAGE RATE SUB.

O3EE
03F2 GENERAL CALCULATION
. SUBROUTINE

042E

_ _ _ _ _ _ _ _ _ _ _ _ _ _  
~~~~~

- -. 
~~~~~~~~~~~ 4
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Table II. MEMORY MAP (CONT.)

LOCATION USE
0431 DELAY SUBROUTINE

0444
0447 READ TIPPING BUCKET

INTERFACE
SUBROUTINE

0460
0447 CONTROL INSTRUMENT

INTERFACE
SUBROUTINE

0488
0491 PART OF DECIMAL

DISPLAY PROGRAM

04C1
04C3 UTILITY ROUTINES CONT’D.

04F3
0500 DECIMAL DISPLAY

• PROGRAM

05 FE
C000 RCA MATH ROM

C3FF
8000 RCA UTILITY ROIl
• UTS

— 81FF

~~~~~~~~~~~~~~~~~~~ 
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Table II. ~~~~L~ Y 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 (p2) INPUT (Hz)
8C28 - STAGE (P1) MINIMUM VALUE (Ft x 100)
8C2A PRECIP (P2) MINIMUM VALUE (in x 100)
8C2C CURRENT STAGE (P1) (Ft x 100)
8C2E STAGE (P1) 8 mm ago (Ft x 100)
8C30 STAGE (P1) 16 mm ago (Ft x 100)
8C32 CURRENT PRECIP (P2) (in x 100) (0-4000)
8C34 PRECIP (P2) 8 mm ago *jn x 100) (0—1000)
8C36 Ri , BASE TRANSMISSION RATE (T/Hr x 100)
8C38 R2 , ALERT TRANSMISSION RATE (T/Hr x 100)
8C3A R3 , FLOOD TRANSMISSION RATE (T/Hr x 100)
8C3C A , STAGE (P1) SLOPE FACTOR (0-100)
8C3E B , PRECIP (P2) SLOPE FACTOR (0- 100)
8C40 ALE RT LEVEL (Ft x 100)
8C42 FLOOD LEVEL (Ft x 100)
8C44 RANDOM #
8046 TRANSMITTER RF FOREWARD POWER (v x 100)
8C48 TRANSMITTER RF REFLECTED POWER Cv x 100)
8C4A CURRENT TRANSMISSION RATE
8C4B BACKUP RATE
8C4C BACKUP RATE
8C4D RATE COMPUTED FROM P1
8C4E RATE COMPUTED FROM P2
8C4F NOT USED
8C50 - TEST
8C51 TEST
£C52 PARAMETER 2 SELECT: BUCKET OP. FREQUENCY
8C53
8C54
8C5 S
8C 56

• 8C57 NOT USED
8C58 NOT USED
8C59
8C5A USED AS SCRATCH PAD AND FOR BINARY

DECIMAL CONVERSION

8C6 1

— - ——- -- - - --- •--- ---- - -
~~~~~~~~~~~~
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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
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Table III. EPROM CHIP 1

?tiO :1 0()
0000 C081 08FF FEF 8 8CB8 F8 00 ~ 7F8 LEB 7 F8~jO;0010 ~ 8F8 0158 18F8 0058 F844 A8F 8 00~5O 1GEB;
0020 0558 F84A ~ 3E8 FF58 1853 1858 F068 c~~8F 8;

0030 0058 1858 3050 FFFF E F E F  FFFF FFFF FFFF ;
0040 FEFF  FFFF FFEF FFFF FFFF EFEF FFEE FEEF;

0050 F851 A808 3A~i4 F801. 58D4 C249 BC2E t’4C2;
0060 SBD4 C24L 1 t~4C2 5F~D4 C249 8C2C ri4C2 5F~ti4;0070 0465 E365 00t14 03F2 2422 0-~~) 6623 2CF8;
0080 52A8 083A 91t’4 031-2 2622 03E8 68~ A 32~0;
0090 9BD4 C249 8C68 r’4C2 576C 32F8 54~8 0832;OOAO ASF8 0058 D5F8 50A8 0332 C1F8 0058 rI-4C2;
OOBO 498C 2C114 C2SE’ t 14C2 S B D 4  C24 9 8C32 114C2;
OOCO 5BD4 0393 2030 3C4t1 £1403 B132 343E 4E D4 ;
OOt’ O 034t’ 30t1C F800 581~’4 0431 009A EBF8 4Ai~8;
OOEO 97FC 01B7 F7CB 0139 F800 B717 :i4o2 E:c9F;
OOFO FAOF BF E’4 0435 £1404 65D4 03F2 2422 0F~~O
- ?M100 100
0100 6628 5(IF8 52A8 O8CA 0114 t1403 F2 26  2203 ;
0 110 E868 2ASA £1403 021r4 0200 0604 F853 ABOB;
0120 3226 F800 581)5 D4C2 4980 449F FAcE BFE14;
0130 COOt’ OFEF £1404 3530 3ED4 0431 1or’ -~ 1)404 ;
0140 3110 E3CO 0050 FFFF FFFF EFE F 1 - F E E  FFFF ;
0150 EFFF FEFF FFFF FFFF F80 .L 83F8 96A~ £I3F~~;0160 F804 B3F8 FEA 3 t’3FF F804 B3F8 t :6A3 tI3FF;
0170 F801 B3F8 COA3 tI3FF F80-4 B3F8 C3A 3 D 3F F ;
0180 F801 B3F8 88A3 t3FF F8BC B$F8 53~~8 F 8Cl ;
0190 581)4 0114 30Bt’ t’402 C 1t4E 2EtI 4 0201 BF3O ;
O:LAO 1)404 651)4 03F2 2E2? 0E8 46SF SFt’4 03F~~
011)0 3022 03E8 48SF SFF8 46(~8 E365 OOCO 0~~)3;
O 1CO F852 A8FS 8CBG 0832 EOFG 6 1AF 98BF EFFB;
011)0 0173 F880 737-3 7373 7373 5Ft14 8160 30DB ;
O1EO £1404 65114 03F 2 2226 03E8 6632 2AF$ 2A AG ;
O 1FO COOS 03FF FFFF EFEF  F EF F FE FF FFEF EFEF

-S
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Table IV. EPROM CHIP 2

~ C
- ii~ Q0 100
0200 £365 881)4 O2AF 1921’ E365 98C4 C4C4 F88C;
0210 1)004 041)4 O2AF 324E 7AC4 341A 3010 0404;
0220 £1402 A FOO 0130 2578 46At I 1808 ACF0 AAAE ;
0230 [‘402 7800 21)81’ 3A2Ei F822 AFE’ 4 0278 00F8;
0240 EBAF 1)402 7800 F861 A8FG 03AD 1811 4 0276;
0250 0121’ 0113A 4C18 F807 ACD4 0276 01F3 69A8;
0260 46A1’ 181)4 0276 0021) 8tI3A 62F8 O4AF t’402;
0270 7800 E365 001)5 OOAF E6FG OOF1 3282 OFFE;
0280 3084 8FF6 AF3B 943C 877A £1402 AFOO 0130;
0290 BF7B 309F 3C94 71)114 O2AF 0001 ~~9C 7A2C,
02A0 BC3A ASF8 O8AC 161)5 £1402 AFOO 0130 7846;
0280 BE46 AE2E 9E3A BC8E 32C0 301)3 ‘3030 301)3;
02C0 t’5E6 6546 A8F8 OOAF BFAE FB4C 1)DF8 BEAt ’ ;
0 2110 3t I E O 8E3A lI tt lE  1E21) 9113A 11030 E6BE 301’7;
0200 F800 AEAE 301s7 9F58 188F 381’S £1402 4980;
02F0 44 1)4 CO4F 0300 91FA 7FBF t t4 C2 5730 44115
• ?M3OC) 1.00
0300 0C35 981)9 186A A9E8 6AAB F802 AD2 $ 08F A ;
0310 3FBF £1403 2A013 7E7E 7EFA 0352 2803 FEFE;
0320 F1BF 11403 •~A2 D ‘3L13A ODDS F800 AFF3 O6A C ;

03S0 9F59 9FF~ 31)37 1FBF 2080 3A32 8FF6 3345;
06 40 09F9 4030 4809 F9CO 5919 LISEE FEE3 87FF ;
0350 0431) 60F8 4BA8 72A1 F028 7381 73F8 OOA7 ;
0360 F$4D A872 BFF7 3360 lOAF 3070 9FAF FOBE ;
0T~ 7() F84A AE39F F733 7F9F 58F8 00A7 1830 8~~9F;
03O -~ 10~ 7 3336 9F 53 $~~~:/  338C 8F53 189F 5F3E2;
0390 1)51- F FH--8 36i’i8 £141.2 4980 ~ CI.l4 1.262 81.40;
03A0 31)1)4 1838 A8t’4 C262 8042 331)4 F83A A830;
031)0 B4F8 36A3 9881, 46A1’ 11402 411-46 AEID 4 0031;
03C0 [‘403 E146 At1L14 C053 OSAD 11401 [151)4 0257;
03110 8CSA [ ‘402 5203 [‘01)4 COAl 8CSA 46A1’ SF51);
03E0 D59F FE3B EE9F E8FF t -’FGF FBFF A F1F [ ‘SF1);

0310 FIIFF [1402 498C 201)4 0021’ 8022 £1402 5780

4- 
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Table V. EPROM CHIP 3

?M-400 100
(>400 5C46 411t14 0241) 4641’ [‘400 311)4 C257 8C3~~;
0410 46 1W 464F [‘400 4FBC SAFB SCAt ’ [‘400 1)746 ;
0420 41)114 0251) 4641) t I4 Ci  [‘346 ADt ’4 025 1) 1:500;
0430 0046 8F46 AFI’4 024F 0007 2F9F 3442 SF34 ;
0440 351)5 9F3A 35114 6249 8063 1)401 EBOl 00F8;
0450 FF41) EG3F 51)61 2181) 3251) 2I:~3o S362 ti4C2;
0460 5780 681)5 FF03 6528 [‘402 AFI9 21)114 0201;
0470 2822 11402 0129 ~ 0ti 4 02C1. 2424 F852 4308;
0480 3489 [‘402 0121) 2630 80114 0443 [‘3FF FFFF ;
0490 FF30 4894 I)4F8 2244 6044 F332 4484 FF36;
0440 3349 3099 84FF 2364 D5F8 001)4 [‘SF0 6141;
0480 EFF8 1073 7373 7373 F880 7373 F80J) 73C0;
04C0 031)1 OOFB 8CBB F854 A8F8 0158 11400 6FF8;
04110 2048 COO S 03FF [‘404 63114 03F2 2224 OFA O ;
04E0 6620 213F8 2848 COOS 03FF FFFF FFFF FFFF ;
0-4F0 FFFF FFFF FFFF FFEF  FFFF F F F F  EFEF 36FE
- ?ft-~OO :100
0500 F820 68F8 801)8 BFEF 1861 AF8~:) FAOF F910;
0510 7383 F6F6 F6F6 F9 10 73F8 0073 EB OS 73F8;
0520 8073 7373 F8OA 5FF8 SAAE L:~48 1 oCF8 (:184;

-S 0530 £1404 9~~F0 6 1AF 9432 21:IFo 3227 F1) 1232;
0540 530F 2FSF 1F84 F9 3. O SFF8 SAA F [‘481 6C36;
0350 4030 272F 4FFE FE:F E FE52 OFFA OFF 1 4836;
0560 SFF8 0047 8841’ 981)1) [:402 4L’1’4 C30~ SCSC;
0570 06 1)4 0252 OCSC 0F52 F880 SF2 1- 5F2F 02SF ;
051)0 11 481. 6CFS 01 1)4 [‘404 9194 3283 F632 3064 ;
•~590 FP1 2  ~~~r,T:, 8~ FB 1034 4237 3490 1738 2767 ;
0540 CAO4 41)87 32SF 8AFB 01)34 414;\ SF30 1(186;
051)0 FBOtI 341)13 84SF 301)1 F804 ALIF8 5EAF OF2F;
0500 SF2 11 01)32 C9 1F 1F30 BO lE  84F9 10SF F851:’;
osi:~o A FF8 SAAF [‘481 6036 [‘430 80F8 546E OF ir ;
0500 1.ESF [‘402 9F8C 5006 913131) BeAr’ t’4C2 51)18;
OSFO 1836 1 130 03FF FFFF FI:FF FFFF FFFF FFFF

