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ABSTRACT

Blowing dust storms pose a visibility hazard to highway motorists. An
experimental alarm which senses electrification of a metal antenna by
blowing dust particles is described. The metal antenna can be an
ordinary radio whip antenna or an insulated top strand of barbed-wire
right of way fence to monitor a greater area. The sensor responded
favorably under conditions of half mile visibility and 20 mph winds.
Field tests were conducted by telemetry to an office microcomputer.

Dust related radio noise which blanks out broadcast reception is
attributed to electrification of metallic objects and subsequent corona
or spark discharge.

An experimental acoustic sensor for flowing sand is also described,
along with comment on application of an ionization chamber to detect
motionless dust.
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AN EXPERIMENTAL BLOWING DUST ALARM SYSTEM

INTRODUCTION:

Blowing dust occasionally endangers highway motorists. Dust clouds can
obscure lane boundaries, landmarks, and motor vehicles so that no one
knows what is ahead or behind. Some drivers continue at full speed,
fearing collision from the rear, or because of under-estimating the
extent of the cloud. Others may stop in their paths, or become
disoriented and suffer collision.

The need for a qualitative "dust sensor" becomes apparent as accident
prevention measures are considered. Dust monitoring equipment is
difficult to specify, particularly where the application involves a
large geographical area. A survey of available reduced visibility
equipment is provided in Reference 1.

Fog or pollutant monitors which measure light extinction or radio
transmissivity over long paths cannot discriminate dangerous dense
local clouds from harmless diffuse haze. The energy attenuation may be
gimilar in both cases. Back-scattering and contrast measurement
devices can recognize dense pollutants, but each illuminator or video
camera consumes electricity, and several expensive detector sites would
be required to monitor a lengthy highway area. Microwave and optical
radar are expensive and have the disadvantage that distant clouds may
be obscured by local obstructions. Reference 2 describes effective use
of National Weather Service radar for dust storm alerting in Arizona.

OBJECTIVE:

It was the purpose of this study to investigate low cost alternative
methods of detecting blowing dust, and to develop a device or a system
that could be used to provide a warning of the existence of blowing
dust in concentrations that would seriously impair driver visibility.
A secondary goal was to determine feasibility of a remote automatic
warning system.

BACKGROUND:

During a 1979 dust storm on Interstate Freeway I-84 near Hermiston,
poor visibility caused multiple fatality accidents. (A series of 30
accidents had occurred during the preceding decade, some involving
multiple injuries, and one fatal.) Nearby staff employees of the
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Oregon Department of Transportation asked truckers to call police
on CB radios to summon aid for the injured and to secure flaggers.
When the radios proved ineffective, similar fruitless attempts were
made on VHF industrial radios.

After previous dust storms, highway division VHF radios had been
occasionally reported defective. These were submitted for evaluation
to a highway communications technician, and were found to be fully
operational. A subsequent interview of the radio users revealed the
impression of radio failure had derived from a strong "static
interference" which accompanied the dust clouds. The crackling noise
was simply masking all incoming calls. The transmitters were
operational, yet no response would be heard by the callers until they
left the vicinity of the dust clouds. It was also reported that AM and
FM music radios were disrupted by the dust clouds.

It has long been known that severe storms such as tornados are
accompanied by strong electrical noise. The highly publicized consumer
tornado warning system advocated by Weller utilizes increase of
television receiver "snow" (radio noise) as a detection method. See
Reference 3. Mr. William L. Taylor of the U.S. Commerce Department's
NOAA has been working on specialized receivers to process tornado
noise, and has deployed several since 1971.

The accidents mentioned above involved wind velocities of 25-35 miles
per hour, certainly less severe than tornado class winds. When soil
conditions are unfavorable to dust cloud formation and the winds are
clear, we do not encounter similar disruptive radio noise in Eastern
Oregon. It was suggested that the noise might be "precipitation
static”, similar to the interference caused by electric charge build up
on aircraft antennae shrouds as they pass through clouds. See
References 4-7 regarding precipitation static.

PROCEDURE:

An elementary sensor was sought through cursory study of electrostatic,
acoustic, ionization, and radio noise phenomena related to blowing
dust, Seven experimental dust sensors were fabricated and three of
those which showed promise were interfaced to a microprocessor board
for remote field evaluation. A telemetry link was established between
the field evaluation site and the Highway Division's District 12
maintenance office in Pendleton, where a microcomputer was employed to
monitor and log field response. Three sensors were tried over a 2 year
period.

A UHF portable hand held radio transmitter was obtained and outfitted
with a 20 watt 12 volt solar panel power system. The transmitter and
processor served as a semi-portable field data acquisition system. A
point-closure anemometer was interfaced to the microcomputer, along

with a thermistor-controlled oscillator. This allowed wind speed and
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air temperature measurements to be telemetered from the field., A

crude resistive comb was added to detect moisture at the remote site.
The microprocessor was programmed to accumulate counts of digitized
data from the experimental dust sensors, and to transmit a periodical
report by emulating a type 103 telephone modem. The modem signals were
radioed to a receiving station 60 miles away, then relayed by microwave
and telephone line to the office microcomputer. A beeper was provided
to call attention to prominent events, and a printer and real time
clock were installed for routine logging. Calibration formulae for the
weather instruments were obtained by regression analysis of empirically
obtained points, and the derived equations were included in the

BASIC interpretive program at the office.

A multi-band communications receiver was obtained and tape recordings
were made in various naturally occurring dust clouds over a two year
period. The receiver was tuned to various frequencies of interest
ranging from 10 kilohertz to 30 megahertz. A spectrum monitor was also
employed for frequencies of 1 megahertz to 1000 megahertz. The
receiver demonstrated that radio noise interference was indeed severe
in all cases of dust cloud observation. A 5000 watt AM radio station
less than 15 miles distant was totally masked by noise when the
receiver and antenna were carried into visible dust clouds. Absolute
field strength readings were not taken, but attenuator substitution
revealed that the dust noise at the receiver was in excess of 40 db
stronger than the local radio station.

