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© INTRODUCTION

This report describes a prototype automatic weather station based upon
the Rockwell, Inc. AIM-65 microcomputer and intcnded for use at U.5. Coast
Guard stations in making scheduled reports to the National Weather Service via
conventional telephone or teletype circuits.

The system was tested at the Yaquina Bay (OR) Coast Guard Station in
February-March 1981 with good results; station interrogation occurred from
" both So. Beach, OR and Portland, OR during the test ﬁsing modems, an acoustic
coupler, and a terminal. |

Provided that suitable sensor outputs are available at a station, the
system-with its existing software - couid be installed at other Coast Guard
coastal facilities for about $2,500 each.

The system enables NWS stations to interrogate a Coast Guard station for
" weather conditions at any time, whether 'the Coast Guard communicator's posi-
tion is on live watch or not. It provides continuous digital weather display
to the Coast Guard communicator, for hi% operational use. It also prints out
the weather message whenever interrogatéd and once each hour.

EQUIPMENT

The system consists of a Rockwell,}lnc. AIM-65 microcomputer with BASIC
compiler, a tape cassétte player for pr$gram loading, a sensor interface
boar& mounted withiﬁ the AIM-65 and én integral sensor connector panel, Fig.1-3
and Appendix A. A computer terminal wi%h R$~232 interface and modem is
required to remotely interrogate the AI$—6S, Fig. 4.

INSTALLA%ION

The System should be mounted at a }ocation in the Operations Room con-

venient to the communiﬁator's panel, toja 110v. 60lz socket and to either a

20 ma, teletype line or telephone modem with R3 232 interface. Coax cables
!
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from each weather sensor (BNC male fittings) are plugged into the sensor
connector pancl according to the channel sequence:

Channel 1 Wind direction

2 Wind speed

3 Wave height (0SU Mod. SW-1D)

4 Sea water temperature (0OSU Mod. TW-1A)
5 Air temperature (0SU Mod. TA-1A)

6 Barometer (future)

7 Tide (OSU Mod. SL-1A)

8 Radiometér (not used in this test)

The ribbon cable from the 0SU-developed digital wavemeter "period” out-
put is connected to a special comnector; it provides wave-period data in BCD
form at 0, +5v. levels. |

The program loading regimen is listed in Table I, the program listing
is shown in Appendix B.

OPERATION

The output format of the weather message is shown below; 'weather/visibility,"

"barometric pressure” and "remarks' groups are entered manually (barometric

pressure could be automatic if a suitable sensor werc available at the station}:

Group 1 958  CDY 02 / SW 15
(ID)  (WX. VIS.) (WIND)
Group 2 /0810W  / 042 / 058 / 3012
(WAVE) (SEA TEMP.) (AIR TEMP)  (BARO.PRESS.)

Group 3 jo6d /04 fSMALLCRAFT JYAQ
tide (AT) (Remarks) (ID)

The AIM-65 displays each group on a 20 character LED display consecutively
on command; it also prints out all groups upon interrogation and once each

hour, for record purposes.



The following is a sample message printout from the AIM-65 printer.

The following is a sample interrogation received on a remote terminal.

|
955 CLDYO? / SWIS/O712W/058/053129567089/00/N0 UARNINGS /YRR

Table II lists the operating sequence. Note that the operating program

must be re-loaded from cassette storage in the cvent of a power interruption,
since the AIM-65 internal memory storage is volatile {program loading by
cassette tape would be replaced by a PROM chip in the AIM-65 for operational

installations).

OPERATING REBULTS
AT YAQUINA BAY! C.G.S.

Routine operation of the system by toaét Guard personnel was satisfactory
after about 1/2 hour training using a cuh card (Table 11}. Interrogation
from remote terminals was completely relﬁable; the interrogation sequence
is listed in Table III. No system glectﬁonic failures (other than weather

sensors) occurred during the two-month tkst period.
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TABLE 1

WEATHER INFORMATION TRANSMISSION STATION
Program Loading Instructions

ACTION

RESPONSE

Turn on power

Printer prints "ROCKWELL AIM 65"
Display shows &

Place program tape in cassette unit

Type 5

4]

Display = "MEMORY SIZE?"

Type 3200 (RETURN})
- Type (RETURN)

il

Display = "WIDTH?"