~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
~~ . ——— — - ———S -~ -- - ---- - —-——•—~~—-

------ - - — 5—-



IT ~~~~~~~~~~~~~~~~~ 
______________________________

Table VI. RCA MATH ROM

?M0000 :1.00
0000 90 40 9FBE 801W GFA E 9F6F 8031 [‘586 41)96;
C0 :L0 81116 1630 1946 1)1146 4001:’ 9FF3 5211’ BFF 5 ;
0020 AF2t I  91:-75 13F02 FE313 2C9F F3FE [‘546 1) 1)46;
0030 AIlED 9FF6 529F F3FA 8002 F452 11)01’ ‘3EF7;
0040 AF2EI 9F77 13FE2 FOFE 31)40 529F F3FE [‘5-46 ;
CO5O BD46 ALl Ot’ 9FF3 F480 BCFB 1040 F800 BE A E ;
0060 2C9F F6BF 8F76 AF9E 31)76 lt ’GC 3479 BEF7 ;
C070 402 1) 9E77 BE9 C FE3O 8380 F4 A E 21190 74 1)0;
C080 CFFO FE9E : 76BE 8076 6031) BF9F F980 BF8C ;
0090 3460 9FFE 8007 FBFF 3490 9EC7 FBFF FCF F ;
0040 [‘546 1) 1)46 AI lED 9FFE F800 C7FG FF80 604 1) ;
COBO F12t1 FD00 31)1)7 1)590 BC8E ACFE AE9E 7EBE;
COCO 9FFE 3361) 8034 CE9C FB4O 32117 3810 9CFA ;
001)0 COED OOFE C3C1 56~?C EDF 3 FElt’ 8033 E6F7 ;
COEO 402 1) 9077 3OEB F4 AE 2t’9E 74 1)0 9CFE CBCO ;
COFO F 9 E  F 1)FF 1)080 FBFF 40 10 9EC2 0103 FE33
- ?MC1.OO :1 00
C 1O() 51)30 548E FCFE 3356 FBFF 3639 9CEA 8032;
0110 54E4 3356 lt ’BF F4 AE 2D9F 74 1)0 it I F O F62t 11

— C120 9067 FC8O BEFE 9CFA 8034 2F3B 5-430 S033;
C130 5690 3451) 3032 5430 5890 F3FE 3314 9CFE;
0140 3354 1IIFO 21’F6 8F3A 5[:9F 3350 3234 3051);
C150 FB8O 3451) FF00 961)0 8CAE D59C 1)080 AE9 E ;
0160 FEES 90C7 F85() 4080 FEAE 9E7E BOSE FEAF;
0170 9F7E BF3B 761E 011CC F:3FE 11180 31)85 F 7A E ;
rieo 2r190 7)’3() 84F4 61-fr’ 91-74 1*- ~C ~fl 4 7r3’
6:190 94 J r  F980 6~~FA 3134 6733 1)033 1FF3 FElt ’ ;
0 140 8033 .AAF 4 AE 2L I 9E74 3OAF F7AE 2 190 7mE: ;
0180 9034 B6BE 3201 80FF: FE9E CFFB 8010 303 1);
C 1CO 9CFO FE3B DOOF F 1)FF AF 9F FBFF DE l l  F000;
011)0 [1546 1)1)46 AllOt) 9FF3 EBSO 5210 8FF4 4F2[I ;
0100 9F74 8F02 FE3B EA9F F 3F E  [‘586 41196 1)616;
C:l FO 1630 [‘592 1)1182 41:111’ i t u l D  301)5 9281’ 8261’

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table VI. RCA MATH ROM (CONT. )

0200 it ’ll)  0201’ 7321’ 01173 9151’ OF1I : 3~~2~ [IS-3D;
0210 0273 91152 921111 8241) 221.1! it t itI 8073 9073;
C220 01173 21:01’ 739C SLt i ti 8051’ [‘512 9 2 t D  8241:;
0230 1011’ it’ll’ 1EI 1L’ 4L ’BC OltAC 21142 3111) 4251);
‘:2240 42130 4240 4231’ 0241) 115-4 6 1) 1)46 41)4 1) 1)141:;
0250 AFt’S 46BF 466F 1:1546 1)1146 6091 51111) 8F5r ’~
C260 ir’t’s 461)11 4641 1 E:t’9F F3FA 8036 769F 1736,
0270 7711’ 8FF? 21138 F4E l S 1616 t’59F FE9F 3678;
0280 8F32 7630 78FF 0008 F000 1292 BE’82 61)11’;
0290 1tu38 9841’ BF OD AF2E ’ 4251) 11102 51111) 11546;
02.40 1)446 6446 FF01 ABFB 0041 :OFOA FBOD 1)814;
0280 E206 FAOF 52 8F F4AF 9F7C 001W 33EF 21)81);
C2CO 32F0 SEFE 739F 7073 3301’ 1802 528F FEAF;
C2110 9F7E 8F33 01)02 32.DC FF01 30CC 129F F4BF;
C200 33EE 128F F4AF 9F7C OOBF 3BAF C812 12t1S;
0210 9FFC ‘3034 FC8F 36FC 91)FC FFEiS 33FB 9B3A
• ?M0300 100
C300 090F Ft’00 ~~ 9E 7000 01115 46 1)4 4~-AA 46FF ;
C310 0161) BBF8 0161’ 9FFE FH05 31)2~ 8111’ OOA F ;
C320 9F7t~ 001)1 FBOtI C; 3F 8 0054 81)32 321. 4 2 1)30;
0330 27E2 9~’AB 8FFE 6F9F 701- 7 047C 0054 81)34;
C340 42t15 O(~7E 54FF 0633 4454 2621) 833( 4233;
0350 41211 91)52 84F4 6494 7000 1143() 32113 E~~i6;0360 7386 7393 1)683 6646 1)346 6330 51)113 961)3;
0370 8643 0212 7266 F01)6 3060 0000 0000 0000.
03130 0000 0000 0000 0000 0000 ~~O0 O0iO 0000;

— - - 0390 0000 0C~j0 OuO() 0000 0000 000() QOCO 0000;
0340 0000 0000 0000 0000 000-’) 0000 0000 0000;
031)0 0000 0000 0000 0000 0000 0000 0000 0000;
0300 0000 0000 0000 0000 0000 0000 0000 0000;
0311 0 0000 0000 0000 0000 0000 0000 0000 0000,— 0300 0000 0000 0000 0000 0000 0000 0000 0000;
C3FO 0000 0000 0000 0000 00(0  0000 0000 0000

-
-
-
-

~

—

~

-
-

-

~

- - - —

~
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Table VII. RCA IJT-5 ROM

- :e1~~ )O() 100
8000 7100 0203 0405 0607 080 - ) 04013 0001’ 0001;
8010 O1FS 801)3 FOFE 4300 810E~ FUO0 4794 141’F8;
8020 8048 0222 228 11 5247 FA 0E FC36 41,4 1’ 1) 1)64;
13030 8CFA 0132 3F8B FAOF 3644 9 1)FA 1)130 4580;
8040 FAFC 3234 91)52 63114 8147 0363 FF 12 87FF;
8050 063B 541’S 8316 40F4 F334 2330 40114 8014;
13060 3651’ [‘480 1.480 Ft ;01 326 1) [‘480 11330 62114;
8070 8014 94 1)4 F822 6460 44F3 3283 84FF 3633;
8080 St’30 7884 FF23 4416 F034 90114 8090 3051’;
8090 BA FA OFFC 9446 931)4 4443 F F 0  F6FE I3CFA ;
8060 0132 E59F FEFE 1:010 5281 F6F6 F6F6 F 1BF;
801)0 8FFE FEFE FE52 8611 6118 0067 9FF6 F6F6;
8000 F657 179F FAOF 5717 13FF6 F6F6 1657 178F;
80110 FAOF 574F 6021 F804 4780 F6F6 F 6 F 6  5717;
30F 0 GD- A OF~57 1)581- rI- IL F 01— r 5234 I i AE 30r’6~80F0 9FBO 8F40 00110 80SF 1138 1CCO 8102 FF300
• ?M03 100 :1 00
8100 BFAF [‘480 B9CO 8051’ F000 1)318 0543 1881;
8 1 1 0  1 )41 ) 5  FF304  6418 F 46 5  FF 380  321 )7  E 1 F  424C;
8120 021)3 0480 8081 404 0 4120 2021 1E 1O 1. 106;
0130 0804 0209 O1OC 4471’ 0.151 785 4251:1 4050;
8140 41362 C661 0204 FFFC 2061’ 2081’ 3446 [‘SF8;
8130 81113 F858 63C0 8100 F800 BI:AF 1FFG 8048;
8160 [‘480 1391:4 8014 2888 3663 305C F’):30 A E F G ;
131 70 81131: OFFA 8034 9722 2280 520F FA OF 1036;
13 ) 130 41)4 1’ BE OF FA1 O 32130 9EFA ?FBE 6490 5263;
13190 £1481 4703 63FF E21F 8016 A~~3A 722F 2F2F ;
8140 2F2F 2E2F 211’S F813C 13F18 OQAF 9416 F6F6;
13 :11)0 F6SF 1F94 FAOF SF1 1 96F6 F6F6 F6SF 1F84;
8100 F4OF 5FJ. F 91)16 F6F6 F6SF 1F911 FAOF 5111;
01110 S1)F.: 1616 16SF 11813 FAOF SEFO OOAF [148 1;
13100 601:5 00113 0296 7386 7393 B . 83 4646 11346;
81F0 4330 E3L’ 3 961)3 8663 0212 7266 FOE: 6 3013

_____________-
-
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Table VIII. RAM

?~18’.200 :1. o()
13000 0000 0000 OC OO 0000 0000 0000 0000 0000;
13010 0000 0000 0000 0000 0000 7102 4301 0407;
8C20 1930 0000 :1.303 t 4 FA  0000 0000 0056 0C5~~;8030 0056 0341 0341 0000 0000 0000 0000 0000;
8040 0000 0000 31109 0000 0000 t~Cr:C I:CIIC 1,000;
13050 0001 0000 0000 0000 0000 Q34~: 1930 0000;
8060 0010 0000 0000 0056 0340 4000 11611 0000;
8C70 0000 0000 0000 0000 0000 0000 0000 0000;
13080 0000 0000 0000 0000 0000 0000 0000 0000;
13090 0000 0000 0000 0000 0000 0000 0000 0000;
8060 0000 0000 0000 0000 0000 0000 0000 000’);
0080 0000 0000 0000 0000 0000 0000 0000 0000;
8000 000() 0000 0000 0000 0000 0000 0000 0000;
13CD0 0000 0000 0000 0000 0000 0000 0000 0000;
13000 0000 0000 0000 0000 0000 0000 0000 0000;
8CF 0 0000 0000 0000 OOC- 0 0000 0000 00L~0 0000

-~~ 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~



C START )Figure Cl

EXECUTIVE PROCRAJI
FLOWCHART

INITIALI ZE

INITiALIZE

- PROGRAM RETURNS TO THIS
POINT EVERY FEW MINUTES

GET FLAG 2

FLAC2=0 NO XECr 
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

(~~ART FOR ____________________

OF MEA SURE~~J _____________________

COLLECT NEW DATA
STAGE 1

TURN OFF FAST
CLOCK ETC.