Spectrum monitor presentations were difficult to interpret because of
the asynchronous impulse nature of the electrical signal. Rather than
the expected semi-uniform "white" noise, a repetitive crackling noise
predominated in all cases, and the character of the noise changed as
the antenna was disturbed or even approached by the observer.
Amplitude was generally independent of frequency. These observations
implied that the noise encountered in these dust clouds was a
manifestation of nearby electrostatic effects not to be confused with
broadcast effects emanating and radiating from a distant dust storm
cloud.

In order to investigate both the nearby electrostatic effects and the
low frequency AC effects of the dust cloud, an electricians "Tic
Tracer" (TM, trade mark of TIF Instruments, Inc., Miami, FL) was used
to probe the antenna. This device is an audio oscillator which is
coupled to an amplified capacitive probe. It is mainly used by
electricians in tracing electrical wiring. The electric field
variations cause "ticks" in the speaker when held near a current
carrying wire. It will also respond when waved near an
electrostatically charged surface, such as a TV screen. The
electrostatic tracer coupled to the antenna produced a lively response
to the blowing dust. If there was visible dust, there was a ticking
response roughly inversely proportional to visibility. For control
purposes, the same tracer was exposed to wind just outside the visible
cloud, and later observed during heavy lightning and thunderstorm
activity, with no response in either case,



Figure 1 Figure 2
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Figure 3
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While using the tracer, another interesting effect was observed. The
test antenna had been insulated so that it could be supported and
maneuvered by hand. As dust clouds passed by, the antenna was shocking
the observer, and sparks of one-quarter to one-half inch were seen
jumping between the antenna and the truck. Sparking had not been noted
while the antenna was connected to the communications receiver because
the antenna was terminated by the receiver antenna port which
constantly drained away the electric charge otherwise accumulating on
the antenna. All evidence suggested that the principal repetitive
component of the radio noise was a relaxation oscillation of
high-voltage charge rapidly built up on the antenna and then abruptly
discharged as breakdown potential of the capacitor formed between truck
and antenna was exceeded. The effect was not observed between two
horizontally spaced antennas, or between a vertical antenna and a
grounded object.

The communications receiver was connected to a separate vehicular
antenna and monitored again. A loud component of the noise was
correlated with the discharge from the second antenna, which was
supported by hand. It was possible to walk around the truck while
holding any metallic object, and touch near the vehicle and get the
same effect: first an electric "corona" noise, then a repetitive chirp
characteristic of a relaxation oscillator. It appeared the dust
particles were electrified by friction and carried a substantial
electric charge relative to the earth. These observations were
repeated upon several different occasions at different locations.

A.X. Kamra, of the Atmospheric Sciences Research Center of State
University of New York, has done extensive research on the
electrification of the atmosphere by dust storms. See reference 8. He
reports that potential gradients of many kilovolts per meter are not
uncommon, and that all available data show that all dust storms are
electrically active, citing references since 1914, Kamra was utilizing
radioactive polonium probes in conjunction with an ionization chamber
to measure the space charge and potential gradient.

RESULTS:

An inexpensive and simply constructed electrostatic detector can be
useful in sensing dangerous blowing dust. A neon relaxation oscillator
can be used to monitor the rate of accumulation of charge on an antenna
caused by blowing dust particles. Detector power is derived from the
moving dust itself. See Figure 4. The flash rate has been observed to
be roughly inversely proportional to visual range. See Figure 5.

These data were obtained with an eight foot whip antenna at mile post
172 on I-84, where flash rate was correlated to visual observation of
sight posts spaced every 200 feet. This example should not be regarded
as an absolute calibration curve. Variations in humidity, soil
composition, and wind velocity are expected to influence the curve.
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According to Schmidt, visual range for snow and sand particles is
inversely proportional to particle frequency and the square of particle
diameter. See Reference 9. Intuitively, the size and frequency of
dust particles passing near the antenna depends on soil
characteristics, humidity, and wind velocity. This sensor has
consistently maintained a "Flashing Threshold" of approximately 18-22
miles per hour wind velocity for local soil conditions which dive rise
to visible dust cloud formation. Clouds ranged from "face powder" to
"very fine sand" consistency. Soil in the experimental area is
described as very fine sandy loam, developed principally from alluvial
sediments., See Reference 10.

The electrostatic dust sensor is easily interfaced to telemetry or
remote alarm equipment by means of back-to-back opto-isolators, This
simple interface has the advantage of indifference to voltage

polarity. The antenna may be a standard insulated-base eight foot
steel ship to monitor a very small area, or it may be an insulated tip
strand of a section of right-of-way fence to monitor a broad (1 mile or
more) area. A section of barbed wire right-of-way fence was insulated
with standard livestock fence insulators for a distance of one-half
mile near a cultivated field which had been producing dust clouds. The
solar powered telemetry station was placed in an uncultivated area
outside the dust path for control purposes. The far end of the fence
"antenna" extended about 100 feet west, into the dust path. The whip
antenna was removed so that the fence strand was the sole antenna for
the sensor.

A few days later, the office computer reported high winds, and
indicated a blowing dust condition, with counts being detected on the
relaxation oscillator at a rate of 40 counts per minute. Site
inspection revealed that a portion of the barbed sire was within the
dust path and was collecting the expected electrical charge.
Visibility was estimated as one-half mile. When a local antenna was
substituted at the telemetry site outside the dust cloud, no response
was observed. Barbed wire extending eastward, away from the visible
cloud, also showed no response,

A light truck was equipped with a similar neon lamp detector attached
to a 4 foot mobile whip communications antenna, and repeatedly driven
through dust clouds of various mild storms during the year. In all
cases, as the wind velocity approached 20 mph and the visibility
deteriorated to one-half mile, the neon lamp began to flash
increasingly with the increasing concentrations of dust. Tape
recordings were made of impulses from the lamp, along with observers
comment on comparative visibility.

