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This manual provides the installation procedures, theory of operation, and
maintenance procedures necessary to install, operate, calibrate, maintain and
understand tha Solar Insolation Recording System (SIRS) which is a micro-
computer-based data acquisition system used to collect solar insolation data.
Traditionally solar data has been collected in an analog format (etrip chart).
Large quantities of data were particularly difficult to manipulate. Therefore,
to simplify the processing of data, a data acquisition system was designed and
built which produced a computer compatible data madium. X
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n the case of SIRS, the data media is digital cassette tapes. These tapes
can be read into a larger computer where complex data manipulation/processing
can be accomplished. This document strictly addresses the data acquisition
system. Data reduction and manipulation will be covered in the final technical
report on Solar Radiation Measuring.
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PREFACE

This report was prepared by SMSgt Edward E. Stapleton and lst Lieu-
tenant Michael R. Mantz of the Energy Research Office, Engineering and
Services Laboratory, Air Force Engineering and Services Center. The
development was conducted by SMSgt Stapleton and lst Lt Mantz as part of
a larger Solar Radiation Measuring effort.

when Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the said
drawings, specifications, or other data, is not to be regarded by implica-
tion or otherwise as in any manner licensirg the holder or any other
person or corporation, or conveying any rights or permission to manufac-
ture, use, or sell any patented invention that may in any way be related
thereto. Any reference to a particular manufacturer of product brand is
by no means to be considered an endorsement of that company or product.

This report has been reviewed by the Information Office (OI) and is
releasable to the National Technical Information Service (NTIS). At NTIS
it will be available to the general public, including foreign nations.

This report has been reviewed and approved for publication.
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SECTION I
INTRODUCTION
1.0 BACKGROUND

This interim technical report addresses the Solar Insolation Record-
ing System (SIRS), a piece of hardware developed as a part of a larqger
effort on Solar Radiation Measuring. This project was undertaken to
provide (1) an adequate data base for large scale design of solar enerqy
collectors, (2) to provide correlation between local measurements of solar
radiation and regional measurements being taken by National Oceanic and
Atmospheric Administration (NOAA) and (3) to determine the applicability
of this equipment to current or future Air Weather Services procedures.
The hardware/software development began in January 1978 and was completed
in April 1978,

The system was initially tested from June 1978 to August 1978. It
was installed at Det 9, 12th Weather Squadron, 3rd Weather Wing, Tyndall
AFB, Florida on 1l November 1978 for operational testing. Development was
initiated by the Air Force Civil Engineering Center and was completed by
the Civil and Environmental Engineering Development Office (CEEDO). Since
this effort was completed, CEEDO has become the Directorate of Research
and Development of the Air Force Engineering and Services Center (AFESC).

2.0 PURPOSE OF MANUAL

This manual provides the user with the installation procedures,
theory of operation, and maintenance procedures necessary to install,
operate, calibrate, maintain and understand the SIRS, developed and con-
structed by members of the Energy Research Office of the Air Force Engineer-
ing and Services Laboratory (Figure 1). Schematics of SIRS components are
presented in Appendix A,

Figure 1. Solar Insolation Recording System
{Less Pyranometer)
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SECTLON LY
. a 1
INSTALLATION

The site tor an upwand-looking pyranometer should be free crom ane
signitficant obstructions above the plane of the sensing element aned, at
the same time, should be readily acceessible, 10 practicable, the instru-
ment should be so located that () o shadow will not be cast oon it gt anv
time (e.q. by radio masts, ete); () it s not close to Tiaht-colored
walls or other objects likely to reflect cunliaght onto it and ()t g
not exposed to artificial radiation sources,

Al

Figqure 2. Weather Station yvranoneter
Installation

Reference "Fppley Flectronic Integrator Instructions, Models 410" Preeley
Laboratory, Tnc.




o

At most places, a flat roof provides the best location for mountina

the instrument; if such a aite cannot be obtained, a rigid stand with a
horizontal upper surface some distance from structures or other obstruc-

!

tions should be used.,
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The pvranometer should be o conbocted to the reconder byoa cable of no

more than S0 teet in lenath to trevent cenerat ing common-mnede veltages,

ThHe initeagrator roceorder teagutres only o source ot TLD VAS, of Hey
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SECTITON 111
OPERATLION

A selt-exiplanatory checklist is provided in Table 1 tor operation of
the recording syvstem,

It should e noted that the clock must be reset it even a momentary
power fatlure occurs (due to lightning strikes, cted sihce no provision

was made for battere pbackup ot the random access memory.