— - ~~~. ~~~~~ . - - -—-
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Figur e Cl _____________________

EXECUTIVE PROGRAM I CALCULATE
FI.OWCHART STAGE RATE
(CONT’D) L_ PRECIP RATE

EXEC 
________________________

2 UPDATE
RATES

SET FLAC2 TO 0 

—

~~~~~
DELAY TO MAK E EXEC

L _ PATHS. EQUAL

GET LOOP COUNTER AND RATEI CONTAINS NUMBER OF CYCLF.S

L INC , R7.1—RATE1 BETWEEN TR ANSM tS~ IONS. 117 .~
_________________________ CONTAINS LOOt’S WITHfl12~

’ TRA NS—

1 MISSIONS

YES
KR7.1-

7~~~~~~~~~~~~~~

NO

RESET LOOP COUNTER I
INC TRANSMIT COu NTER

L _ __ _ _ _

GENERATE
12—BIT RAND(T~ II

-
~~~~ I

___-I____

RANDOM DELAY

-ii 

~~~~~~. 
.
~~~~~~~~ ~~~~
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CALCULATE STAGE IN FEET

Figure Cl

EXECUTIVE PROGRAM
FLOWCHART
(CONT’ 11)

FLAG3’~O 
NO 

US ING BUCKET

YES

CALCULATE PRECIP F LOAD ACCUMULATOR
IN FEET 

[VALUE TO PRECIPI

YES RETURN

/
/ FIRST LOOP 

N

.FLAG 1.~-’1 -

- 

~~YES g
O÷FLACI INITIALIZATIO N NECESSARY

COPY STAGE 1-~2 ,3 J FOR RATE CALCULAT I ON S
PRECIP 1÷PRECIP 2

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~~~~ 
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I
I CALCULATE STAGE

Figure Cl L STORE AT TDATA

EXEC1J~IVE PROGRAM
FLOWCHART
(CONT ’D) 

-

F LAG3=O NO

- 
YES

CALCULAT E PRECIP
STORE AT TDATA

EC 1

FLAG4=O NO
O÷FLAG4 ETUR

YES

ENCOD E DATA

-

t - 

- 

_ _ _ _

TRANSMIT DATA

USE UP
REMAINDER OF
RANDOM DELAY 

--- -



I Figure Cl

DELAY ~~~~~~~~~~~~ EXECUTIVE PROGRAM-
NO TRANS WAS MADE I EXEC ) FLOWCHART

(CONT ’D)

XEC DELAy TO CREATE
4 MIN CYCLE TIME

EXEC
1
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(I START ~II)
Figure C2 

-

TRANSMITTER SUBROUTINE TUR}~ ON FAST CLOCK
50.0 MHz

[ 

DELAY 1/4 SEC

RESET OUTPUT , TURN1
TRANSMITTER POWER ON__J

• DElAY FOR 1/2 SEC

I
WAIT FOR EP 1—0
WAIT FOR EP1’ l

SET OUTPUT LATCH
Note: Transmitter program
t akes encoded data at TBIJF ______________________

and transmits it.
SET UP

To use the program, LOOP COUNTER
execute: BIT COUNTER

SEP CALL
A(CXMIT)
,#06 — -

(6x8 clock
hi ts) 

________________________

,#04
(04 byte. SET UP CLOCK BYTEdata) TRANSMIT IT

DECREMENT COUNTER

NO COUNTER-O YES i~cII~.II~

- -

- — ~~~~~~ — •
.
~r-



I
PREPARE TO TRANSMIT MLS

Figure C2

TP~~SMfl1ER SUBROUTINE
(Cowr’D)

SEND MLS 2 BYTES

— —

PREPARE TO SEND ID
LOAD LOOP COUNTER .

H
SEND BYTE

LEFT TO RIGHT

CTR— O

SEND LAST
7 BITS OF ID

PREPARE TO SEND DATA
SET UP BYTE COUNTER

L ~~~~~~~



t
_ _ _ _ _

Figure C2 POINT TO B~’(TB

TRANSMITTER SUBROUTINE 
—_______

(CCNT ’D)

TRANSMIT IT

DECREMENT COUNTER

. 

COUNTER—O NO

L__TRAN SMIT ~~~ J
TURN EVERYTHING OFF

L RETURN 
~~)

—I



(~~~START 
~)TO USE EXECUTE

SEP CALL
,A(RND)

LOAD — SEED SETUP IN INITIALIZATION
CURRENT RANDOM ~ 

— KEEP IN RAM

Equations: R +i K Rn Mod2’~

K 5~—3125
(add power of 5 MULTIPLY PRODUCES 32—BIT RESULT
lees than 215 BY
32768) K—#0C35

N — 1 5 — 15-bi t
random #

2~~
2 — period — 8192

GET 15 LSB OF PRODUCT
seed (an odd number)

STORE AS NEW RANDOM 9

~~J~ETURN

ii

Figure C3. RANDOM NUMBER GENERATOR SUB ROUTINE

I - 1

L..
.- .~~~~~

. - 
-—



L START)~~~~~

Figure C4

FDC SUBROUTINE SELECT DEVICE

TO USE, EXECUTE:

SEP CALL

:A.O(DEVICE) 
SETUP REGISTERS

,A.O(RM1STORAGE)

EF— 0 YES

NO

PREVIOU S YES
VALUE 1 NI PS

NO

OUNT A 0/ 1 TRANSITION

‘DECREMENT LOOP COUNTER

- 

NO CTR~O
GET STORA~E LOCATION

RETU RN

_ _

— -. 
- 

.
~~~~~~

_— -——



(
~ START I)

Figure C5 
_______________________

ENCODER ROUTINE POINT REGISTER TO
TRANSMIT BUFFER +4 R9POINT REGISTER TO

TRANSMIT DATA
R8

SUBROUTINE TAXES DATA LOCATED 
IAT TDATA. STARTS AT BOTTOM 

____________________

,Wagc3w

AND FORMATS IT, STORES IT IN
TBUF SET LOOP COUNTER TO 2 RD 0

D (6—BITS BINARY)
PARITY

61 SB PRECIP — TBUF
6 ~~ B PEECIP — TBUT+1 POINT TO NEXT DATA BYTE 8 LSB OF DATA6 LSB STAGE - TBUS+2 TO ENCODE R8—1
6 MSB STAGE - TBUF +3

CALL SEQUENCE GET BYTESEP CALL CLEAR BITS 6 ,7 cuoi~ DOWN TO SIX BITS• A(ENCODE)
4 TEMPORARILY STORE IT

FOR PARITY ROUTINE RF .1

_______________ 1 ________________
. 1

FIX PARITY AND STORE
ENCODED DATA

GET BYTE , ROTATE TO GET 8 LSBSAVE BITS 6,7 ONLY SAVE BITS 6,7 AS 0,1PUSH ON STACK
TEMPORAR ILY

1
GET NEXT BYTE RB-i CREATE BYTE WITH BITS 6-12

(AXE ROOM FOR TWO BITS

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
• -~~~~~~~~~~~~~~~~~~~~~~~~

I -



Figure CS 
_______________________ 

•ENCODER ROUTINE 
FIX PARITY(CCNT ’D) 

STORE IN TBUP

DECREMENT
LOOP COUNTER

NO COUNTER—O1

YES
RETURN



START ~D

Pigure C6 1 1
I AFFECTS

RATE UPDATE ROUTINE I GET TR.ANSMISSI ON RF • 1 ,MI N
L COUNTER 127.0 RF.O MAX

<:I
~
>i-

. 127.0
RATE 1

NOTE: MIN VALUE GIVES MAX RATE2
NUMBER OF TRANSMISSIC*~S 

RATE3

RAVE THER
TO EXECUTE : BEEN 4 TRANS . NO •

T CURRENT EAT
SEP CALL
,A(UPDATE)

YES

UPDATE RATE
RATE2+RATEI
RATE3+RATE2

0-’127.O

GET RATES
1 ASSUME MIN IN RF. 1

POINT TO RATEP
SUBTRACT RATES—RATEP

RATES<RATEP NO
RATES+RP .0
RATES+RF. 1

YES

___ -



RATEP9I4AX 4

Figure C6

RATE ROUTIN E
(CONT ’ D)

POINT TO RATE1
MIN-RATE1

• MIN<RATE1 NO

, 1 
. YES

MIN-’RATEI. MIN—RATE20+127.0

r~~~~~
1 

~~~~~~~~~~~~:: N0

• MIN+RATE2

[ MAX—RATE2 

•



- 
Figure C6

RATE UPDATE ROUTINE
• (CONT’D) MAX< RATE2 

N

YES

• MAX+RATE2

MIN÷RATE3

RETURN

L 
- 
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•
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Figure C7

RATE CALCULATION SUBROiY~~NE 20 NUV 76
ISO 0/

~ {‘~~ ‘~~‘

E A~ is

i~

CALL St~~~~~J(~~ t~ C~~L~~UL~~~~ ~~~~~~~ ~2AT~ ~~~~~~~~~

c~~ •st,_p CA L(

- ) A C C C ~~.
’) 16 C Lcs~~

) O (srP~CC.Cf~

)A I O (~~)

~A O C ~ & N ~~)
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I
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GENERAL CALCULATION SUBROUTINE
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UTILITY ROUTINE TO ENTER DECIMAL NUMBERS/READ MEMORY

l-ltl Sd ( Zt !

t. . ~ C iO(

~~~~~~~~~A ]
6ut~ e1L1~~ $Ow I

XX~~~~~~~~~~~~40
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RR/DCP CHECK-OUT SHEET

Date :
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Operator :__________________________

Location :
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

HEX ENTRIES - PROCEDURE 1

ADDRESS CONTENTS 
- SETUP 

- 
DESCRIPTION

8C62 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

3]. Bit ID Code

8C6 3 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  --

8C64 
_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8C65 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8C52 00 FDC Precip
0]. Bucket

DECIMAL ENTRIES - PROCEDURE 2

ADDRESS CONTENTS 
- 

- SETUP DESCRIPTION
8C36 R1, Base Transmission Rate x
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

100 (Trans/H r_x_100)

4 
8C38 P2, Alert Transmission Rate x
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

100 (Trans /H r x 100)
8C3A R3, Flood Transmission Rate x
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  

100 (Trans/H r_ x_ 100)

8C3C A , Slore factor stage
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

stream (0—1 00) 
-

8C3E B , Slore factor - Precip.
4 

_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  
(0—100)

8C40 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

Alert Level x 100 ( feet x 100)

8C42 ________________ —_____ Flood Level x 100 ( feet x 100)

$C2C Current Stage x 100
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

( feet x 100)
8C32 Curre nt Precip Level x 100

- - _ _ _ _ _ _ _ _  

( inches x ~OO )



-
~~~~

TESTING/CALIBRATING PROGRAMS

168$P 8C28
_ _ _ _ _ _ _ _  

Minimum Stage Level

170$P 8C2A • Minimum Precip Level if “1” appears
bucket is selected

178$P SC2C________ Current Stage
8C32________ Current Precip

180$P Transmits Values at 8C66

158$P 8C46
_ _ _ _ _ _ _ _ _

8C48
_ _ _ _ _ _ _ _  

RF REF 
- .