Early in the study, an acoustic sensor was fabricated with the intent
of monitoring fine sand particles which were expected to impinge upon a
microphone during a dust blow. Initial experiments utilizing a
capacitor microphone and high pass filter met with marginal success in
suppressing undesired sounds. Later a piezoelectric transducer (solid
state beeper) was substituted. The PZT element proved to be a far
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Figure O.
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superior microphone for this application. The PZT element, which was
self resonant at 6.8 kilohertz, was coupled to a bandpass amplifier
tuned to 13.6 kilohertz (2nd harmonic) followed by a limiting
amplifier., See Figure 4,

The PZT-amplifier combination easily rejected loud unwanted sounds such
as nearby (25 feet) train and truck horns and movements, tire noise,
and yelling, thumping and tampering by humans. Response to sprinkled
fine sand was good, providing high counts of zero crossings which were
easily discriminated from unwanted noise. Similar results were
obtained with fan-blown and wind-blown sand near ground level. The
fine sand grains were collected from dust storm deposits and had
average diameters about five percent the size of table salt crystals.
In early tests, the fine sand was blown at the acoustic sensor with a
one—-third horsepower squirrel-cage blower. The acoustic sensor was
coupled to the remote telemetry unit and monitored for a year., Only
one satisfactory response to a known dust storm was recorded. There
were instances where the acoustic sensor responded to rain and dry
snow, but the office computer promptly rejected those events because of
the relatively low sustained count of particles. There were two
instances of unexplained low counts in zero wind conditions, which may
have been caused by insects walking on the sensor.

An ultrasonic 40 kHz PZT, Massa #TR-89, showed good oscilloscope
sensitivity to sprinkled fine sand, and moderate rejection of undesired
sounds without a bandpass amplifier. This transducer is totally
enclosed in metal, and is expected to make a superior sand sensor. The
ultrasonic transducer has not been field tested.'‘Three brands of
household smoke alarms were hand carried into three dust blows,, and
each gave alarm when exposed to visibility less than 500-700 feet., The
ionization chamber from one smoke alarm was recess mounted into a
cylindrical drum enclosure. Extra mounting holes were drilled to
facilitate crude sensitivity adjustment by controlled exposure. The
ionization chamber was interfaced to the remote unit and observed for
two years. The ionization chambers were abandoned when false alarms
resulted from wind disturbance of previously settled dust and from
spraying of agricultural chemicals. The smoke alarms were also
responsive to fog.

DISCUSSION:

Possible accident prevention measures might include:

1. Prevent or control dust cloud formation. (Irrigation).
2. Prevent or limit travel through dangerous dust clouds.
3. Increase visibility within cloud. (Lighting, Markings).
4. Warn drivers that poor visibility is ahead.

5. Instruct drivers on course of conduct.

Prevention or control of dust clouds relates to agricultural practice,
especially where cultivated land abuts highways. Oregon highway
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Blowing Dust Area
NEXT 40 MILES

Figure 9. Passive Signing

Figure 10. 1000 Foot Visibility

Figure 11. Telemetry Site
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Figure 12. Passive Signing

Figure 13. Fence Insulator
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officials have occasionally requested voluntary activation of existing
corporate-farm irrigation sprinklers with immediate effective results.
(Accident victims have sought redress from farmers adjacent to the
highway, alleging unnecessary hazard was created by poor conservation
practice.) We have seen a benefit from having monitoring equipment in
the field so that timely irrigation requests could be made.

Flaggers can warn drivers and control access through the dust cloud if
there is awareness of the storm in time to dispatch them. The
effectiveness of fixed passive signing has not been established. For
examples of active and passive dust signing practices, see References 2
and 11,

Active warning signs require apparatus to detect the presence of the
dust, and detectors must be placed in locations which correctly
anticipate the storms. Appropriate active warning messages and their
effects on motorists have not been investigated here.

CONCLUSION:

It was our goal to develop and test an inexpensive means of detecting
dangerous dust clouds. The desired detector would be suitable for
deployment at various locations within a broad area, such as along a
ten mile stretch of highway. A secondary goal was to demonstrate that
the sensor could interface with a computer by telemetry to form an
automatic warning device to alert highway crews or activate variable
message signs. The surprisingly simple neon relaxation oscillator used
as an electrostatic voltmeter was the simplest and most reliable of
sensors examined here. This device gave alarm in each of thirteen
separate exposures to known dust clouds in separate locations.

The electrostatic detector authenticated by an anemometer is an
effective qualitative instrument for detecting hazardous blowing dust.
It will not detect motionless dust. In order to acquire the electric
charge, the dust particles apparently need to be carried by the wind
for a short distance. The electrostatic detector has the advantage
that it does not respond to local minor puffs of dust kicked up by
autos or trucks on nearby gravel or dirt roads. The detector has a
slight sensitivity to blowing fine snow, but the telemetry computer can
distinguish snow. The effectiveness as a quantitative measuring
instrument has not been established.

The acoustic sensor was unsatisfactory on the test range, but may be of
benefit where sand content is higher. The acoustic resonant
piezoelectric detector is sensitive to blowing sand, and easily rejects
loud vehicle noise and people sounds. However, it may be responsive to
insects walking and birds calling, and to precipitation. The office
computer can reject most of these undesired effects. For example, it
can distinguish snow from steady blowing sand, which yields higher
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sustained counts., The acoustic sensor does not respond to fine face
powder dust.

The ionization sensor is generally unsatisfactory as a stand alone
sensor, but could prove useful when used in conjunction with an
anemometer. The ionization detector (smoke alarm) is responsive to
face-powder dust, but may be fooled by agricultural spraying, smoke
from field burning, pollen, fog, or secondary disturbance of previously
settled dust. Brief false alarms occur when settled dust accumulated
on the detector is disturbed by new wind. Local puffs kicked up by
passing autos can trigger the ionization detector. Strong radio noise
always accompanied nearby dust clouds. Pursuit of radio or audio
detectors was curtailed because of the relative simplicity of the
electrostatic detector. The demonstration of automatic incident
detection capability is satisfied by the office microcomputer. The
office computer can communicate with remote sign equipment by telephone
modem,

RECOMMENDATIONS:

For experimental purposes, the office computer program was simply
stored on cassette tape, so that it could be easily modified. This
would by unsatisfactory in a permanent installation. The computer
program must reside in permanent memory or be self initializing from
mass—-storage media so that the interpretive program need not be
reloaded manually after commercial power failure. Power Failure is
more likely to occur during wind storms giving rise to dust. A
permanent computer should not produce radio noise in communications
equipment, as was experienced during the experimental period.