Q .. Lo
Tapes usod may be DatelV certified digital cassettes, part number
12123-1 or caquivalent.  Ten to eleven months of data (at ¢d-minute inter-
vals) can be recorded on oone cassette.

DATL/TIME  SW1-SW4  DATE/TIME DISPLAY

\ FOAD FORWARD
\

POWER ONJOFY \ RUN/SET

RECORD INTERVAL RECORD "STBY

Figure 5. S1Rs Front pPanel

1




TABLE 1. OPERATION OF SOLAR INSOLATION
RECORDING SYSTEM

L, A. Start Up:

- 1. . Turn on power. !
2, Set record interval (1, 10, or 60 minutes). !

k 3, Set "record" switch down. i

1 4, Set "date/time" switch to time.

3 S. Set time:

3

Depress "set" switch while incrementing display using
switches under individual digits (24-hour time). :
6. Set date/time switch to date, | !
7. Set Julian date as in step 5 above.
(8235 = 1978 235th day)

8. Install cassette.

9. Depress load forward until leader is run off.
10. Depress bar on top of recorder so head contacts tape. 4
11, Set "record" switch up.

B. Changing Tapes:

Set record switch down. &
Depress release button on recorder.

Remove tape.

Install new tape.

. Depress load forward until leader is run off.

. Depress bar on top of recorder so head contacts tape.
. Set record switch up.

SO bW
*

c. Power Failure/Reset:
Set time and date as in A5, A6, and A7.




SECTION 1V

CALIBRAT TON

The end instrument should be calibrated once a year or prior to being
installed {if wore than a year has elapsed since the last calibration.

™o pyrainometer (not the recorder) should be sent to:

Solar Radiation Facflity

National Oceanic and Atmospheric Adm
Environmental Research Laboratories
Boulder CO 801302

ATIN: Mr Bdwin C. Flowers

valibration takes approximately three weeka.
The integrator can be calibrated uesing a 10-millivelt source to

aljust the gain and offset,

With a NOAA calibration of 8.8 x 10—6 volts watt-meter °, the
counter is adjusted to produce 1%9,.2 counts Mour with a 10 MV input vweing
the formula:

8,83 x 107% 1152 o’

Sensitivity 3 )
W Btu/ft - houy

- 1%,92 Btu/ftz-houtﬂm?
10 MV = 3%9,2 Btu/ftthour
where the derived constant im 8.83 x 10°¢ v wn” and

1 Bty 3 -hour = 3.152481 WAn’




SECTION V
MA INTENANCE

Pyranometers in continuous operation should be inspected, ideally, at
least once per day. At these inspections, the (outer) hemisphere should
be wiped clean and dry with a lint-free soft cloth. 1In desert or arid
regions, the hemisphere should be cleaned very gently in order to prevent
scratching of the surface. Such abrasive action can alter appreciably the
original transmission properties of the material and, hence, the radi-
ometer calibration. If frozen snow, glazed ice, hoar frost or rime is
present, an attempt should be made to remove, at least temporarily, the
deposit carefully with warmed cloths. In the polar reqions, it will be
necessary to experiment to discover the best method of keeping pyrano-
meters frost free. It has been found that warm cloths (heated inside the
recorder hut and held against the body while travelling between hut and
instruments) are sometimes useful. Under some conditions, it is impos-
sible to keop frost off the instruments for any length of time; in such
instances, attempts should be made to remove frost at convenient times
during the day when the sun is shining.

Should the internal surface of the (outer) hemisphere become coated
with moisture, it can be cleaned by careful removal on a dry day, allowing
the air to ovaporate the moisture and then firmly resecuring the hemi-
sphere. The inside of the hemisphere should not be wiped unless smears
are visible. Precautions should be taken to avoid scratching the under-
surface of the collar carrying this hemisphere. The external surface of
the inner hemisphere can also be cleaned, if necessary, when the outer one
is removed. Should moisture be deposited on the inside of the small
hemispherc, it can similarly be removed. However, extreme care must be
exercised since the thermopile element is now unprotected and could be
seriously damaged.