i i_ . 
- 

_ _ _ _____________________________________ — — 
_. ~~~ 

,_ - _~::~_:_~~~~ _ ___ _ 
—

~~~~~~ 
—- - 

-



PROCEDURE 1 - DISPLAYING/ENTERING HEX NUMB ERS

DISPLAY
PRESS KEY ADDRESS BYTE COMMENTS

R — —— -—— Resets processor

RU 0.0.0.0. CO Runs ut i l i ty program at
location 8000. Dots in

8 0.00.8. XX address field indicate a
new address can be entered .

C O.O.8C. XX Address entries shif t  in
display from right to left.

6 O.8~C6. XX The contents of that
address immediately dis-

2 8,C.~,2. XX played. To look at the
next and subsequent
locations, press “ m c ” . 

S

8C62 XX. To alter a byte in memory ,
press (—p until the f ield
select dots are in the byte
field. Pressing (-4 again
will shift the select to

- 

the address field.

CE 8C62 CE. 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 8C63 X~X,. 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.



PROCEDU RE 2 - DISPLAYING/ENTERING DECIMAL NUMBERS

PRESS KEY DISPLAY COMMENTS

R resets processor

RU 0.0.0.0. CO runs ut i l i ty  program

160 0,1.6.0. F8. selects address 160

A 8C2.0. runs program at address 160.
36 A 8C~~6. 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.

inc b 0 0100 Displays the contents of
that address.

“b” is positive sign The keyboard is locked so
“d” is negative sign that the contents cannot be

changed until ‘line ” is
pressed. Pressing “inc ’
moves displayed data back
to memory and returns to
the address select mode .

• b 0. 0.0.OA Pressing (--* 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 sh i f t  in
the display from right to
left .

inc A 8C3.8. 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 ther program returns to the
address select mode unt i l  the
next address displayed. 

-

- 4- - , —-—



RR/DCP OPERATOR INSTRUCTION S

CALIBRATING STAGE (PARAMETER 1)

(1) Enter current stage into address 8C2C using Procedure 2.
(2)  Press R , RU , 168 , $P. This will run a program which

measures the stage , and computes the minimum value
achievable assuming the current stage is correct.

(3) Af te r measing and calculating (5 see) , the program will
j ump to the decimal display program . The address of SMIN
(Stage Minimum ) will  be displayed . Press “ m c ” 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
turn is equivalent to 1 foot.

(5) Run the calibration program and adjus t 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

measures the precip level , and computes the minimum
value achievable assuming the current precip level is
correct . After  measuring and calculating (5 see) , the
program will j ump to the Decimal Display/Enter Program .

(4)  The address of PMIN (Precip Minimum) will  be displayed.
Press “ m c ” to see the contents. Note the sign “b” is
+, “d” is negative .

(5)  If this value is lower than the instruments actua l
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 adjus t  the gear unti l
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 disp lay 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 POWE R

(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.

t

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~
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APPENDIX D

TABLE I - PART LIST BOARD #1 - CPU BOARD

TABLE II - PART LIST BOARD #2 - MEMORY BOARD

FIGURE D .l  - 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
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Table I. PARTS LIST FOR BOARD #1 CPU BOARD

~ •A L~ t) t

C~~4~~~O~~~~

CIJI~~Sc-z CO
03 Co4O2.~ ~

04 CO4O~~~ U3

--

Cr~~4OC~ B

U$ ) U~ 
(.~~~~OI Ilk

c 4O51 0’
On CD4OI(~~,8~

.
-.-- Ur2 A~~~~~7~~~

V~3 cp4csc~~
U~4
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Table I. PARTS LIST FOR BOARD #1 CPU BOARD
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Table II. PARTS LIST FOR BOARD #2 - MEMORY
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FL LOC CO~ MAC CODE LNNO SOU RCE LINE:

00001 • • LICP EXECUTIVE: PR000RAM
00002
00003
00004 . . REGISTE R ASSIGNMENTS

40003 00005 FC =R3
*0004 00006 CALL~~R4
*0005 00007 RE rN~=R5

00008 . • SUBROUTINE AtILIRESSES
103F2 00009 CALC= 103F2
:10393 00010 CALCS R=*0393
*03B 1 00011 CALCPR =$03B 1
:1:0302 00012 ENCOBE=$0302
40200 00013 GXM I T ~~tO2oO
*043 1 00014 LIIELY 1 :10431
*0435 00015 LDELV2= 10435
*0461 00016 MEA SR~c~~~~~~~~ O4~~~*O2 EC 00017 RNLI = #02C C
*034D 00018 UPDATE=t034t ’
:1C249 00019 LOALIOP=*C249
4C257 00020 STO ROP=tC257
*C23B . 0002 1 STORF=1C23t~4C2411 00022 LOAD ~ tC24t ’
ICOOLJ 00023 St’CON=*COOti

00024 . . RAM LOCATIONS
-~ 

. 

*8C3C 00025 CON 1 =tBC3C
:~~3C3F 00026 CON2 ~ •t8C3E
4P~~t~~ 0 0002 7 FLAU 1 =*8C50

000~~~
00029 I-LAb.3=48L;5 2
000.50 I-LAU4 t€~Cb3
000.51

*~3l;22 O003~.: 1 t t~JLj 22
48C26 00033 FPRECP~ t8C26
48C24 00034 FSTAGEz::18C24
t8CSA 00035 PAtI=*SC5A
:$:8C2A 00036 PM IN t8C2A
48C32 00037 PRECP 1= *8C32
40C34 00038 PRE:CP2~ *8C34

- 
- *8C44 00039 RANt= 18c44

4~3C4A 00040 RATE1 = *8C4A
4SC4D 0004]. RATES— *8C4t ’
48C4E 00042 RATEP= *BC4E
:18r ?8 00043 SMIN ::~*8C28
18C2C 00044 ST E 1~~:1~ C2C

E-1
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00045 ST AG E2~ t8C2E
48C30 00046 5TA0E3 1z8C30

00047 ittATA~ t8C66
00048
00049 • . I N I T I A L I Z A T I O N
00050

0000 00051 ORG *00
0000 C08:108 00052 LSR :15109 

* . BR ANC H TO ENT R Y OF MICR O
0005 00053 ORG :~~ 5 -•

0005 I~8RcB8 0005-4 LII] : :18C;t ~I.3 ] RB - . BC INTO P8. ~ 
TERM R0

0008 F(300A7 00055 LII I 4 0 0 ;P L O  P7 • .00 INTO P7 .0
0008 F~3~~~~~ 00056 LII I :t~~~ PHI R7 . TRAN SMIT AFTER 2 CYCLE
000E FR’50 00057 LI;I A •0 ( FLAG 1 )
0010 A° 00053 PL.O RB

- -  
001]. F30 1 00059 LDI *Oi.
0013 55 0006 0 STR RB - • .  1 INTO FLAG1
0014 18 00061 INC RB
0015 F800 00062 LII I *00
0017 ‘38 00063 SIR RB • .0 INTO FLAG 2
0018 F844 00064 LIII A.O RAND )
OOIA AB 00065 PL C) RB
OO1B F800 00066 LIII *00 . . SET UP RANIi TO 0005
001(1 58 00067 SIR RB
OOIE 18 00068 INC RB
COlE F80S 00069 LII I *05
002 1 58 00070 STR RB
0022 FB4A 0007 1 LDI A O(RA TE : 1 • . SET UP RATE I,2 , 3 WITH FF
0024 AS 00072 PLO RB -

- - 0025 FBFFSB 00073 LII I :1)~F; SIR P8 . . FE INTO RATE 1
0020 1858 00074 INC R8~ SIR RB . FF INTO RATE 2
002A 1858 00075 INC RB; SIR RB . FF INTO RATE3
002C F868 00076 LBI A . 0( TDA TA>+$0 2
002E AS 0007 7 PLO RB . . POINT RB TO BUCKE T ACCUM
002F F60058 00078 LII I *00; SIR RB . .0 OUT THE BUCKET
0032 1858 00079 INC P8; STR RU
0034 3050 00080 BR 450

00081
00082 • . E  XECUII V T~ PROGRAM

0050 00083 O R G 1:50
0C084 . . IS IT TIME TO COLLECT NEW DATA?

0050 F851 0(1085 EXEC 1: LII I A . 0 ( F L A G 2 )  . .F O I N T  TO FLIP—FLOP

0052 AS 00086 PLO RB
0053 05 00087 Lt’N RB . . TEST FLA G
0054 3A114 00088 BN2 EXEC2 . . DON’T COLLECT t iArA IF FLAG IS
0056 EBOl 00089 LDI $01 • . SET FLIP FLOP TO 1 SET

F-2 
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0058 58 00090 STR REt
00091. • • MAKE ROOM FOR NEW DATA

0059 [‘4 00092 SEP CAL L
005A C249 00093 ,A (LOAEIOP) . •GET STAGE 2
005C 8C2E 00094 ,A(STAGE2 >
005E £14 00095 SEP CALL
00SF C25B 00096 A STORE * . STORE IN STAGE 3
0061 114 00097 SEP CALL
0062 C241’ 00098 7 A ( L O A D ) .GE T PRECIPI.
0064 £14 00099 SEP CALL
0065 C25B 00100 •A (STORE) • STORE IN FRECIP 2
0067 114 00101 SEP CALL
0068 C249 00102 ,A (LOAIIOP ) .GET ST AGE 1
006A 8C2C 00103 ~A (STAGE1)
006C £14 00104 SEP CALL
00611 C2’3B 00105 ,A (STORE ) - .STOR’. IN STAGE 2

00106 * * COLLECT NEW DA FA
006F D4 00107 SEP CALL * . MEASU RE DATA
0070 ~~~~~~~~ 00108 ,A (MEASR)
0072 E3 001.09 SEX PC
0073 65 00110 OUT 5 * * TURN OFF FAST CLOCK AND HIGH
0074 00 00111 ,$00 • .VOLTAGE

$ 00112 * . PER FORM CONVERSIO NS
0075 114 00]. 13 SEP CAI...L
0076 03F2 00114 7A(CALC) . .CONVERT FSTAGE TO FEET
0078 24 0011.5 7 A . 0 ( F S TAGE )
0079 22 00116 ,A • O (FMIN)
007A OFAO 00117 p4000 - .40 FT FULL SCALE

007C 66 00118 1A. 0(T t ’ATA ) . .STORE INTERNEt’ RESULT
00711 28 00119 ,A.0 (SMIN)
007E 2C 00120 ,A.0 (STAGE1) * .FINAL STAGE VALUE
007F F852 00121 1.111 A. 0(FL.AG3 ) 

* * 110 WE CONVERT PRECIP ALDO
0081 A808 00122 PLO RB ; LLIN RB
0083 3A9:I. 00123 BNZ EA1 . . BYPASS CONVERSION IN FLAO3=1
0085 !~4 00124 SEP CALL.

-- 
0086 O3~ 2 00125 1A( CAL C ) . * CONVERT PRECIP TO INCHES
0088 ~~~~ 00 126 , ~ . 0 (I : pF~~Cp)
0089 22 00127 ,A •0(FMIN)
008A O3EEI 00128 , 1000 . .  10 INCHES FUL.L SCALE
008C 68 00129 , A . 0( TDArA ) + : 102
0081’ 2A 00:130 , A . 0 ( P M 1 : N )
008E 32 00131 A. 0 ( PRE CP 1 )
008F 3OA~~~B 00:132 BR EA2
009 1 £14 00133 EA:I. : SEP CALL . • U S I N G  BU JC KET I NO CONVERSION
0092 C249 00134 , A (L.OA D OP ) . .  NEC E~~ ARY
0094 8C68 00135

E-3
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0096 04 00136 SEP CALL * - COPY BUCKET INTO PRECP1

0097 C251 00137 ,A(STUROP )

0099 8C32 00138 A ( PRECP1 )

00139 . . RE:TURN IMMEDIATELY??
009B F054 00140 LA~ LII I A . 0 ( F L A G S)  . .GET FLAGS
0091’ AU 00141. PLO RB
009E 08 00142 Lt’N P8
009F 32A5 00143 BZ EA2 . * IF FLAG5=:0 , DON’T RETURN
OOA1 F800 00144 LIII 400
00A3 58 00145 SIR REt
00A4 [uS 00146 • SEP RETN • * RETURN TO CALL PROGRAM
00A5 F850 00147 ~~~: LI!]: A .0(FLAGI.) . * IS THIS THE FIRST LOOP
00A7 AS 00148 FLO REt
OOAB 08 00149 LUN RU . . GEl THE F LAG
00A9 32C1 00150 BZ E82 * . ]:F ZERO NUT FIRST LOOP
00A~ H~00 00151 LDI 400 * - FD<S1 LUUI~ CLLA)~ I- LAG
OO AL I ~~~ 001~~~: ~~I I <  I~ d
OO AL 114 0Q1~J .5 51.1-’ CALL * . UL I S I At.iE 1
OOAI- C249 001~~4 ,A ( L U A I J U t-’)
00~1 8C2C 00155 ,A (STAGE1)
00B3 £14 00156 SEP CALL . . PUT IN S T A G E  2

00B4 C25B 00157 ,A(STORE )
00B6 04 00158 SEP CALL . . PUT IN STAGE 3
0087 C2SB 00159 ,A(STORE)
00B9 114 00160 SEP CALL
OOBA C249 00161 ,A(L.OAIIOP )
OOBC 8C32 00162 A (PRECP1) . . GET PRECIP 1
OOBE 04 00163 SEP CALL
OOBF C25B 00164 ,A (STORE ) * . PUT IN PREC IP 2

001.65 • . RATE CALCULATI ONS —
00166 . * CALCULATE STAGE RATE

OOC1 [‘4 00167 EB2: SEP CALL * . CALCULATE A+B*(C-D)
00C2 0393 00168 ,A (CALCSR ) . * A IS RBASE
00C4 2C 00169 ~A .0(STAGE1)
OOCS 30 00170 ,A.0(STAGE3 ) * .0
00C6 3C 00171 1A.0 (CON1 ) .

00C7 4D 00172 1A .0(RATES) . . RAM STORAGE FOR RESULT
00173 * . CAL.CULATE PRECIP RATE

OOCB £14 00174 SEP CALL
00C9 0381 00175 ~A (CALCPR ) . . A IS RBASE
OOCB 32 00176 1A.0 (PRECP1) *

00CC 34 00177 ,A . 0 ( P R E C P 2 ) . .0
OOCD 3E 00178 1 A . O ( C O N 2 ) . * B
OOCE 4E 00179 ,A.0 (RATEP ) . .RAM STORAGE FOR RESULT

00180 * . UPDATE THE RATES
OOCF £14 00181 SEP CALL
00110 034(1 00182 A (U P D A T E )
001i2 3011C 00183 BR EXEC3

E-4
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00184 - -

00185 - - NO I:IATA HAS BEEN COLLECTE D
00186 - * DELAY TO MAKE UP FliP IT

001’4 F800 00187 EXEC2: LIII *00 . * SE~T FLIP FLOP TO ZERO
00116 55 00188 SIR RU
001,7 114 00189 SEP CALL.
00DB 043:1 00190 ,A (LIIELY1 )
OOEIA FEFF 00191 ~~~~~~~ 0

00192 . -

00193 . * ALL PATHS MEE T HE RE
00 :194 * . IS II TIME TO TRANSMIT

OODC -13 00195 EXEC3 : SEX RB
OO TI D FB4A 00196 LII I A . 0 ( R A T E 1 ) 

* . FOINT TO CURRENT RATE
00t’F AS 00197 PLO RB
OOE() 97 00198 61-l I R7 - . GET CYCLE: COUNTER
OOE 1 FCO:I. 00199 AOl *01 * . ADD ONE TO IT
00E3 ‘~J 00200 PHI P7 lORE IT
00E4 F /  00201 SM * - R7. 1—RATE 1
00E5 C~:0i.39 00202 LBNF EXEC4
00E8 F800 00203 LIII 400 . * 01--I BOY , WE GET TO TRANSMIT
OOEA £17 00204 P1--l I P7
OOEB :17 00205 INC P7
OOEC £14 00206 SEP CALL.
OOED o2Ec; 00207 .A(RND ) . .GENE~~ TE RANDOM 1:OOEF 9F 00208 GHI RF * * CHOP IT DOWN TO 12 BITS
OOFO FA0~ 00209 ANI :H:OF
00F2 BF 00210 PH I RE
00F3 114 00211 SEP CALL * . DELAY FOR A WHIL ’~~.
00F4 0435 00212 ,A (LDELY2 )

00213 * . ALL [‘ONE WITH DELAY . * * MEASURE tIArA AGAIN
00F6 £14 . 00214 SEP CAL.L
00F7 ~M~-