An on site dust alarm for automatic incident detection and activation
of a warning sign does not need the office computer to function. The
program of the remote processor board could be modified to evaluate its
own data and provide a contact closure or logic level when wind
velocity and sensor counts exceed established thresholds.

Roadside advisory broadcasting from low power transmitters should not
be used to alert drivers, unless the transmitters are well away from
the affected area., The radio noise interference may mask the
broadcasts.

Agricultural practices in the study area have changed greatly during
the period since this study was proposed and the time of preparation of
this paper. Many acres of previously untilled arid land have been
placed under cultivation and irrigation by corporate farm development
of Columbia River water resources. Although the capacity to
automatically operate a proposed variable message sign has been
demonstrated, that application is not necessarily advocated by the
author. The problem remains of determining the feasibility and
effectiveness of active signing over a 40 mile stretch of highway, and

13



in anticipating proper placement of the sensors and signs under
changing agricultural usage. A current effective use of the dust alarm
has been to notify highway maintenance crews of hazards and call for
irrigation. The remote anemometer and thermometer announce high
probability of dust hazard, and the dust alarm described above confirms
the hazard in the area covered by the sensors.

The response of the electrostatic detector to lightning needs further
study. Recordings were made during three vigorous Eastern Oregon
lightning storms with no occurrence of sensor response. It is probable
that individual lightning strokes would not produce sustained sensor
counts. However, the electrification of the atmosphere associated with
thunderstorms may yield sustained counts in other locales.

The ultimate appropriate length of the livestock-insulated fence line
has not been determined., A five or ten mile section may be useful.

14
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APPENDIX IT

REMOTE PROCESSOR PROGRAM
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HE Rk h b bk b b 2 2 b L B E S LR dE R S LS R E R L S

1 HIGHWAY HAZARD MONITOR
3 *

i* SOFTWARE FOR HERMISTON REMOTE UMIT

i¥® 6802 CRPU, 3.38 Mhz crystal

5*¥ written by Vic Shinsel, Radio Tech 11
;¥ REVISED 4/83
JHREFREEEEEEREREEEREREFFERRERRER LR SRR RS EEE

* % k% ¥ % ¥

~——FROGRAM DESCRIFTION—-—-—
The remote unit is sclar powered. Every 60 seconds, a CMOS
timer energizes and resets the microprocessor.

The microprocessor scans a peripheral port for a three

second sample period, acquiring data from annemometer contacts,
a thermistor oscillator, an ionization detector, an acoustic
or electrostatic sensor, and a moisture detector.

At the end of the sample peried, the procecssor transmits a
serial report with checksum. Software emulates a I00 baud
10% originate modem. "M-lead" keying is provided to activite
the radio transmission link.

Report format is as follows:

AR A 83 a5 88 ‘as ‘SN ‘AU cay 'SS a5 CAS s3 -aS AN ‘ap WE ‘'my ‘as B8 ‘ma -ag ‘A8 -z

A leader of 75 marks, followed by an Ascii carriage return.
L ascii characters for station identifier.
4 ascii characters for thermistor count.
4 ascii characters for hexadecimal annemometer count.
4 ascii characters for hexadecimal detector counts.
2 ascii characters for hexadecimal port data byte.
2 ascii characters for hexadecimal checksum byte.
s ———FPERIFHERAL INTERFACE ADAFPTOR ASSIGHMMENTS-——
INFORT EQU FCO0O0 sPIA INFUT FORT
CQUTFORT EQU FCOO2 sFIA OUTFUT PORT
CRA EQU ¥CoOOt ;s CONTROL REGISTER A
CRE EQU FCOOZ :CONTROL REGISTER E
1 ———HARDWARE ASSIGNMENTS-—-
TONEBRIT EQU 7200000001 sBITO QUTFORT (FRO) MASE=1
TXMERIT ERU ZO0000100 sBITZ QUTFORT (FERZ) MASE=4
TEMPEIT EQU 700000001 sBITO IMFORT  (FARO) MASE=1
WINDEIT ERQU 7200000010 sBIT1 INFORT (FAl) MASE=Z
WATREIT EQU Z00000100 sRBIT2 INFORT (FAZ) MASK=4
TINKERIT EQU 10000000 sBIT7 CRA (CALl) MASE=128
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1 ———RAM AS5IGMMENTS—-—-

BUFR ORG £0000 i RAM BEGINS HERE
TEMFH DS 2 : TEMFERATURE COUNT
TEMFL DS 2
WINDH DS 2 :WIND COUNT
WINDL DS 2
TINKH DS 2 s ACOUSTIC TINK COUNT
TIMEL DS 2
HEBYTE DS 2 : HARDWARE STATUS
ENDEUF DS 1 sEND OF BUFFER
CKSUM DS 1 : CHECKSUM WORK AREA
CHAR DS 1 : SOFTWARE UART EUFFER
EITCOUN DS 1 sEBIT COUNTER FOR UART
ANSTAT DS 1 : ANNEMOMETER FOINTS FLAG
STACK  EQU £7F : TOF OF RAM
; ———FROM——~
FROM ORG £FS00 :START OF FROM FROGRAM
;——-START OF FROGRAM-—-
INIT LDS #STACK :FUT STACK AT RAM TOF
CLRA : INITIALIZE FIA
STAA CRA ; SELECT CONTROL REGISTERS
STAA CRE
STAA INFORT :DEFINE FORT A=INFUT
COMA ; DEFINE FORT E=OUTFUT
STAA QUTFORT
LDAA $6 : DESELECT CRA - SETUF CAl
STAA CRA :SET BITS 1 % 2
LDAA #4 : DESELECT CRE
STAA CRE
LDAA #TONEEIT : OUTFORT GUIESCENT:
STAA QUTFORT ; TONEEIT HI, TXMEIT LO
: ———MAIN FROGRAM———
MATIN BSK GETDATA $GET WIND % TINK COUNTS
ESR TEMF :GET TEMFERATURE COUNT
ESK ASSEMEL :READ FORT &% ASSEMELE REFORT
JSR SENDRFT : TRANSMIT 3I00 BAUD REFORT
JSR GETDATA 13 SEC DELAY
JSR GETDATA ;T SEC DELAY AGAIN
LOOF ERA MAIN : START OVER