Occasionally, the desiccator installed in the pyranometer case should
be inspected. Whenever the silica gel drying agent is pinkish or white in
color, it should be replaced. (Silica ael can be rejuvenated by drying
in an oven at about 135% for a fow hours, until the original dark blue
color reappears).

The circular spirit level of the pyranometer should be inspected at
regular intorvals.

Other than verification of proper operation, no preventive mainte-
nance is required tor the recording equipmont.
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SECTION VI

SYSTEM OVERVIEW
The instrumentation system consista of a pyranometer, an integrator,

a single-board microcomputer, a digital cassette recorder, and a front
panel which consists of a four-digit display and input switches (Figure 6).

SOLAR INSOLAYION RECORDING SYSTEM

BLUCR DIAGRAM

N

] MICRO DIGITAL
PYRANOME TER INTEGRATOR COMPUTER RECORDE R

POWER | FRONT
- PANEL
]

Figure 6. SIRS Block Diagram
1.0 HARDWARE OVERVIEW

The pyranometer is an Eppley Laboratory Precision Spectral Pyra-
nometer, Model PSP. The output of the pyranometer thermopile ia fed
directly to the input of an Eppley Laboratory Electronic Integrator, Model
411, where the low level analog signal from the pyranometer is amplified
and converted into a pulse-rate output proportional to the input signal.
This output pulse train is counted and totalized to produce the integral
of the input signal. The count is displayed on an electronic digital
counter which counts in binary coded decimal (BCD). The BCD from the
display is also paralleled to connector P1l02 at the rear of the inte-
grator, along with the interval selaection switch and integrator reset.

The microcomputer is an Intel Single Board Computar, SBC 80/10, with
an Intel SBC 630 power supply. The SBC has an 8080 CPU, system clock, 1K
by 8 bit words of read/write memory (RAM), provision for up to 4K by 8

9
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2.0 SOFTWARE OVERVIEW

After power-up, the program initializes the I/O and selected memory
locations and then enters the main loop. The main loop simply calls three
subroutines, checks the position of the date/time switch, displays either
the date or time, and then jumps to the beginning of the main loop.

The first routine, called STBYCK, senses the record/standby switch
position and sends a file gap to the recorder on a transition from
"stand-by" to "run." This in turn resets the recorder word counter.

The next routine, RCDTM, checks the time and at seconds = @@ stores
the integrator output, resets the integrator, and then records the date,
time, data, and interval.

SWCHK scans the front panel switches. If a switch is depressed,
SWCHK increments the appropriate counter. If no switch is depressed, the
routine is exited.

TIMIT is an interrupt-driven, real-time software clock. An interrupt
is generated every sixtieth of a second by a hardware, real-time clock genera-
tor. These interrupts temporarily stop the execution of the¢ main program
loop. TIMIT updates the time and date counter and then returns control
to the main programs.

12
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SECTION VII
THEORY OF OPERATION

1.0 SYSTEM INITIALIZATION

System power is applied through the "on-off" switch on the integra-
tor. This causes a power~on reset sequence in the microprocessor, which
immediately jumps to PROM memory location 50H where initialization is
started. To initialize the I/0 ports, (see Appendix B), an initialization
word is sent to the appropriate control registers. Group B I/0 ports auto-
matically come up with all ports set for "INPUT." Group A I/0 vorts are set
so port 1 is "INPUT" and ports 2 and 3 are "OUTPUT.” Memory locations for
time, date, and interval are initialized to @@ (See Appendix C.)

An integrator reset and a recorder file gap command are also
generated at this time. This is accomplished by strobing bits 5 and 6 of
port 2 low, then high. All output ports are active low. The integrator
requires an active low for reset; however, the recorder requires active
high for all inputs, control and data. The recorder also requires a +12
volt logic level. Since the port output is only +5 volts, an inverting
buffer is used to drive all recorder inputs; the output of the buffer is
active high at +12 volts.

2.0 RECORD/STANDBY SWITCH

After initialization, the first subroutine called STBYCK checks the
setting of the record/standby switch, SW7, (all front panel switches are
debounced prior to being applied to a port). The output of the debouncer
for SW7 (J102-S) is applied to port 1 bit 6 (J1A-18), where it is checked
for 'record' or ‘stby.’ If 'stby,' a flag is set and the subroutine is
exited. The first time this subroutine is called after SW7 is put into
the "record"” mode, a check is made of the flag. If set, a file gap is
generated and the flag reset, which insures only one file gap will be
generated for each transition of the switch from standby to record. This
allows tapes to be changed and the recorder word counter to be reset with-
out interfering in any way with the other operations. When SW7 is in the

standby position it also holds off the recording process in the subroutine
RECDAT.