~~~~ (OS 00215 IA( MEA SR )  * . TURNS ON FAST CLOCK ALSO
002 16 . * CALCULATE AGAIN

00F9 114 00217 SEP CALL
OOFA 03F2 00218 ,A (CALC)
OOFC 24 00219 1 A .  0(FSTAGE )
OOFtI 22 00220 ,A.0(FMIN)
OOFE OFAO 00221 p 4000
0100 66 00222 1A.0(T t ’A TA )
010:1 28 00223 1A . 0(SMIN)

- - 0102 5A 00224 1A . 0(PAEI ) . * THROW THIS AWAY
0103 F852 00225 LII I A . 0 (F L A O 3 )
0105 AU 00226 PLO RB -

0106 08 00227 L IuN RB
0107 CAO114 00228 LBNZ EC1 * * NO CALC NEC . IF FLAG3= 1
O1OA 1,4 00229 SEP r ,AI I

- - -- -- 5 -J
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0108 03F2 00230 ,A (CALC )
0100 26 00231 1A.0 (FPRECP)
O1OE 22 00232 ,A .0(FMIN)
OIOF 03EF3 00233 1000
0111 68 00234 1A.0(TDATA)+#02
0112 2A 00235 •A .0(PMIN)
0113 SA 00236 1A.0(PAI ’ ) 

* THROW THIS AWAY
00237 * . ENCODE DATA

0114 114 00238 EC1: SEP CALL
0115 0302 00239 1A(ENCODE)

00240 . . TRANSMIT DATA
0117 £14 00241 SEP CALL
0118 0200 00242 ~A (6XMIT)011A 20 00243 ~t20 * .32*8 CLOCK
0118 04 00244 ,t04 * .4 BYTES TO TRANSMIT
O11C F853 00245 LIII A. 0(FLAG4)
O 1IE AU 00246 PL.O RB
O11F 08 0024? L.IIN RB * . GET FLAG 4
0120 3226 00248 BZ EC3
0122 F800 00249 LIII *00 * . IF SET , CLEAR IT AND RETURI-
0124 58 00250 ST P RU
0125 [I5 00251 SEP REIN * . RETURN TO CALL PROGRAM

00252 * * NOW COMPENSATE FOR RANDOM DELAY
0126 114 00253 EC3: SEP CALL
012~7 C249 00254 ,A (LOAOOP * .GET OLD DELAY COUNTER0129 8C44 00255 1A(RANI! )
0128 9F 00256 GHI RF . * CHOP DOWN TO 12 BITS
012C FAOF 00257 AN I  tOE
3i.2E BE 00255 PHI RE
012F 04 00259 SEP CALL
0130 COOt’ 00260 ,A (S DCON) . . CALC. REMAINING DELAY
01.32 OFFE 00261 40FFF~- 

5 00262 * * DELAY TEl EVEN UP TIME
0134 [‘4 00263 SEP CAL L.
0135 0435 00264 1A(L.t ’EL.Y2)
0137 303E 00265 BR EXECS

00266 * * DELAY WHEN NC) TRANSMISSION HAS BEEN MADE.
0139 D4 00267 EXEC4 : SEP CALL
013A 0431 00268 ,A (LDELY1)
013C ~~~~~ 

-:~~~~~? ‘4 00269 ,. &r - - *

00270 . . IIEL.AY TO CREATE A 4 MINUTE CYCLE TIME
~13C 114 0027 1 E:XECS : SEP CALL.
013F 0.431 002~72 .A(Lt ’ELYl) - -

~14i. R~l~f~ 00273 ,1~PI~FF
~143 C0005() 00274 LBR EXEC 1 . * GO TO BEGINNING

00275 END

— 
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unthol t o h i e

~ALC 0312 CAL.CPR 0381 CALCSR 0393 CALL 0004
:~o~ii SC3C CON2 GC3E EA1 009 1 EA2 00A5

QOC 1 EC 1 0114 EC3 0126 ENCODE 0302
~XEC 1 0050 EXEC2 00t14 EXEC3 OOt’C EXEC4 01.39
EXEC5 0:13E FLAG:l. 8C50 FLA 62 8C51 FLAG 3 8C52
FLAG4 flCS3 FL.AG5 8C54 FMIN 8C22 FPRECF 8C26
FSTA GE 8C 24 OXMIT 0200 LDELYI. 0431. LBELY2 0435
LOA D C240 LOADOP C249 MEASR 0461 PAD 8C5A

0003 PHIN 8C2A PRECP1 8C32 PRECP2 8C34
PANE’ E1C44 RATE 1 8C4A RATEP OC4E RATES 8C40
kETN 0005 RNII 02EC SDCON COOt’ SMIN 8C28

TAGE1 SC2C STAGE2 8C2E STAGE3 8C30 STORE C25B
sroRoP C257 TDATA 8C66 IJPIIATE 0341’

L

E.-7

-i



LOC COSMAC CODE LNNO souRcE: L I N E

00001 . * TRANSMITTER ROUTINE
00002 . . THIS ROUTINE CONTROLS THE TRANSMITTER
00003 . .TO SEND MANCHESTER ENCODED DATA AT 100 HZ.
00004

0200 00005 ORG 1200
00006 * . TRANSMITTER CONSTANTS
00007 . . BIT 3 (FAST CLOCK ) AND
00008 * * BIT 7 (HIGH VOLTAGE) SHOULD ALWAYS BE SET.

*0094 00009 CPO-~1~~~ - - POWER ON CONSTANT BIT 4
tOOB4 00010 CTO~ *~~~ * - TRANSMITTER ON CON BIT 5
* OOF 4 00011 CCO=.-t ~~~~~ . * C APR I ~~ ON CONST ANT BIT 6
*0022 00012 SYNC1=*22 . . FIRST SYNC WORD (CONTAINS TWO

00013 * * . CLOCK BITS ALSO
IOOEB 00014 SYNC2= *E:B . * SECOND SYNC WORD

00015 * . CHARACTER CONSTANTS
10004 00016 EOT=404

00017 . . RAM LOCATIONS
*0062 00018 At’0R~=*62
lOOM 00019 TBUF=*6A

00020 . * REGISTER ASSIGNMENTS
*0003 00021 PC=R3
:*0004 00022 CALL=R4
*0005 00023 RETURN=R5

00024
00025 * * SEQUENCE TO TURN ON AND INITIALIZE TRANSM I

0200 E:3 00026 GXMIT: SEX PC 
-

0201 65 00027 OUT 5 * . TURN POWER ON
0202 94 

~~~~~~ 00028 ~~~~~~~~~~~~~~~~~~ 1 )(
‘~~L~0203 £14 00029 SEP CALL. * . DEL AY— FOR UAP~-t UP 0 F 1  SEC

0204 O2AF 00030 1A DELAY
0206 ~~~ C- t~ zD 00031

00032
0208 E3 00033 ~~~~ S~ X PC
0209 65 ~ 00034 ~~~~~~ OUT 5 . . TURN TRANSMITTER ON
020A -84w D~ 00035 OuT ~0208 E3 C~ 00036 ~~~~~~~~~ SEX PC
020C 65 

~~ 00037 ~~~ OUT S * TURN CARRIER ON
020D F4 c4 00038 ~ oP ~CCO
020E -~~~ ~~~~ 00039 ~~~~~ ~~~~~ S€l~—eAt.L * * CARRIER LASTS FOR 4 SEC
020F ~~~~~~ I 00040 p

~~
, ~~ 

- rA-UtE$~,9Y)
0211 ~~~~ ~~cC~-~- 00041 NOP
0213 114 - 00042 ce- p c.i .. SEP CALL
0214 O2AF ~~~~~~~OOO43 

~~~~~~~ 

,AWELAY )

E-8
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00045 , . . . FRE:PARE TO TRANSMIT CLOCK
0218 ?A 00046 - ‘

~~~~~
- 

* . RESET U——— U IS THE SERIAL OUTPUT L
021Y ~~~~~~~ 0004/ N~~~I — bEX 1’l;
021A ~4iI~ 0004d 

~~~~~
“ t~1 * . . W A L l  l-Ul< Ll-1• 0

021e ~Li~; 0004y i, - - - BN:l. * - . WAIT ~ UF< SIGNAL1 EF1=1
O21E~~~~~~~~ ~4 00050 ~~~~

- ‘ N~ P ~UT J * . TURN (1FF CARRIER
021F ~~~~~~~~~ c4- ooosi ~~~~~~~

‘ N~P .~~~o
00052 . .  