y———SUEBROUTIME TO MEASURE WIND % ACOUSTIC "TINES —--
GETDATA CLRA

STAA WINDH :CLEAR WIND COUNTER

STAA WINDL

STAA TINKH sCLEAR TINE COUNTER

STAA TIMEL

LDX #3000 ;3 SEC SAMPLE FERIOD
CHEFW LDAA INFORT ;s CHECE ANNEMOMETER FOIMTS

ANDA H#WINDRIT

CMFA ANSTAT ;GO0 IF NO CHANGE

EER NOCHAMG

STAA ANSTAT +UFDATE STATUS
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EBEC! DEROUNC ;G0 IF FOINTS OFEMING

INC WINDL sFOIMTS CLOSIMG-COUNT UF
ENE DEEDUNC GO IF MO OVERFLOW
INC WINDH + COUNT OVERFLQOW
DEEQUNC ESR MSEC1 .. 31 MILLISEC DEROUNCE
RECG RET + - . ;G0 IF 2 SEC TIMED GOUT
BSR MSEC1 . ;1 M5 MORE DEEGCUNCE
EEQ RET
NOCHANG ESR MSEC1
ENE CHEKW ;LOOF IF MORE TIME
RET RTS
i ———SUBROUTINE TO WATCH FOR TINES DURING 1MS INTERVAL——-—
MSEC1 LDAA INFORT sRESET TINE LATCH BY READIMG IT
LDAA #1446 s IMILLLISEC DELAY CALIER
WAITIL DECA
ENE WAIT1
LDAA CRA iBET TINE LATCH
ANDA #TINEBIT sWAS IT TRIFFED?
REE TIMERZ ;G0 IF NO TINK DETECTED
INC TINMEL s COUNT TINES
EBNE TIMERZ ;60 IF NO OVERFLOW
INC TIMKH : COUMT OVERFLOW
TIMERZ DEX s ADVANCE 3 SEC TIMER
RTS sRETURN WITH TIMER FLAG
; ———SUEROUTINE TO MEASURE TEMF 0OSC FERIOD
TEMF LDX #O ;s CLEAR COUMTER
WAITHI LDAA INFPORT ;L0O0OK AT THERMISTOR SIGNAL
RITA HTEMFRIT
BREQ WAITHI sWAIT FOR +EDGE OF WAVEFORM
WAITLO LDAA INFORT s LOOKE AGAIN
BITA HTEMFEIT
ENE WAITLO iWAIT FOR -EDGE OF WAVEFORM
CMTUF INX s COUNT UF TEMFERATURE
LDAA INFORT
BITA HTEMFEIT TWHILE SIGNAL REMAINS LOW
REL ENTUF
5TX TEMFH ;s SAVE TEMFERATURE COUNT
RTS
s ———SUBROUTINE TO ASSEMELE REFORT—---—
ASSEMBL LDAA INFORT s LO0OK AT HARDWARE SIGMALS
STARA HERYTE sSAVE A COFY
LDX #BUFR sFOINT AT BRUFFER START
EBSR ASCON sCOMNYV TEMF (HEX TO ASCII)
BSR ASCON ; CONY WIND
BSR ASCON s CONY TINE
BSR ASCOM ;s CONV HEBYTE
LDAA #Z s INSTALL END OF TEXT MARE
STAA ENDERUF
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5 ———CALCULATE CHECKESUM—---

CHEESUM CLRA :CLEAR CHECKESUM REGISTER
LDX #BUFR sFOINT AT START OF BUFFER
SUMMATE ADDA 0,X :ADD CHARACTER VALUE
INX .. 3FPOINT AT NEXT CHAR
CFX #ENDBUF - :SEE IF LAST CHAR
BMNE SUMMATE - ; ;LO0OF IF MORE CHAR
STRA CESUM s STORE CHECKSUM BEHIMD BUFFER
s ———CONMVERT HEX BYTES TO ASCII——
ASCOM LDAA 1,X sGET LSE HEX EYTE
PSHA ;SAVE A COFY
LDAA O, X% sGET MSE HEX BYTE
ESR CNVRTZ2 : 60 CONVERT HEX TO ASCII
FULA sGET LSE BYTE ABAIN
CNVYRTZ FSHA s SAVE A COPRY
LSRA :SHIFT M5B NYEL INTO LSE NYEL
LSRA
LSKRA
LSRA
EBSR CMVRT1 : COMVERT MSE NYEEBELE
FULA s GET LSE MYEBELE
ANDA HFOF sMASKE. IT
CNVET1 ADDA #°0° ;CONVERT 0-2 TO ASCII
CMFA #'9° 1 CHECE. FOR A-F
BLS STOW
ADDA 7 s CONVERT A-F TO ASCII
STOW STAA 0,X% 3STOW ASCII CHAR IN BUFFER
INX sPOINT TO NEXT BUFFER SFOT
RTS
§———-SUBROUTINE TO SEMD SERIAL DATA REFORT———
SENDRFT LDAA OQUTFORT sEEY TX ‘M LEAD
ORAA #TAMEBIT sMAKE IT HI STATE
STAA OUTFORT
LDAA #75 175 MARES LEADER
LEADR FSHA
ESR MARK s SEND LEADER
FULA ;LOCF IF MORE LEADER
DECA
BNE LEADR
IDENT LDX . #IDMSG sFOINT AT IDENMT MESSAGE
ESR MSGOUT ;s SEND MESSAGE
LDX HEBUFR sFOINT AT REFORT BUFFER
ESR MSGOUT - s SEND REFORT
LDX #CKSUM sFOINT AT CHECESUM EBYTE
BSR CHAROUT i SEND CHEKS5UM
LDAA #TONEERIT sRILL TX "M’ LEAD & TONE
STAA gUTFORT
RTS
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MSGOUT LDAA O, % 1 GET CURRENT CHAR INTO BUFFER