Printer prints "2670 BYTES FREE
AIM &5 BASIC V1.1"

Display shows A AIM 65 BASIC V1.1

Hold down CTRL key and depress and
release PRINT key

Printer is off
Display shows "QFF"

Type LOAD {RETURN)

Display shows "IN="

Type T (this indicates "tape")

Display shows "IN=T F="

Type WETHR (this is file name)
Type 1 (RETURN) (1 is tape unit #1)

Display shows "INsT F=sWETHR T="¢
—— Display shows "IN=T F=WETHR T=1"

Depress PLAY bar on cassette unit

Display will show parts of program
listing as tape is being read. When
A is displayed, Basic program has
. been lpaded.
Display shows A

Depress STOP on cassette unit

Type ESC key

Display shows Z

Type L

Display shows "IN="

Type T (for tape)
Type WETHR (file name)

Display shows "IN=T F="

Display shows "IN=T F=WETHR T="

Type 1 (RETURN) (for tape unit #1)

Display shows "IN=T F=WETHR T=1"

Depress PLAY bar on cassette unit

Display does not change until program
reading begins, then display shows:
"LOAD F=WETHR BLK= XX"

After program is read from tape,

} display shows £

Depress STOP bar on cassette unit
REWIND tape and remove tape
cassette from unit

Type 6
(Aim 65 is now back in Basic and
ready to run the system)

Display shows ABD

Type RUN (RETURN)

NOTES:

Diplay shows "WX/V5B?"

Program turns off printer and tape unit motor. These cannot be turned on while

program is operating.

The program can be halted by typing the F1 key. This will cause a "Break in
(1ine no.)" to be displayed. Typing CONT (RETURN) will cause the program to begin
execution from where it left off when the F1 key was depressed.



If RUN (RETURN) is typed, the program starts at the beginning and all mannal
data must be re-entered (see operating instructions}. 01d manual data cannot
be retrieved, because the RUN command scrybs it. In addition, if the program
is stopped in order to turn on the printe¥ {CTRL PRINT) and CONT is typed, the
printer will be turned off (by the Program) after the next MODEM interrogate
has been serviced. If RUN is typed after turning printer on, then the printer
will be turned off immediately as the program begins to run.

1f program does not seem to be operating, or seems to operate improperly, first
try the following:

Push the RESET button (left side-panel, at the rear).
Type 6 then RUN {(RETURN).

Re-enter manual data as requested by display.

If possible, request an interrogate from the MODEM.

If program still does not seem to run properly, then turn off AIM 65, wait a few
seconds, turn it back on and reload the program from cassette tape.

In case of a power failure, the program wyst be reloaded from cassette tape
after power is restored and is stable.

: I
NOTE:

Since this is an experimental device, the printer on the AIM 65 has been pr0grammed
to print the weather data whenever 1nterr¢gdted by the MODEM; this print out is
identified by the word MODEM preceeding tme weather data.

The printer will also print the informatign groups which are displayed to the
operator. This printout has no identifier, and occurs at regularly timed

intervals.




TABLE II

ROUTINE OPERATION

Printer will print all 3 groups
a. Once each hour '
b. Whenever computer called by a remote terminal

DO THE FOLLOWING STEPS AT LEAST EVERY 3 HOURS!

Rol1l through display of all 3 groups by succusively pressing space bar,
remembering contents of weather, visibility, pressure, and remarks sections.

To change contents of manual entry parameters, press C key

Display shows WX/VSB?

a. Enter weather conditions and visibility in miles (8 characters allowed)
ex: CDYR@2 for cloudy, with rain and 2 miles

b. Press F3 key o

c. Press RETURN for no change

Display shows BAROMETER?

a. Enter current pressure reading (leave out decimal point)}
ex: 3019 for 30.19 dinches

b. Automatically advances after 4th digit typed

c. Press RETURN for no change

Display shows REMARKS?
a. Type weather warnings, equip malfunctions, etc. (12 characters allowed)

b. Press F3 key
c. Press RETURN for no change

Display shows group 1 information

Cycle through groups 2 and 3 by pressing space bar to make sure information

js correct. If incorrect, go to step 3.

Parameters not entered manually are updated every 20 seconds (display
flickers). The keyboard will be temporarily disabled when an update occurs.

- 2-18-81



TABLE II

Interrogation Spquence
Turn on terminal and acoustic ﬁq;pler or modem,
Set terminal fér 300 baud.
Turn terminal selector switch from LbCAL to LINE.
Dial (503) 265-8220-

When carrier tone is heard, place hahdset in coupler or press data

button on modem.
Message §s printed on terminal,

Hang=up by replacing handset on phone cradle or pressing talk on modem.




Appendix A

CIRCUIT DIAGRAMS
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Appendiy B

PROGRAM LISTING
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BASIC LANGUAGE PROGRAIN

The software which controls the operation of WITS is composed of
programs written in machine code and in high-level Basic. Aim 65
Basic is used to accomplish the followimg functions:

- Provide initialization of variables and of pointers for USR
function (Lines 5 through 25).