3.0 TIME/DATE SET SWITCHES

SWS (run/set) is a momentary-on switch that must be held down while
incrementing the date or tims. It appears at port 1 bit @ (J1A-21), and
is sensed in SWCHK. After the program determines that SW5 is in the "set"
position it checks SW6, port 1 bit 1 (J1A-22) for date or time (date =
active high, time = low). 1If SWé is in the date position, first the date
will be displayed and then the four switches (SW 1 through SW 4) will be
scanned, The memory location for the digit above a switch will be incre-
mented each time that a switch is depressed and the new number is
displayed.

13
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The diagram below depicts the relationship of SW1 through SWd to
the display, input port, and SBC connector JlA.

Switch Diaplay Digit Port 1 SBC Input
1 1 Bit 2 JI1A 23
2 2 Bit 3 JIA 24
3 3 Rit 4 J1A 20
4 4 Rit 5 J1A 19

If SW6 is in the time position the memory locations for time
will be incremented in the same manner as the date, above.

4.0 TIME/DATE DISPLAY

The data inputs of the individual digits of the display are wired in
parallel. After data are latched up at the output of port 3, the indi-
vidual display digit selected for displaying that data is strobed and the
data latched into the digits memory where they are retained. The lower four
bits of port 3 are used for both the display and the eight bit word sent
to the recorder. The "digit latch" and “record” strobes detarmine which
of these responds to, or accepts, the data for input. Port 2 bits ¢ through 3
(J1A-4 through J1A-1) make up the display digit latch (strobe) port; cutputs
are normally held high and strobed low when loading the display.

5.0 DIGITAL CASSETTE RECORDER INTERFACE

The data output from the integrator (Pl02 pins 1-20) are an active
high, six digit, BCD number in the format 1-2-4-3, 10-20-40-80, etc. J102
connects directly to J2A, (group B, ports 4, 5§, and 6). Of the four upper
bits of port 6 that remained, bits 4, 5, and 6 are used to sense the
position of the interval switch on the integrator. Pl02 pin 22 is
grounded when an interval rate of l-minute is selected (active low) and
is routed to J2A, pin 14 (bit 4, port 6). When “seconds = @@" (once each
minute), the internal switch is scanned; and if interval equals 1 minute,
the data from the integrator are sensed and stored in memory. The integra-
tor then is reert and counting is beaun on the next cycle while the date,
time data, and interval are recorded.

The recording process consists of accessing the memory location
containing the required data, i{.e., date, and outputing it to the recorder
with a strobe to start recording. The recorder immediately returns a
"recorder busy"” and holds it high until the data have been converted fram
parallel tc serial and have been put on tape. This "busy bit" is monitored
until it returns low, at which time new data are sent to the recorder.

This continues until all the data are recorded, after which the proaram
returns to the main loop until the naxt record time.

ms—
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Data to the recorder are latched up at J1A 9-16 (port 3 bits ¢
through 7). From there it is converted to a 12-volt level before being
applied to the recorder input. JlA-6 (port 2, bit 5) is the output for
the record strobe, and it, also, is amplified prior to being sent to the
recorder.

The "busy-bit" appears at recorder I/0 plug, PlA-F, and is changed
from active 12 VDC to active 5 VDC before being applied to J1lA-17
(port ! bit 7).

6.0 REAL TIME CLOCK

The main program is interrupted every sixtieth of a second by the output
of the interrupt generator, which causes all processing of the main loop
to be temporarily suspended while the real time clock is incremented by
software in the gubroutine TIMIT.

The interrupt generator uses the 5 VAC from the power supply to lock
the timing to the line frequency. The 60-Hertz input is clipped and
applied to a 7413 Schmitt trigger for shaping before driving a 74121
monostable multivibrator. The "not Q" output is used to drive the SBC
interrupt input to the processor (J1A-25). The pulse width of the one
shot was selected to be greater than the longest instruction execution
time of the processor and less than the time it takes to reach the inter-
rupt enable instruction within TIMIT. This was to prevent the processor
from being interrupted more than once by the same pulse.