STAA CHAR
CMFA #3 _ :END OF TEXT MARET?T
EEG  RETL  :DONE IF ETX
BSR CHAROUT .. 3;SEMD CHARACTER TO MODEM
INY ' A :NEXT CHAR
ERA MSGOUT . : LOOF FOR MORE
;1 ~——300 BAUD SOFTWARE MODEM——-—
CHARDUT ESF SFACE :SEND A SFACE ('STOFP’ PULSE)
LDAA #8 18 ASCII BITS
STAA EITCOUN :SAVE BIT COUNT
SHIFT ROR CHAR ;SHIFT BIT OUT
BCC ZERD :G0 IF SFACE
ESK MARE :SEMD A MARI
ERA COUNT :ONE LESS BIT
ZERO ESF SFACE ;SEND A SPACE
COUNT DEC EBITCOUN ;LOOFP IF MDRE EITS
ENE SHIFT
MARKS BSR MARE ;SEND 2 MARKES ('STOF’ PULSE)
MARE LDAE #15 sFOR 15 HALF CYCLES--
MRETONE LDAA OUTFORT : MAKE MARE TONE (2225 HZ)
EORA #TOMEEIT s:FLIF TOME RIT OVER
5TAA OUTFORT
LDAA =0 1225 MICROSEC CALIER
HALFCY1 DECA
ENE HALFCY1
DECE s ENODUGH CYCLES?
ENE MRETOMNE
RET1 RTS
SFACE LDAE #13 1FOR 13 HALF CYCLES—-—
SFCTOME LDAA OUTFORT 1 MAKE SFACE TONE (2025 HZ)
EORA H#TONERIT sFLIF TOME BIT
S5TAA OUTFORT
LDAA #33 1247 MICROSEC CALIE
HALFCYZ DECA
ENE HALFCYZ2
DECE : ENDUGH CYCLES?
ENE SFCTONE
RTS
1———1ID MESSAGE STRING———
1DMSG DE = : CARRIAGE RETURN
DR “HRM* s HERMISTON IDENTIFIER
DE 3 :END OF TEXT MAREER
;———DEFINE RESET VECTOR---
ORG *FFFE : POWER-OM RESET LOOKS HERE
RESET DR FROM ;1 FOR FROM ADDRESS
END END :END OF FPROGRAM
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APPENDIX TIII

OFFICE COMPUTER PROGRAM EXAMPLES
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1000
1010
1020
1030
1040
10530
1060
1070
1030
1020
1100
1110
1120
11320
1140
11560
1140
1170
1180
11720
1200
1210

220
1270
1240
1250
12460

270
1280
1290
1300
1510
1IR30
12320
1340
1350
13240
1370
1Z80
1390
1400
1410
1420
1430
1440
1450
14&0
1470
1480
1450
1500
1510
1520
1570
1540

1550

(07 BYMBOL REFRESENTS EXFOMENT IN THIS LISTING

ROk ko R cRokRoR ok ook kR ok kS R R Rk ok Rk K

¥ OREGOM STATE HIGHWAY DIVISION X

"k DISFLAY SOFTWARE FOR X

"4 DUST HAZARD MOMITOR %

¥ REVISED 4/12/8%, VIC SHINSEL %

"k THIS VERSIOM FOR TRS-80 MOD 1 %

TRk ook ok Rekeiokodok Rk SOk Aok R R okok Rk K

REM LLOG OMN SYSTEM

CLEAR 200

N ERROR GOTO 2BZ0

CLS:FPRINT: FRINT "USE MEMSIZIE IZ2300."

FOR JJ=1 TO 1000:NEXT

CLS:GOSUR 2480 :FRINT TIS:FRINT:FRINT:FRINT
FRINT"DATE % TIME CORRECT? (Y/M)"
YN$=INKEY$: IF YN$E="N" GOSUR 2540 G070 1130
IF ¥YNs<x"Y" GOTO 1150

REM SERIAL FORT IMITIALIZATION
? FOR FROFRIETARY MICRO COMNECTION MODEM
OUT Z20%9,7:FO0R J=1 TO 10:MEXT:0UT 209,464:00T 209,78:0UT 20%9,7

REM INSTALL USER CODE FOR MODEM

FOR J=32512 TO Z2S89:REM FROM 7FOOH TO 7F4DH
READ K:FOKE J,K:NEXT

DATA 217,33,78,127.54,77, 17,864, 1546,14,70,219
DATA 209,203,79,32,13,27,123,178,32,245, 17, 44
DATA 156,13,32,239,217,201,219,208, 230, 127, 254
DATA 13,32,1%,33,78,127,119, 4,20, 245,58, 78

DATA 127,254,13,241,32,514,119,35,146,210,42,0
DATA &6,20,33,78,127,134,35, 16,252, 190,462, 71
DATA 40,2,482,46,119,217,201

FOEE 16326,0:FQKE 146527, 127:REM USER VECTOR TO 7FO0H
BU=Z2570 $REM REC. BUFFER ADDRESS, 7F4EH

REM OFTIONS

AB=1: REM ENAELE ALARM BEEFER

REM MAIN FROGRAM ENTRY

CLS: FRINT

FRINT"I AM WAITING FOR DATA FROM REMOTE SITES. "

REM MAIM FROGRAM LOOF--LISTEM FOR TELEMETRY STATION
JI=IMF (208) : REM FLUSH UART®S5 RECEIVE BRUFFER

Z=USR (2} sREM GET TELEMETRY DATA, CALL 7FO0H

FORE 15400, FEEK(BU) ::REM COPY ERROR FLAG TO SCREEN

GasUe 2710 s REM VYALIDATE CHECESUM

FORE 13400, A8C(LEFT®(E%, 1)) sREM DISFLAY FOLL FLAG

GOGUR 2480 sREM GET TIME % DATE

IF E$="G" AND DT=11 LG%="RESTORED ~":LFRINT LG%;TI%

IF Ed="G" THEMN DT=0:LF&%=MI% s REM RESET DROFQUT TIMER
IF Es="GE" THEN 1370 s REM G0 FROCESS 5000 DATA

IF LF$>MI% THEN LF$=MI%:DT=DT+1 :REM ADY DROFOUT TIMER
IF DTx10 THEN DT=11

IF DT<>10 THEN 1420 :REM EAD DATA, GO LISTEM AGAIN
CLS:DT=11:LG%="SIGNAL DROFOUT-":FRINT LG$;TI$
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1550
1570 REM COFY GROD DATA FROM RECEIVE BUFFER TO M
1580 M&E=""3FOR J=1 TO 12:M&=ME+CHRS (FEEE (BU+I)) i NMEXT
1590 @