- Provide operator prompts to the alphanumeric display for
manual entry of data. {Lines 30-40).

- Provide for manual entry, correction, and changes of data
entered from the built-in keyboard. {(Subroutine 500)

- Operate the alphanumeric d1sp1ay for presentation of weather
data. {Lines 115-155)

- Operate the built-in 20-coTumn pr1nter for hourly printout of
weather data. (Lines 132-133) _

- Do the ‘required calculations to ¢onvert each sensor’s digitized
value to "engineéring" units. (Lines 45-85; Subroutines 200,
300, 400)

- Form the engineering units into "str1ngs" of particular length
and format (see examp]e of disp1ay in Operating Instructions)
and store the strings in a memory array. {Lines 90-1C5)

- Obtain the ASCII value of each sfring character and store it in
a separate "output buffer" in memory (for use by the MODEM
machine-code output routine). ($ubroutine 600)

- Form the difference between minimum and maximum values from the
Radiometer sensor, and periodically reset the values used for
the min and max comparisons. (Subroutine 400)

- Test flags in memory to determine whether to update data,
output to modem, or output to built-in printer. Flag testing

~ is done only in the data display "loop" so that interference
with the operator will not occur. (Lines 128-133}.

The following VARIABLES are used:

A Starting address of digitized-data memory buffer.
See Line 10.

D Index for reading Data statements. See Line 210.

F Used to clear lower 4 bitg of memory flag at 4094;

these bits indicate a data update. See Line 45.



=

L5 B s |

HI
L0

MN

14S

MX

Length of strings for loading "output buffer" for MODEH

cutput. See Line 600.
Utility variable:
variable base address fo
See Lines 30, 35, 600, 6

Utility:
MODEM buffer memory addr

maxim*m characters for manual entry;

MODEM output memory buffer.
5. _

Character coun&er for manual entry; index for

ss. See Lines 520, 605.

Decimal value of wave pe%iod (from BCD conversion)

See Line 72.
Value of memory flag for

"Group" counter for disp
Lines 120, 145.

Value of tide data word.

Subscript variable for w
Lines 215, 220.

vDummy for- USR function-f
See Line 5.

Upper 4 bits of BCD wave

Lower 4 bits of BCD wave
decimal conversion). Se

Value for comparison wit
Lines 20, .405.

I timed printout. See Line 132.

ay of weather data. See

See Line 300.

jnd direction array. See
b0 access machine code).

period data word.

period data word (for BCD to
E Line 70.

h Radiometer minimum. See

Counter for number of sapples of Radicmeter. See

Lines 20, 425.

Value for comparison wit
Lines 20, 410.

C1 through C8 designate data word

K1, K2, K3, K&

T%

one through eight. Vari

Cn = 8-bit data word
Cn% = integer value of a
Cn$ = String variable fo

For an example, see Line

constants used in

units. See Line 25.

Integer value of calcula

n Radiometer maximum. See

. for analog sensor channels
htions of Cn are as follows:

calculation on Cn.
- Cn or Cn%.
50, 55.

conversion to "engineering”

tion on T (Tide). See Line 300.

F
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AS
BS

K$
PS
RS
S$

T$

V$
C1$-C8%
1D$

0B$

5L$
WDS$(D)
Wx$(1)
WX$(2)
WX$(3)
WX$(4)

'Station ID number.

Utility string which contains "old" manual-entry data

during manual input mode|.

See Lines 30, 510.

Utility string which conftains current manual-entry data

during manual input mode.

Keyboard character. See

String character for wavp

String for "Remarks" entfy.

See Lines 30, 520.
Lines 140, 505.
period. See Line 73.

See Line 40.

String of 12 spaces, usefd to equalize length of manual-

entry data.

Temporary string value fpr Tide data.

String for weather/visibjility code.

See variables C1 through

See

See Line 53[.

L=

See Line 315.
See Line 30.
C8.

L ine 15,

Utility string for moving characters from array to

MODEM output buffer. Se

Slash mark. See Lines 1

Subscripted array which {
p01nts See Lines 200

Line 605.

b, 20.

i01ds wind direction ‘compass

P10, 220.

Subscripted array which holds weather "groups" one, two,

and three. See Line 90.

Station ID name.

‘See Life 105.




MACHINE LANGUAGE PROGRAM

This is a sequential description of the AIM 65 machine language operation.

I. Initia]ization

I1.

A.

What caused interrupt?