* . BIT TO BE SENT
0220 04 00053 ~~~ SEP CALL. * * DELAY TO AVOID OVERLAP
0221 O2AF 00054 ~~~~~~~ 1A (IIELAY )
0223 0001 00055 ~~~~~~~~~ *0001
0225 3C2.5 00056 BN1 * . * WAIT FOR SIGNAL
0227 lB 00057 SEQ . * TRANSMIT SECOND HALF OF FIRST BIT

00058 * . TRANSMIT CLOCK BITS
‘0220 46 00059 ~CLOCK : LDA R6 . SET UP LOOP COUNTER
0229 Al:’ 00060 PLO RD
022A F808 00061 LD]: *08 . . INITIALIZE BIPHS BIT COUNTER TO 8
022C AC 00062 PLO PC
0220 FBAA 00063 XC1 : LIII ~~~~~ * . SET UP CLOCK BYTE
022F AF 00064 PLO RF
0230 114 00065 SEP CALL - . TRANSMIT BYTE
0231 0278 00066 1A(BIP)
0233 00 00067 ~t00
0234 21’ 00068 DEC RD . . DECREME:NT COUNTER
0235 81’ 00069 GLO RD . . TEST COUNTER
0236 3A2D 00070 BNZ Xci . . DONE WHEN COUNTER IS ZERO

* 00071 . . DONE WITH CLOCK
00072
00073 . . PREPARE TO TRANSMIT SYNC

0238 F822 00074 LIII SYNC1 . . SET UP TRANSMIT BYTE
023A A F 00075 PLO RF
023B £14 00076 SEP CALL . . TRANSMIT BYTE *

H 023C 0278 00077 1A (BIP)
023E 00 00078 100
023F F’8EB 00079 LIII SYNC2 . . SET UP NEXT TRANSMIT BYTE
0241 AF 00080 PLO RE
0242 04 00081 SEP CALL . . TRANSMIT BYTE
0243 0278 00082 ~A(BIP)

00083 . - ALL DONE WITH SYNC TRANSMISSION
0245 00 00084 ,100

00085
00086 . . PREPARE TO TRANSMIT ADDRESS

0246 F06 1 00087 LIII A. 0< ADI’R)—*0 1
0248 AG 00088 FLO R8
0249 F803 00089 LOt *03 . . SET UP LOOP COUNTER
024B At’ 00090 P1 ~0

E-9
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024C 18 00091 XA1: INC R8
0241’ 114 00092 SEP CAL L . * TRANSMIT WORD
024E 0276 00093 ,A (BIPHS )
0250 01 00094 ,t0 1 . .FROM 1.EFT TO RIGHT
0251 211 00095 DEC RD . * DECREMENT COUNTER
0252 91’ 00096 GLO Rh * . TEST IT
0253 3A4C 00097 BNZ XA1 * GO FOR MORE?
0255 18 00098 INC P8 . - POINT TO LAST 7 BITS
0256 F807 00099 LIII *07
0258 AC 00100 PLO RC
0259 114 00101 SEP CALL * - TRANSMIT LAST 7 BITS
025A 0276 00102 IA(BIPHS)
025C 01 00103 ,*01 * .FROM LEFT TO RIGHT

00104 * . ALL DONE WITH ADDRESS
00105 * * FREPARE TO TRANSMIT DATA

0250 F869 00106 XDATA : LIII TBUF—1 . . SET UP POINTER TO ADDRESS
025F A8 00107 P1.0 P8
0260 46 00108 LDA R6 * * SET UP LOOP CO(JNTER
0261 AD 00109 PLO RD
0262 18 00110 Xlii: INC P8 . . POINT TO BYTE
0263 04 00111 SEP CALL . . TRANSMIT IT
0264 0276 00112 1A (BIPHS )
0~ 66 00 00113 1100
0267 21’ 00114 DEC RI’ . . DECREMENT COUNTER
0268 GD 00115 GLO RD . * TEST COUNTER
0269 3A62 00116 BNZ Xlii . * DONE WHEN COUNTER IS ZERO

00117 . * DONE WITH DATA TRANSMISSION
001.18
0011.9 . * PREPARE TO TRANSMIT EOT CHARACTER

026B E804 00120 XEOT : LIII EOT . .SET liP TRANSMIT BYTE
0260 AF 00121 PLO RE
026E 114 00122 SEP CALL . . TRANSMIT IT
026F 0278 00123 ,A (BIP)

\ 0271 00 00124 - 1 *00
00125 . . ALL. [‘ONE

0272 E3 00126 SEX PC . . TURN OFF rRANSM]:TTER
0273 65 00127 OUT S
0274 00 00128 ,t00
0275 [‘5 00129 SEP RETURN . * RETURN TO CALLING PROGRAM

00130 . . B]:PHS ROUTINE
001.31 . . THIS ROUTINE CONTROL.S THE : SERIAL I/O
00132 . . OF DATA TO THE TRANSMITTER

0276 08 00133 BIt’HS : ION RB * . ENTRY POINT TO LOAD BYTE
0277 AF 00134 PLO RE . . FROM MEMORY FOR TRANSM I SSION
0278 E6 00135 DIP : SEX R6 . . POINT TO PARAMETER
0279 F O0  00136 LIII *00 * . LOAD A 0
027B Fl 001.37 OR - OR IT WI TH PARAMETER

I!

-

~
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027C 3282 00138 BZ * 1-106 - - IF ZERO BRANCH
027E 8F 00139 GL.O RE . .  NOT ZE~RO
027F FE: 00140 SHL. . . SHIFT BITS OUT To LEF T
0280 3084 00141 BR *+104
0282 SF 00142 GLO RF
0283 F6 00143 SHR . - SHiEr B]:Ts OUT TO RIGHT
0284 AF 00144 PLO RE . * STORE MODIFIED BYTE
0285 3094 00145 - BNF XB1 . - BRANCH IF BIT IS ZERO
0287 3C87 00146 BN1 * . . WAI t  FOR SIGNAL.
0289 7A 00147 REQ . * CLEAR a
028A 114 00148 SEP CALL - . DELAY TO AVIOII OVERL AP
02GB O2AF 00149 .A(DELAY)
0280 0001 001_ So .40001
028F 3CGF 00151 BN1 * . - WA IT FOR SIUNAL
0291 70 00152 SEQ
0292 309F 00153 BR XB2
0294 3C94 00154 XB1 : BN1 * . .WAIT FOR SIGNAL.
0296 •Th 00155 SEQ * * SET 0
0297 P4 00156 SEP CAL.L . - DELAY TO AVOID OVERLAP
0298 O2AF 00157 IA DE:LAY
029A 0001 00158 ~*0001
029C 3C9C 00159 ON 1 *
029E 7A 00160 REQ 

* * CLEAR 0
029F 2C 00161 XB2 : DEC RC . * IIECREMENT BIT COUNTER
02A 0 8C 00162 GLO RC . . T EST COUNTER
02A1 3AA8 00163 BNZ XE43 . . BRANCH IN NOT ZERO
02A3 F808 00164 LII I *08 . . RESET BIT COUNTL~R TO 8
02A5 AC 00165 FtO PC
02A6 16 00166 INC P6 * . INCREMENT BY PARAMETER

— 
02A7 05 00167 SEP RETURN
02A8 £14 00168 XB3 : SEP CALL
02A9 O2AF 001.69 .A (EIELAY )
O2AB 0001 00170 .40001
02A1’ 3078 00171 BR PIP - * LOOP AGAIN

00172 . . DELAY ROUTINE
00173 . . TH I S  ROUTINE BEL AYS
00174 . . PROGRAM EXECUTION FOR
00175 . . ( PLACE EQUATION HE:WE) SEC
00176

O2AF 46 00177 DELAY : LIlA R6- . . GET HI BYTE OF DELAY
02B0 BE 00178 PHI RE
02B1 46 00179 L.t’A P6 * GET 1.0 BY TE~ OF DELAY
02B2 AE 00180 PL.O RE
0203 ?‘: 00181. [ii : DEC RE * . DECREMENT COUNTER
02B4 9F 00182 01-Il RE US t  HE I -4 YT1
r’r~~ ~ ARC ~~~i BN7 Ii? . BRA NCH IF NOT ZERO

j

•1~.~_~ -— TTT . ._~~ ._i : ~~~~~~~~~~~~~-~
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02B7 GE 00184 GLO RE . - TEST LO BYTE-:
02B8 32C0 00185 

* . ALL DONE: iF ZERO
O2BA 30~3 00186 BR Ill . . LUUP At i A I N
O2BC BE 00187 112: GLO RE . . I(ILL SOME TIME
o~~~u 8E 00188 ~~~~~~~~~~~~ KILL SOME TIME:
O2BE 30~~~ 00189 BR Ill . - LOOP AGAIN
02CC) 05 00190 (t~R~

) SEP RETURN

- 
- 

00191 
* * ALL DONE WI1 H DELAY ROUTINE:00192 END

~A18Q2 Lioston Sitstes~~; Office Version 10(15)3XMI T.OBj . (3xffl T LST:~GX M:ET . SRC

wnhoi t~ b:t~

0062 DII::. 0278 BIF’HS 0276 CALL 0004
~CO 00F4 GPO 0094 Cr0 0004 Di 0203:12 O2BC 02C0 [IIE:LAY O2AF Eor 00043X1IIT 020<) PC 0003 RETURN 0005 SYNC1 00223YNC2 OOEB TBIJF 006A XA1 024C XB1 0294<P2 029F XB3 02A8 XC1 0221’ XCLOCK 0228<Dl 0262 XDA rA 0251’ XEOI 026B 
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- L l.OC I ~-‘E~ C: LNNCJ SC)URCE L 1. NE

(;tM.ft. ‘::ooo 1. — ‘~: t IOROUT t: NE:
000 )~ ‘ I R I  I (f l  N~ Y TO lii t,1 I AL C ( INVI F~’

j I UN
~ MA)’ I Mt )M ¶ AM)— I I N6 (~ uUI N( Y 5
()0004 - -~E (:i .t ~ II: P ASS 1C,NME NJ S

~‘)~)I- - O0O’~):. UN I - :  (1 - 01 - - _  LUUN I UI-- 0-—- 1 I RANS L I 1 UN~
:~~ () OOJ. I 0000o RU - - (l OLl * - *~iA~ I—’L ES IN I.Jf- I— S E1;ur~JJ..I
tO’- . ~~ 0000 / ~~~~~~~~~ - -  MEMORY UI- VRLVJ.UIJS SA(IFLE

RI T i ’ ~ O i H T l lk( ’-’ ROUT INE
-II ’ “‘~ O 00009

0 2C :1. 0<)010 ORO iI~~C :1. * - PROORAI  STA RT ~3 I--fl~RE
000 ~1. :1 . . ; EL.E: cr t v ICE

02C:i. ~6 0001 2 FIiC : SEX R6 . - TAKE: 11E v [cE I FROM
02C2 -~:-~ 000:1.3 OUT ~i F ARAI-IE. ER LIST

000:1.4 . . WIT I :ALIZE REG :E sTi::Rs
02C3 4- -

~ (>0015 LOA R6 pC)~ NT PRAM 10
02C4 AS 00016 pio ~~ 1~~i - - TIA rA STORAGE: AREA
02c I ‘ ‘

~ 000 1 / I 01 40() LI Rt) PtflJN1 FR
02C? AF 00018 PLO CNT
02C8 Cfl : 00019 PHI CNT
0~

( 9 AL 00~ ~0 I I (1 MI M ZERO 3AMH L MI MORY
O2CA F CMt:: 00021 LII]: :fl~4C’ . - sEr t4CSF 3:NTO LOOP
02C r i~ t’ ooo ~2 It (.1 RI I ( OUNT I R THERI ARF 4B8F
o~ ro F~~~F 00023 LII I 48I~ . * LOOPS IN ONE SECOND AT
O2CE AD 0002-4 PLO R~ E . . 2 MHZ CL OCK .