7.0 FLOWCHART AND SOURCE SORTWARE

Pertinent flowcharts and source software are presented in Appendices
D and E, respectively.

15
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APPENDIX A

SCHEMATICS OF SIRS COMPONENTS
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PORT NAME

Port 1

sroup 1, Port A
Mode ¢ Input

Port 2

Port 1

Port 4

Group 1, Port B
Mode @ Output

Group 1, Port ¢
Mode ¢ Output

Group 2, Port
Mode ¢ Output

ADDRESS

gE4N

JESH

PE6H

FEBH

N

APPENDIX B
1/0 SUMMARY

RIT

~3

- A) me < ~ A

~d A A&

T A FUNCTTION
Time Mate Switch

Run ’Set Switch

ME Digit Switch

and MS Dottt Switch
dnd LS Diuit sSwitch
LS Di{ait Switch
Record/standly Switch
Recordey sStatus RBit
(Ruay R{t)

M8 Digit latch

Na M8 Diait Lateh
2n1 LS Diutt Lateh
1.8 Digit Latch

Not. Used

File dap command
Integrat vl Reaet
Record Cammand

Digit Data ¥ 'Recorder
Data ¢

Dia{t Data 1l ‘Recordey
Data 1

Digit Data 2 Mecorder
Data 2

Digit Data 2 Recorder
Data 3

Recorder Pata ¢
Recorder Nata »
Recorder NData 6
Recorder Nata ?

o Inteyrator
Integrator Rit |

Integrator nit
Intearator nit ¢
Tntegrator R{t g
Integrator wit 10
Integrator Wit 20
Integrator Rit 40
Integrator Bit 8¢




ARPPENDIX B continued
PORT NAME ADDRESS BIT I/0 FUNCTION

port 5 JE9H

-
]

Integrator Bit 100

Group 2, Port B
Mode @ Input

- Integrator Bit 200
- Integrator Bit 400
- Integrator Bit 800
Integrator Bit 1K

- Integrator Bit 2X
- Integrator Bit 4K
- Integrator Bit 8K

NV S W -
]

Port 6 PEAH

A~
'

Integrator Bit 10K

Group 2, Port C
Mode @ Input

- Integrator Bit 20K
- Integrator Bit 40K
- Integrator Bit 80X
1 minute

- 10 minutes

- 60 minutes

- Not Used

NSO U S W
'

22




ADDRESS (HEX)

3C00
3co1
3co2
3co3
3cCo4
3Co5
3co6
3co7
3cos
3C09
3coa
3CoB
3coc

APPENDIX

MEMORY MAp

LOCATION NAME

TIMER
SEC

MIN OR TIME

HRS

LS DATE OR DATE
MSDATE

LSDATA

DATA

MSDATA

INTVL (Interval)
Not Used

Not Usged

STBYFL (Standby Flag)

23
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TIMIT ;
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PRON WEMORY

1NCREMENT
UmTe dave

ORCINAL ADNST

WCREMENT HCREMENT INCREMENTY
TENS OAYS WYNOS DAYS YEAR
\

DECIHMAL ADJUSY

DECINAL ADJUSY

SECINAL ADJURTY

!

I

J

Jus 0AVS
|4
»

oveR
338 DAYV
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(134
WUND DAYS « ©

h

(144
UNITS AND TENO
OAYS e 00

CaML
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STIL POWN
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VALUE TVPE SWBOL

~L0CATE F{ SOLAR LMK CODECOOSEN) MAP PRINTC Fi SOLMARP LST) SYMBOLS OOLLMS(D)
VALLE TVPE SYBOL

1S1S-11 0BJECT LOCATER V3 8 INVOKED BY
SYB0L TRLE OF MIDILE SOLAR

WLIE TYPE SVelL

528 B 8 3F z8Ex 25 g5g? 92y oF 6
EEE EEE EE EE EEEE & EEE EEEE EEE X2 ©
sA§ §8E AR 8§ ARI% & EA§ 555: 883 B ¥
Ze; zd8 Bt mm Bazs £ BB ohE 2Ec¥ Emg 285 BE
EEE EEE ZE mmmm ¥E £ E EEE EEEEZ EEE EEE EX
ITHEH BT nm 163 % % % RAR BQEL ¥EE 4% &8