A. Save registers,

Interrupt pointer
1) Store starting address of interrupt service routine in location
$A400 and $AR401. Starting address is SCCAF,

Clear registars
e
1) Counter locations $O0FFD ahd $OFFE are set to zero.

2) Data storage locations $0FA0 to $OFBE and counter location
$0FBQ are set to zero.
]
Detect interrupts set-up :
1) User Interrupt Enable Register, UIFR location $AOOE, is set
*to let CB1 (the TIMER)'aﬂd CA2 (the MODEM) generate interrupts.
2} User Peripheral Control ?egister, UPCR location $A0QC, is set
so CB1 detecis low to hidh edges, CA2 detects high to low
edges and CB2 (Tri-State lenable) is held Tow.

1) Take accumulator, x regigter and Y register are saved, because
the uP will not do it for you, in case they are needed to return
from an interrupt to the ibasic program.

TIMER or MODEM . g
i
1) The User Interrupt Flag ?egister, UIFR Tocation $A00D, is tested
{or a T%MER interrupt. 1If true, branch to TIMER servic routine
see 1V). ! -

2) The UIFR is tested for a|MODEM interrupt. If true, branch to
. MODEM Flag routine. S

Restore registers é

[N

1) The accumulator, x regisfer and Y registers are restored to the
same values as when “"what caused interrupt?" routine was entered.

Return from the interrupt, RTI.



ill.
A.

IV.
A,

D.

MODEM flag set

Clear the interrupt flag.

1)
Set flag

Read Part A to clear the

1} Set a bit, as a flag, in

Jump back to Restore vregiste

TIMER Serv:ce

:nttial set up: set a bit,
the sensor count, channel ad

Set up to read a Sensor.
2) Make Port A an output to
3) Send Channel address and

-

interrupt and reset it.

the M2%'s of location $OFFE.
s (1. C).

as a flag, in the LSB's of $0FFE. Set
dress, to zero by storing 0 in $0FB2.

send channel address

tatch to A/D by bringing ALE high.

D
EOC signal in UIER

b conversion finish

occufed by checking CAl1 flag.

it again

disable the CA1 flag in UIER

read data. (Note: this will let the
seems to be pull resistors, and in

essence could give the A/D a new address and start pulse so

Do a conversion
1) Send a start pulse to A/
2} Set up CA] to detect the
3) Wait some time to let th
4) Check to see if EOC has
5} If CAl is not set check
6) Conversion is finished,
7) Make Port A an input to
port float, since their
the following step shoul
8) Bring B2 high to enablg
9) Read and store the data

Disable the Tri-State, bring

Increment the sensor count,
have been read, If all havel
channel (1v. B)

d be next).
the Tri-State
in location $PFAD-PFAF

CB2 low. | .

$0FB2 , and test if all A/D channels
not been read, go read the next




F. A1l of the A/D channels have been read, now read the BCD data.
1) Make Port B an input !

2) Bring CB2 high to enable the Tri-State

3) Read and store the data in‘location $PFBY

4) Bring CBZ low to diable the Tri-States

G. Increment the TIMER service counter, $PFFD
H. Jump back to restore registers;(II. C)

V.  MODEM Service
A. Clear MODEM service flag ;
B. Program BAUD rate to 300 by Ioa#ing €20C into locations $A417 &18

C. Send ASCII codes for 'carriage ieturn', 'Vine feed' and 'null' out
to TTY., #PD, #PA & #PpP to$EEA8 |

I
D. Send data out to TIY, location $PFBA-end too $EEAB
E. Send ending 'carriage return' a*d 'line feed' to TTY

T
[
H

VI. MODEM Record
A. Turn on printer, $E6E] %
B. Clear the disp]ay/ﬁrinter poin}ers, $EBZA
C. Send ASCIT code for MODEM to p}intér Buffer, $E97A
D. Print out MODEM by sending 'cafriage rgturn' - 'Yine feed', $EA13
E. Send and print out data, 10cai#on $0FB4 end to $E97A
F. Print out final characters in brint buffer, $EA24
VII. Tape Control/Printer OFF :
A. Turn tape #1 power off by Toggiing $A800, if it is on..

B. Turn printer off by loading #Bp into $A411,



Routines II, III and IV take about 2 ms to run through so it is
operated on an unconditional interrugt basis. That is, whenever an
interrupt comes, part of the above will be executed.

A modem service and data update, d4end data out to modem and convert
A/D data to "Engineering”" units, takds more time. These are also des-
tructive to operator inputs if one id typing in data. These routines
are run on a conditional interrupt bdsis, if the operator is not trying
to make an input, they will execute; jotherwise, they will wait,
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