— 1&OOREM TDENTIFY REMOTE UMIT
1610 TD%=LEFTS (M$, )
1&20 IF IDH="HRM" THERMN ID$="STANFIELD" :GOTOD 14650
1620 IF ID$="CAER " THEMN ID%="CABEBAGE HILL":E$="T":G0T0 1440
1540 E$="N":GOTO 1470 : REM ID ERROR
1650
1640 REM FARSE FIELDS &% CNVRT TO DECIMAL
1670 FI=BU+4 ::GE0SUR 2210 :T=FX:REM TEMFERATURE
14680 FI=pU+B 1GO0SUR 2210 :W=FXsREM WIND

1690 FI=RU+12:E08UR 2210 :A=FX:REM ACOUSTIC -
1700 IF A0 DR AX1000 THEM E$="0" :G60TQ 1420 :REM OVER RANGE

1710 3

17320 REM SEFARATE AND CONMVERT FPARALLEL DATA FORT INFD
17720 Pl=FEEE/(BU+17)-483IF F1 »2 Pl=F1--7

1740 PE=FEEK (BU+18)-48:IF P2 »>9 FIZ=F2-7

1730 DWEE="DRY":IF F1 AMD 4 THEN DWH="WET"

1760 BNE=8TR$ (A)

1770 3

780 REM TEMPERATURE CALIBRATION % INTERFOLATION

17320 IF IDSCX"STAMFIELD" THEN E$="N":0G0T7T0 1470 :REM NOT CALIER
1800 IF TS50 DR T 800 THEN E4="0":50T0 1470 :REM OVER RANGE
1810 IF T 85 THEN T=6Z&4.032%TL-.41274% :G50T0 18&0

1820 IF T« 139 THEN T=7Z2Z.121%TL-.44545982 :30T0 1840

1230 IF T Z4% THEN T=13Z9% XKTL—-. 379435 G0TO 184&0

1840 IF 9% THEN T=3514.27%7TL-.743473 :E0T0O 1840

1850 T=Z5o23Z. 1%TL-1. 132645

18460 T=INT(T410+.5) /10 :REM ROUNMD OFF TEMFERATURE

1870 =

1880 REM WIND CALIBRATION

1890 I W0 OR W>Z00 THEN E$="0":G60T0 1470 :REM OVER RANBE
1200 IF W=1 THEN W=0 :REM THRESHQLD .
1910 W=Z.Z3Z3Rk6/ 3.1

1220 W=INT(W+.5) :REM ROUND OFF WIMD

1930 3

1740 REM INTERFRETATION OF DATA

19530 CX:="GREEN":G0O5UR 2480 :REM GET TIME

1260 IF W =18 CX&E="YELLOW"

1270 IF W:x18 AMD DW$E="DRY" AND Ax1 THEMN CX&="RED"

1780 GOSUR 2440 :REM CONSTRUCT LOE MESSAGE
1290 3

2000 REM DISFOASITION

2010 IF LEFT$ (CX%, 1)="R" GOSUR 23Z0 ELSE IF CR»)H CR=CR-—1
2020 IF LEFT$(CX%, 1)="¥" GOSUR 2440

2050 IF AX0 LFRINT LG$

2040 GOSUR 2260 : REM BEEF AT NOON




2OT0

2040 REM WRITE REFORT ON TV SCREEN

2070 CLS:FRINT CHR$(28); "CONDITION: “3CX%; TAE(42) 1 Ms
2080 FRINTD 192, "STATION"; TAE (15) ; "COND" § TAR (25) 3 "TEMF Y

208 PRINT TA ISy s WIND "y TAR (S  "SENSDR"

2090 FOR JJI=1 TO 12:FPRINT"——=—=": s NEXT:FRINT

2100 FRINT IDS; TAR(14) s DWS; TAR(Z2S) s T3 TAB(ZS) s W TAR(SS) s ONS
2110 FPRINT2S3G,

2120 IF ARl THEN FRINT"X% ALARM EBEEFER DISARLED"

Z1T0 IF A0 THEN FRINT"¥% ELECTROSTATIC CHARGE DETECTED"
2140 IF &-4 THEN FRINT"* RAFID CHARGE ACCUMULATIONM

21530 IF Wx18 THEN PRINT"% HIGH WINDSY

2160 IF RWs="WET"AND T>31 AMD T<34 THEMN FRINT"X ICE FOSSIRBLE"
2170 IF DW$="DRY" AND T«<3Z THEN FRINT"% FREEZING"

2180 FRINTY? 984, "LAST DATA REC"D: ":TIl®:

2170 GO0TO 1420

2200 3

2210 REM SUBROUTIME TO CONMVERT ASCII HEX TO DECIMAL

2220 FX=0:FOR N=0 TO 3

2220 Z=FEER(FI+NM)-48:IF Zx9 THEN ZI=7Z-7

2240 FX=FX4+Z¥1&60(Z-N) :NEXT:sRETURN

DRE0

2260 REM BEEF AND LOG NOONTIME DATA

2270 IF HR$C"1LLY OR VAL (MI%) <548 OR PMS ="4M" THEM RETURN
2220 GOGUR 2480 :IF MIs=-"QoO" THEMN Z280

2290 CLS:FPRINT CHR$(2Z) 3 "NOON CHECK. .. " LFRINT CHRS(7):
2300 FOR Jd=1 T0O Z000:NEXT

GOSUR 2640 | FPRINT LG%:RETURN

REM FROCEDURE FOR CONDITION RED

CR=CR+1

IF CR= 1 THEM LFRINT LGB&:RETURM

IF CR=10 THEN LFRINT LG%:(CR=5S

FOR RR=1 TO =

i tCLSsFRINT CHRE$ (2Z) 3 "CONDITIAON RED! LRLOWING DUST!"
ZI70 5 IF AB=1 AND CR+<4 THEN LFRINT CHR$(7); *30UND ALARM!
2400 +FOR JJI=1 TD SOO:NEXT:CLS:2F0OR JJ=1 TO I00:pNEXT