14

efcdelers §rsisupebebehilitescefelscsnaslil
mmsmmmmmmmmmmmmmmmmnmmmmmmmmmmmmmmmmnmmnnmm

§ 245 2§ 923 §5 8 % AUAT G330 ALES MR &8

30004 Sy SEC




MEMORY P OF MODULE SOLAR
RERD FRON FILE F1 SOLAR LNK
IRITTEN Y0 FILE :F{ SOLAR
MOOULE IS NOT B MAIN MODULE

STRRT  STOP LENGTH REL NAME

0000H  oge2H 3 AR ABSOLUTE
038 eE3 N 3 A RBSOLUTE
Q05BN GECH 290H B CODE
SEDH 82FON B STRX
GFM FEBFN F3CPH B MENORY

32




- LOC 08 SER SOURCE STRTEMENT =
t NPE  INIT )
= 2 EXTRN  TINIT, SHCHK TNDSP, DYDSP, SAVDAT, STBYCK. RCOTH = !
080 3 TIER EW  3008W
X8 ‘ TIE  EW 308N
- e 7} S DATE EQU 30844 -
3089 6 INL B 30B9M .
99E4 7 PORTL EQ  OEM (
- Q0ES 8 PORT2 EM  OEH =
P i
10 ; MRIN PROGRAN _ !
S u s to
12, PROGRWER:  STRPLETON E
13 | sesarssssens i}
S “ RSEG = &
; u808 15 R o +RST 8, GENERATED ON POMER-UP 3
w 0000 (30088 C 16 M BEGIN g
- 038 17 ORG 384  ;RST 1, GENERATED BY INTERWPT { e '
08 (30000 E 15 ”® TN i
19 CSEG .
b 28 BEGIN: - .
i 3008 3E90 a W1 A9 SET P GROUP R PORT L INPUT; 2 & 3 OUTRUT 3
g 2082 D3E? 2 wT eEM
LT 8984 2MFF3C 3 X1 K 3CFFH ; INIT STROK LOCRTION - i
; 0097 F9 u SPHL 3
g 9903 110909 po LXI D884 INIT DISPLAY f
Cos 2908 2106008 % X1 Hew - ¢
g 980€ 22843C i SHD  VIMR , INIT SEC'S & MSEC'S ;
| 811 22823 2 SAD TIE L INIT MM TDNE i’
too- 3814 22043C 3 SWD  DATE  , INIT DATE. ALSO - .
| 917 22093C 38 SHD INTWL L INIT INW 5
; 984A 3E68 k1 WI  A6BH ;RESET INTEGRATOR, SET FILE GAP HI
= 994C D3ES R 0T PORT2 = 3
084E 3E09 1 Wl A8 ,RETURN RESET LINE HI.SET FILE GRP LO '
2829 D3ES 57} 0T PORT2 b
~ 35 MIN: -
%22 (0eB® E 36 ORLL  STBYCX
@25 (00008 € 37 CRL  RCOTN
- 9828 (00080 E 18 AL SIOK -
28 DBE4 39 IN PORTY :
%820 E682 “® AN @1 MRSK FOR DATE/TINE SWITCH |
~ 0F (R0 C o M2 THERE SET Y0 TIME JUWP OVER ‘DISLAY DATE’ - :
032000008 E 42 ORL  OTOSP ,SET YO DRTE DISPLAV IT ,
: S CM C 43 M MIN ,LO0P FOREVER :
- 44 THERE - |
0938 CD0ge E 45 AL MO ,DISPLAY TIE )
) MBI C MF  MIN ,LO0P FOREVER
~ @ B0 - |
. 3
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128
1L
g

s
3

8

SOURCE STRTEMENT

RCO™
RCO™

SRVDAT, RECORT

e
3.1}
EQU
EQU

3C8H
082K
3089
8ERH

THIS ROUTINE CHECKS THE TIME AND AT SEC=0@
RECORDS THE DATR CALLED FOR ELSEMMERE IF THE
TINE NATCHES THE INTERVAL OF THE SWITCH ON THE

:

INTEGRATOR.
REGISTERS :
MEMORY .
STRCK SPACE :
INPUT PORTS:
OUTPUT PORTS:
PROGRANER :
CSEG

SEC
[ 41 o
174 THERE
RET
IN PORT6
ANI 104
mn AROUND
w1 G
v RCRD
IN PORT6
ANI 20H
b1 74 NEXT
LDA MIN
ANI OFH
cP1 O0H
e
) A 164
b, RCRD
LOR HIN
cP1 00N
[ 74
M1 R 6O
STR INML
CRLL  SAVOAT
CALL  RECOAT
RET