00025 . THIS LOOP SAMPLES EF2 AT 19343 HZ
00026 * - FOR CLOCK OF 2. 476 MHZ

0200 :~cj u-~~) 00027 LOOP : t3N2 Fl . . IF SAMp LE: IS ZERO . BRANCH
02tl2 UI 00028 61 0 MI M ( L T  F REVIOUS SAMPL I
021’3 :~~~o:o 00029 BNZ [:2 - - BRANCH ]F HO 0~-1. TRANSITION

:1. I 00030 INC CNT . . TRANSIT I ON. I NCREME:NT COUNTER
o2~j ’ u oo~~ 1-3 iNC MI:rl A I IN SI-IA) IL MEMORY
021’ ) ~

, OX) ~2 I 4 Dl C RI I ONE I E~ 5 CYCLI 10 GO
DA mB 9(~ ~ II RI I TI ST I LI I R I N CI  • H] OH DY I
0209 3ArI O 00034 BNZ LOOP . .COL.LECT ANOT HE:R SAMFtE:
o~~cw ,~ l 6 0003 DR I ~c RI I 0 Al I ~‘ONI
0200 II oo~ ~ó 2 (Il U Mt- H A NOt- ST i
‘)~~(II:. 30(1/ 00037 DR F4
o;~Eo FS00 O~ Ø~35 t-~ : ~Ji :U~QQ ..SAMF’LE :i:s ZERO
02E:2 AE ooo:39 I::*I...o MI::M ERO SAMF’)..E MF:M0RY
C)~ J~ 13 AE ‘) ‘1)0 --s ’:) Pl C) MEN
0-::(:.4 .50’’.’ U ()0-4 :1. [~R 1-4
02C6 9F 00o~~2 Fó: Gl—fl~ CNT . . S T O RE FREOUENCY IN RAM
02E:7 SS 00043 5Th F RAN OW BYTE Ei:Rs.r

i) TNI I RAM I-DINT TO NI Xl LO CA l ION
I 0004~ , t’)_l) I ~I (~I I II I 1,1 1 DY I r

‘)2L.i~, 55 00046 SIR PRAM
OAI f i i  00047 SEt I I (N RE TI IRN TO C Al I ING I ROGRAM

000 4~I END

I

_________ __________ - 
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L LOG COSMAC CODE LNNO SOURCE LINE —

00001 - RANDOM NUMBER GENERATOR
00002 LEAVES A RANDOM NUMBER IN R( F)

-40004 00003 CALL:=R4
*0005 00004 RETN=R5
4C249 00005 LOADOP~4C249
*E3C44 00006 RAND=48C44’
*CO4F 00007 MPYOP~ *C04F
#C257 00008 SiOROP: 1C257

O2EC 00009 ORG t.2EC
O2EC 114 00010 SEP CALL
02E0 C249 00011 •A (LOADOP)
O2EF 8C44 00012 ,A (RANO)
02F1 114 00013 SEP CALL - MULTIPLY BY t0C35
02F2 CO4F 00014 ,A (MPYOP)
02F4 0300 00015 - A (MULT)
02F6 9F 00016 GHI RF - CHOP OFF MSB

— 

02F7 FA7F 00017 ANI .47F
• 02F9 BE 00018 PHI RF SlOPE IT

O2FA 114 00019 SEP CALL STORE NEW RANDOM NUMBER
O2FB C257 00020 • A (STOROP)
O2FtI 8C44 00021 •A (RAND )
02FF 115 00022 SEP REIN - RETURN TO CALL PROG RAM
0300 0C35 00023 !ULT : .*0C35 .MULT IPLIER

00024 END

14
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FL LOC COSMAC CODE L.NNO souRcE: L]NE

0000]. - - DEFT N IT IONS
:IV)004 00002 CALL~R4
10005 00003 R E TU RN~~ 54006A 00004 TBUF=~ 6A~~*0066 00005 TLIA TA=t66~0302 00006 ORG 4302

0302 98 00007 ENCODE : OH]: R8
0303 09 00008 PHI R9
0304 FS6A 00009 LII I A.0 (TB UF )
0306 A9 00010 PLO R9
0307 F86A 00011 LDI A.0(Tt’ATA )+4
0309 AG 00012 PLC) R8
030A F802 00013 LIII *2
030C All 00014 FLO Rh
0300 28 00015 E l :  DEC RB
030E 08 00016 LI~IN RB
030F FA3F 00017 ANI 13F
0311 OF 00018 PHI RF
0312 114 00019 SEP CAL.L
0313 032A 00020 - .A( PARITY )
0315 08 00021 LDN RB
0316 YE 00022 SHLC
0317 7E 00023 SHLC
0318 YE 00024 SHLC
0319 F A03 - 00025 AN]: $3
0310 52 00026 ST R R2
031C 28 00027 DEC RB
03111 09 00028 EON RB
031E I:: E 0002 9 SHL
031F FE 00030 SI-IL
0320 El 00031 OR
0321 BE 00032 PHI RF
0322 P4 00033 SEP CAL L
0323 032A 00034 ,A P A R IT Y
0325 21’ 00035 DEC RD
0326 80 00036 GLO RD
0327 3A01’ 00037 BNZ El
0329 :os 00038 SEP RE TURN

00039 . NOW COMES THE PARITY ROUTINE
032A F500 00040 p~~~ir y  LIII *0• I 032C AF 0004]. PLO RE
0321’ Ft306 00042 LIII :16