2410 NEXT RR

2420 RETURM

2430 8

2440 REM FROCEDURE FOR CONDITION YELLOW

2450 CY=CY+1:IF CYr14 THEN CY=0:LFPRINT LG

24450 RETURRKN
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2470
2480
2490
20
2510

ey
AP

2520
2530
2540
2550
2840
2870
2580
25920
2&H00
2610
2ARED
2EI0
2640
24650
2660
2&70
2680
2670
2700
2710
2720
2730
2740
2730
2760
2770
2780
2730
2RO0
2810
2820
2RO
2840

REM READ TIME DATE

TFROFRIETARY CODE TO READ REAL TIME CLOCK
TINTO VARIAEBLES SHOULD BE FLACED HERE.
GOSUER 2540  "DUMMY TIME VARIABLES

RETURN

REM SET TIME DATE

"TFROFPRIETARY CODE TO INITIALIZE REAL TIME CLOCK

"AND DAILY CALENDAR SHOULD EE FLACED HERE.
"WE USED ALFHA TIMEDATE B0 CLOCK

"AND ACCOMFANYING SOFTWARE.

"DUMMY VARIAELES FOLLOW. ...

TI$="CLOCK DISABLED"

YR$="0": MO$="0": DA$="0" s HRH="0": MI="0"
FM$="FM"

RETURN

REM CONSTRUCT LOG MESSAGE

LE$S=LEFTH (CX%$, 1)

LES=LEE+" "+TI$+" "+ME+" "+DW$+" "+ONS+" T +8TRE (T)+"

RETURN

REM CHECESUM VERIFICATIOM

CSUM=0:FOR JJ=0 TO 17
CEUM=CEUM+FEER (BU+JJ) s NEXT JJ

IF CEUM>23S THEN CSUM=CSUM-25&4:G0T0O 2730
N=FEEF (BU+1%?) —-48: IF MN>? THEN M=N-7
RSUM=N

N=FEEE (EU+18)-48: IF NX? THEM MN=N-7
REUM = RSUM+1&L%KN

IF CSUM=REUM THEN E$="G" ELSE Es="C"
RETURN

:REM RUM TIME ERROR FROCESSING
CLE:FRINT "ERROR";ERR; "IN LINE":ERL™"
FOR JJ=1 TD Z000:sNEXT

RESUME 147Z0

W'-STRS (W)
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- R I B A R R R
;% USER CODE FOR OFFICE COMPUTER +
s TRE-80 BASIC IMTERFRETER | *
DREEEREEREEEREREEREREER LR R EE LR

iThis user cade is called by the BASIC program which resides in the
soffice computer. The purpose of this program is to check status of
ithe serial modem port, and fill a buffer with the data collected by
sthe remote telemetry unit. The cheksum is validated, and then control
iis returned to the BASIC program for interpretation & logging of data.

$ The buffer is at
sascili characters.

[ )

memory location IEE520d (7F4Eh), and consists of 19

SECOMD CALIBRATION

SEC LISTEMING TIME
ART RECEIVE DATA FORT
UART RECEIVE STATUE FORT

SECAL
TIME

DEORT
SFORT

=eu 40000 il
EQL 10 slo
el =08 :
EGU 209 H
7EOOH # USER FROGRAM BEGINES HERE
$5AVE ALL REGISTERS

OrRG

START EXX

CHECE

I-D
I-D
LD
LD
TH
BIT

HL , ELUFFER
(HL)Y , 1M
DE , SECA
C,TIME

&, (SFORT)

1,A

sFOINT &T

BUFFER

s BUFFER EMPTY FLAG

TLOAD 1 SEC TIMER

sLOAD 10 SEC LISTEM TIMER
s CHECKE UART STATUS FORT

P ANY CHARACTER RECEIVED?T

IR NZ ,GOTCHARE ; ves: GO FROCESS CHAR.
DEC DE :  no @ COUNTDOWN 1 SEC TIMER

LD A,E : 1 SEC EXFIRED?T

R D

JFR NZ , CHECK —% : no @ CONTINUE CHECKING STATUS
LD DE , SECAL : yes: RESET 1 SEC TIMER

DEC C ; 10 SEC EXPIREDT

COMTIMUE CHECKING STATUS
FRETURM TO BASIC FROGRAM

IR NZ ,CHECK % ; Ao
EXFIRE  JF DONE : ves:

GET UART CHARACTER

STRIF PARITY

IS5 IT CARRIAGE RETURNY

CR I5 IM FLACE

GOTCHAR  IN A, DFORT
AND 7Fh
CF 1=

‘s@ ‘mg ‘as

IR NZ,CONFIRM—-% ; no : GO SEE IF
LD HL , BUFFR i vyes: FOINT AT START OF BUFFER
LD (HL) , A : FUT CR IM BUFFER

LD B,20 : SET BUFFER SIZE
FLSH aF
LD &, (BUFFR)
CF 17
FOF aE
JF NZ , CHECE—#
PUTEUF LD (HL) L &

ING HL.

DJNZ CHECKE—% FCONTINUE UMTIL

COMFIRM

iCONFIRM 18T CR IS IN BUFFER

CR ARSEMT
In BUFFER
LOCATIOM
Fro FULL

sRESTART IF 15T
s FUT CHARACTER

sFOINT AT NEXT EBUFFER
BUFFE

R SUM LD A, 0 TLLEQF CHECKSUM COUMT
LD B,Z0 s MUMEBER OF BEYTRS TGO SUM

LD Hi-, BUFFR s POINT AT BUFFER START



CALD

DONE

BUFFR

END

ADD
ITHE
DJINZ
CF
D
JR
LD

EXX
RET

ORG
D8

END

A, (HL)
HL.
CALC—#
(HL)

&y G

Z , DONE~$
A, R’
(HL) ,A

JREID

20

;s CALCULATE CHECHSUM

s COMPARE AGAINST RCVYD CHECESUM
FFLAG GOOD CHECKSUM

s DONE TF GO0D CHECKSUM

s FLAG RAD CHECSUM

$FPUT FLaG TN BUFFER

s RESTORE REGISTERS

sRETURN TO BASIC FROBRAM

s DEFINE EBUFFER LOCATION
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