- : 032F AC 00043 PLO RC
03~ 0 9V 00044 nI-I T ~-~F

—

- ~~~~ - — ~~~~~~~-
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0331 59 00045 5Th R90332 9E 00046 P1: GHI RF0333 F6 00047 SHR0334 31437 
00049 BNF P20336 :tF 00049 INC RE0337 BE 00050 P2: PHI RF0338 2’:: 00051 DEC RC0339 ~ C 00052 GLO RC033A 3A32 00033 DNZ P10336 8I: 
0005-4 GLO RE033D (:6 
00o~~~033E 334~ 00056 DDE P30340 09 0005-7 LL’N R903-4 1 E940 00058 ORI ;U:400343 3o4~r 

- 

00059 BR P40345 09 00060 P3: LII N R90346 F9CQ 00061 ORI ~~‘()0348 59 00062 P4 : STR R90349 i.9 00063 INC R9034A i:s 00064 SEP RETURN00065 END

-~~~~~~~ 
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FL LOC CC)SMAC CODE LNNO SOURCE L. INE:

00001 - - U P DATE RA TE SUBROUTI N E
:fl:0001 00002 AC:~ ~~~Z

*8c4x:i 00003 RATES=lBC4t’
00004 RATE2 ::48C40
00005 RATE:i:~I8c4A

*0005 00006 RETN:=R5
0341’ 00007 ORG :13411
0340 £8 00008 01:-DATE : SEX R8’
034E Ci? 00009 GLO R7-
034F FF04 00010 SMI *04
035:1 31:460 000:11 BNF Ui brM~I,s~ 

R~°0353 [:94f ~ 000 :[2 LII I A . 0 RATE:2 )
0355 A8 (>00 :13 PLO RC)
0356 72 00014 LTIXA
0357 AF 000:1.3 PLC) AC
0358 10 00016 LOX
0359 28 000]. ? - DEC RO
035A 73 00018 SIXO
0330 SF 00019 GLO AC
035C 73 00020 SrXri
03511 F800 00021 LIII *00
035F ÀY 00022 PLO R7
0360 F840 00023 U I :  LII I A 0 (R A T E S )
0362 AB 00024 PLO RB
0363 72 - 

00025 Lt’XA
0364 OF 00026 PHI AC
0365 (:7 00027 SM
0366 3:3,~~ 00028 ODE 02
036 8 1 0  00029 L.t’X
0369 AF 00030 PLO AC
036A 3070 00031. BR U3
036C 9F 00032 U2: oi-n: AC
0360 AF 00033 PLO AC
036E FO 00034 I_ OX
036F OF 00035 PHI AC
0370 F84A 00036 03: LIII A. O C R A T E 1 )
0372 AB 00037 P1.0 RB
0373 9F 00039 GHI AC
0374 F7 00039 SM
0375 3 37F 00040 BIlE US
0377 9F 00041 OHI AC
0378 58 00042 6Th RB
0379 F!30() 00043 LII]: *00
0370 ÀY 00044 PLO R7

h-17 
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037C 18 00045 INC R80370 3086 00046 BR U6037f: 9F 00047 US: OHI RE0380 18 00048 INC RB0381 E7 
00049 6110382 3386 00050 BrIE U60384 9F 000Si GHI RE0385 58 00052 SIR RB0386 SF 00053 U 6:  GLO RE0387 1:7 00054 SM0388 338c 00055 DDE U)’038A BE 00056 GLO RE0380 58 00057 SIR RB038C 18 00058 U7: I N C  RB0381, 9F 00059 - OH!: r~-~038E 33 00060 SIR RB038F E2 
00061 SEX R20390 I’~ 00062 SEP REIN00063 END
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L LOC COSMAC I..NNO SOURCE: LINE

CO tIE
00001 - - RATE CALCULAT I ON RO UTINE
00002 - - ENT RY POINTS AT CAL.CSR OR CALCPR
00003 - - REc-;:[ STER ASS IGNMENT S

4000-4 00004 CAI L~ R4
4OOO~ 00005 RETN~=R5
40001’ 00006 MA =RD

00007 - - SLJBROUTI NE ADDRESSES
:fl:I7AQ 00008 LOAtIC)P~ :H:C249
:11762 00009 COMF OP:4C262
:IF’ 2 4t1 00010 LOATh= 1:C24D
*C031 00011 SMEM~~4C031.
f[’053 00012 MPY 4C053
:IC1LI S 00013 ABIl1=4C :[ tlS
:ll:C257 00014 STOROP=$C257
:11 1752 00015 L.OLICON=*C252
*COA 1 00016 t ’IVOP~~*C0A 1

0001? V A R I A B L E  ADOREESE:S
:19(~2C 00018 STAGE1=48C2C
181 40 000J. 9 ALERTh4S C-40
:IfflC 4~3 00020 SRALRT= 18C38 -

*8C42 00021 FLOOD~~t8C42
:ff: Bc’ 5A 00022 SRFLI%:= 18C3A
$8C36 00023 RE4ASE~48C36
*BCSA 00024 PAO~~48C5A

00025 - .
00026 . ENIRY TO CA LCUL ATE THE STAGE RATE

0393 00027 ORG 1393
0393 F 9 : 36 00028 CALCSR : LII I A.  0 ( R B A S E)

— 
0395 A8 00029 PLO RB
0396 114 00030 SEP CALL
0397 C249 0003 1 • A (LOAI ’OP ) . LOAD sTAGE:
0399 GC2C 00032 •A (STAGE1)
0390 1)4 00033 SEP CALL
039C C262 00034 •A ( CO M POP) .18 Ir GRAATER THAN ALERT LEVEL
039E 8C40 00035 IA (ALERT)
03A0 3004 00036 ONE CAl . . BRANCH IF NO
03A2 F838 00037 LIII A . 0 ( S RA L R T )  -
03A4 A8 00038 PLO RB
03A5 114 00039 SEP CALL
0346 C262 00040 •A (COMPOP ) - IS IT ) FLOOD LEVEL
03A8 8C42 00041 •A (FL000)
O3AA 314E~4 00042 ONE CA l . . BRAN CH IF NO
034C FB3A 00043 LOt A 0( SR FLD )

- - O3AE: ACi 00044 PLO RB - .POINr RB TO FLOOr, PA-rE 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ -- -—~~~~ ‘---~~--— -- ~~~~ —-—- — 
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O3AF 3004 00045 BR CAl - - SKIP OVER OTHER ENTRY POINT
00046 . -

00047 - - EN TRY TO CALCULATE THE PRE CIP RATE
0301 F836 00048 CALCPR : LIII A . OCROASE)
0303 AB 00049 PLO RB . - POINT RB TO BASE RATE0304 98 00030 CAl : GHI RB
0305 ~~~I~~~P 00051 CI~~~~~ P~4 t rn~03B6 46 00032 LIlA R6 - - POIN T MA TO C
0307 AX~i 00053 PLO MA
0308 04 00054 SEP CALL - - LOAD C
0309 C24 11 00055 • A (LOAEI)
O3BB 46 00056 LIlA R6 . - PoINr MA TO D
030C AU 00057 PLO MA
0300 04 00058 SEP CALL - . SUBTRACT 0 FROM C
030E (

~03I ~o059~.. - - - ~~~~~~~ -

03C0 1)4 00060 SEP CALL
03C1 03E1 00061 •A (AB S - - TAKE ABSOLUTE VALUE
03C3 46 00062 LIlA R6 . . POINT MA TO B
03C4 AD 00063 PLO MA
03C5 04 0006-4 SEP CALL - .MULT B *(C -D )
03C6 C053 00065 • A ( M P Y )
03C8 88 00066 GLO RB . - POINT MA TO A
03C9 41’ 00067 PLC) MA
O3CA 114 00069 sI:I::- CAL L
O3CB Cit’S 00069 • A( AIID1) . ADI~’ A
03C1’ 114 00070 SEP CALL
O3CE C257 0007 1 •A ( S T O R O P )  STORE IN PAL’
0300 SCSA 00072 -

0302 04 0007 3 SET’ CALL
03t’3 C252 00074 • A (LOItCON ) . - LOAD 1500
031’S OStI C 00075 • 1500 . - A DECIMAL MU MVV ER
031’? 04 00076 SEP CAL L
031J8 COAl 00077 • A (  oivop~ - - DIVIDE
03DA 8CSA 000 78 • A ( I : *AD )
031)C 46 00079 . LIlA R6 . - POINT ro STORAGE
03110 At’ 00080 PL C) MA
03t’E SF 00081 GLO RF - - STORE LOW BYTE ONLY
O3DF 50 00082. STR RE’
03E0 1)5 00083 SEP REIN . - RETURN TO CALL PROGRA M

00084 - - ABSOLUTE VALUE PROGRAM
00085 - - REGISTER ASSIGNMEN1S
00086

03E1 9F 00087 403 : OHI RI:
03E2 FE 00088 SHL.
03E3 3BEE. 00089 BNF DONE
03E5 9F 00090 GHI RE
03E6 EWE 00091 X R I 1FF
03E8 BE 00092 PHI RE
03E9 BE 00093 GLO RE
O3EA EWE 0009 4 XR I 4FF
O3EC Al::- 00095 F-LO RE
03E0 IF 00096 INC RE
O3EE 1(5 00097 DONE: SEP R5

00098 END

-20 
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L LOC C(JS MAC CODE LNNO SOURCE: L INE:

00001 . - GENERAL CALCULATION ROUTINE
00002 - - COMPUTES G~ A/ ( B—C)~~ —E )+F
00003 - - REGISTER ASS IGNMENTS

If 0(.04 00004 CALL~ R4
*0005 00005 RETN=R5

00006 MA RD
4 000F 00007 AC RF

00008 - - SUBROUTINE ADDRESSES
:~~ 249 00009 LOAI’0P 4C249

00010 SMOP=tCO2II
fC257 00011 STORDP tC2S7
:1C2.4[j 00012 LOAD IC24II
4C031 00013 SMEM =*C031
:DCO4 F 00014 MPYOP *CO4F
*COB? 00015 DIV=*COB7

00016 At’Dl=*C it’S
-tC2SE 00017 STORE=*C250

00018 . - VARIABLE ADDRESSES
45(70 00019 FMAX *8C20
48C22 00020 FMIN~ $8C221I-8CSA 00021 PAL1= 4SC5A

00022 - -
03F2 00023 ORG 103F2
03F2 114 00024 CALC: SEP CALL
03F3 C249 00025 •A (LOAI’OP) - .LOAD B
03F5 0C20 00026 •A (FMAX )~
03F7 114 00027 SEP CAW
03F8 C0211 00028 •A (SMOP ) - - COMPUTE B-C
O3FA 8(72 00029 •A (FMIN ’
O3FC [‘4 00030 SEP CALL.
03F1’ C257 00031 •A (STOROP)• - - STOR E RESULT
03FF 8C5C 00032 •A (PAE’)+102.
0401 40 00033 LIlA R6- . - POINT RE’ TO B
0402 AX) 00034 PLO MA .
0403 114 00035 SEF CALL-
0404 C2 41) 00036 •A (LOAt ’ )~ - .LOAEI 0
0406 46 00037 LIlA R6. . - POINT RD TO E
0407 AD 00038 PLO MA•
0408 114 00039 SEP CALL
0409 C031 00040 •A (SMEM)• . .COMPUTE II—E
0400 D4 00041 SEP CALL.
040C C257 00042 •A (STOROP ) . - STORE RESULT
040E E)CSA 00043

~—2l
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0410 46 00044 LIlA R6-
0411 BE 00045 PHI AC ’ - . LOAB A INTO AC
0412 46 00046 LDA R6
0413 AF 00047 F’LO AC’
0414 1)4 00048 SEP CALL’
0415 CO4F 00049 •A ( MPYOP ) ’ - .COMPUTE A* (D—E)
0417 8C5A 00050 •A (PA0)~
0419 FUSC 00051 LIII A.0( PAD)+*02 ’
0410 All 00052 PLO MA
041C 1(4 00053 SEP CALL ’
0411) COB? 00054 • A ( D I V >  - . DIVIEIE BY (B— C)
041F 46 00055 LDA R6
0420 AD 00056 PLC) M A ’
0421 114 00057 SEP CALL’ . .STORE INTERMEDIATE
0422 C25B 00058 ,A ( S T C ) R E ) ’

- 0424- 46 - - 00059— — -- LIlA- R6---- - - -- - - - POINT MA-TO -F--
0425 ALl 00060 PLO MA
0426 114 00061 SEP CALL ’0427 C :lJIS 00062 •A ( A D D 1 ) •  . 41)1) F
0429 46 00063 LIlA R6’ - - POINT MA TO STORAGE AREA
0424 AD 00064 PLO MA ’
0420 114 00065 SEP CA LL
042C C2!5B 00066 •A ( S T O R E ) .  - - STORE RESULT
042E 03 00067 SEP REIN - . - RETURN TO CALL PROGRAM

00068 END

- 

- L LOC CO SMA C LNN O SOURCE LINE
CODE

00001 ..LONG DELAY ROUTINE
00002 - - REGISTER ASSIGNMENTS

40004 00003 - 

CALL~ R4
:10005 00004 RETN R5

00005 . . SUBR OUTINE ASSI NMENTS
:102s4F 00006 BELAY~402AF

00007
0431 00008 ORG=10431
0431 46 00009 LIIELY1: LDA R6~ - .GET PARAMETERS FROM CALL
0432 Bi’ 00010 PHI FF-
0433 46 00011 LIlA R6
0434 AF 0001~ PLO Rt~’0435 1.14 00013 L1)ELY~~: SEP CALL’ - - CALL Ut HEI~ LIELAY PRUUI-<AM
0436 O2AF’ 00014 ,A ( 1JELAY ~~ ROUTINE
0438 000/ 00015 .10007-
043A 21- 0001.6 DEC RE’ - - DECREMENT LOOP COUNTER
0430 9F 00017 GHI RF - , TEST IT

043C 3442 00018 BNZ L111 - - BRANCH FOR MORE?
043E BE 000:19 GLC) RE’
043F 3433 00020 BNZ LDELY2- - - BRANCH FOR MORE?
0441 [l i 00021 SEP RETN - - ALL h ONE - .  RF~0
0442 9F 00022 Ltl1: 01-I l RE - - - WASTE SOME rIME
0443 3635 00023 BNZ LDELY2- - . LOOP AGAIN

00024 ENII

- ,~ _ _ ____~~~~.•_ _ 
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10004 00004 CALL~R4
,4~)005 00005 RETN:~R5

7 00006 - ~~ tltlRESSEE;
- IO2AF 00007 IIELAY=IO2AF

1 ooooa Ftl i~~ 402C1
00009 FM1N:~ 48C22 ,/~ ~~~~~~~~~~ SQf2 .SQ-C

1LL70 00010
00011

: .H( ; 2 0001 2 FL4G3~ 48C52
-48(76 00013 FF’RECP=18C26
‘t - 04-4 7 00014 BUCKET=t044~~

’

00015 ORG ~~~~~~~~~~~~~~~

00016 MEASR : SEX PC
~~~~~~ ~~ 00017 01 5

~€, 
-
~ c~ 000:10 -488 - - TURN ON HIGH V. FAST CLOCK

~ - -ow 1’4 00019 SEP CAL L - . DELAY FOR WA RM liP
&~0~~ 5 O2AF 00020

~~~~~~ 44~~€ ~ 1~~C00021 ,44 15C
~~04~9 1.14 00022 SEP CALL
~~~~~~ O2L1 00023 , A FL’C) - - MEASURE COMMON
ioO~~~C -kIk3 a~~ 00024 1*98
1l04~~iI ;~~;‘ 00025 • A . 0 ( F M I N )  - - PLACE RESULT AT FM IN
1l0~~ F 1)4 00026 SEP CALL.
71O~~ F 02C1 00027 • ACEtIC) - . MEASu RE V--SYSTEM
1s04~-1 SQ 2.~~ 00028 1*89

04-?-i~ 20 00029 •A .0(FMAX) ..FLACE RESULT AT Fl-lAX
11O~~~3 1)4 00030 SEP CALL
-r~o~~~ o- -~:i 00031 .A(FLIC) - - MEASURE STAGE
14O~~ 6 ~ 4 2 . 4 00032 .186

O003~ • A . 0(FSTAG E ) - .STORE RESULT AT FSTAGE
-7(04?~; Ft~~? cX)034 LIII A. 0(FLAG3 - - POINT TO FLAG3

000 PL.O Rh
i~0~~~ 00 00036 Lt’N R8 - - GET FLAG3
~~~4?C 3A~~19 00037 BNZ MEAS1 - - USR BUCKET IF FLAG3-~1.
~~0~ 7F L”~ 00038 SEE’ CAL L
5!-O4~-F 02C1 00039 ,A(FLIC ) - MEASURE PRECIP
~~04~~ ~~~ 2 g 00040 ,

~~~4t~ 26 00041 .A.0( FPRECP) - .STORE RESULT AT FPRECP
~~~~~~ 30~~~8C 00042 BR MEAS2 . - BRANCH OVER BUCKET

~~~~~~ 114 000-43 MEAS1 : SEP CALI_
)A(>4t~~ 0 44w 00044 • A (BUCKEfl . - MEASURE PRECIP WITH BUCKEt

u-. 00045 MEAS?: SEP :LTN . .RETURN TO CALL PROGRAM

- - - - 

00046 END

p . t ’t t ’  I

E.;R[ I c ’ ~ ’~/’-” :~
- -~l .I 0~ 04— ~ IIE:LAY 02Ai —~” FUr 02C 1

p 
i~rI3 “ F~1AX 8C20 - rMIN E)C22 “ F F’RECP 8C:2~
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