AB

INTVL, RCFLG, INTRL
2 BYTES

PORT 6

NONE

STRPLETON

» GET SECONDS

ySEE IF 08

=98, CHECK INTERVAL SNITCH
;ELSE RETURN

+ELSE, SCRAN INTERVAL SN ON INTEORATOR
+1 MIN POSITION MASK

i NOT ONE MIN. PRESS ON

i1 MIN

; THEN START RECORDING

;GET ANOTHER COPY OF INTERVAL SW
;MRSK FOR 18 MIN INTERVAL

+NOT 10 MIN GO CHECK 60 MINS

+GET MINUITS

+ MRSX OFF TENS

» CHECKX FOR MINS = X8

+NOT = X8, RETURN

;PUT R 10 IN ACC FOR STORING IN INTWL
+ G0 RECORD

iGET TINE
sWHEN MINS = 09 TIME TO RECORD

+STORE INTERVAL FOR RECORDING

+GET DRTR, STORE 1T, AND RESET INTEGRATOR

i THEN RECORD DATR. DATE. TIME ET ALL
» THEN RETURN

4
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e os)

fois
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g83
faas feegne
$IEEE

L I

&
2EEER )

NNTQOERNBAR AN

g

m
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BB YYEEE

FEEg

EEEERIS &

NBAR

L TR PN

«8  BBELE
I I T TTT

i MASK BUSY BIT
i LOOP UNTIL DONE
i THEN RETURN

HONITOR THE BUSY BIT
PORTL
8oH

RECBSY: IN

[T

RN

528,
T
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THIS ROUTINE CHECKS THE STATUS OF THE RUN/STRNDBY SWITCH
AND GENERRTES R FILE GAP COMMAND UPON THE TRANSITION
FROM STRNDBY TO RUN  THIS IN TURN RESETS THE RECORDER
WORD COUNTER

REGISTERS : A

FENORY : STBYFL (STANDBY FLAG = FF IN STBY)
STRCK SPRCE:  NONE

INPUT PORTS:  PORTS 4,2

OUTPUT PORTS: PORT 2

PROGRAMER : STRAPLETON

I

:

:

d
93383 3237 g9 @RgRt

3

SYYER GEEEE °fY “QiNfEs

BERBRS BEEEE ERE RRRNIME
S22 ALLUEYREPEIRERBENRARBREE

85-

CSEG

IN PORTL  ; STBV/RUN SHl INPUT PORT
ANl i MRSK FOR SW

2 iNOT RUN, SET FLAG
LDA ;RN GET FLAG

OR1 ;SEE IF SET

R 74 i IN ‘RUN’ AND FLAG SET, SEND STROBE
RET i OTHERNISE RETURN

wi i STRNDBY = FF

STR ;STORE 1T

RET s THEN RETURN

i GET COPY OF STROBE PORT
;SET FILE GRP STROBE HI

ouT iSBND 1T TO RECORDER

ANl ;RETURN STROBE LON

ot SN IT

N JBUSY BIT INPUT PORT

[ ;BUSY BIT MRSK

n sLOOP HERE UNTIL DONE, THEN
[ ;RESET STREFL T0 08,

STA ;AND STORE IT

RET s THEN RETURN

37
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a_ -
LoC 08J SEQ SOURCE STRTEMENT
- [} NRE  SAVDAY -~ ‘
4 PUBLIC SAVDRT ]
3008 3 DATR EQU 30064 !
- 4 PORT2 EW OEH -~
08E8 S PORT4 EQU (L 3: ]
[ ) 6 PORTS EQU OESH .
- O0ER ? PORTE EQU CERH - y
8 ; setsarhinits |
1 9 SAVE DATA : -
3 o~ 18 ; - X
11 THIS ROUTINE READS THE OUTPUT OF THE INTEGRATOR
12, AND STORES 1T IN THREE MEMORY LOCATIONS STRRTING b
- 13 ; AT DATR  IT ALSD RESETS THE INTEORATOR TO ZERO. -
14
13 REGISTERS. fCC
- 16 ; NENORY : 3 BYTES -
17 STACK SPRCE:  NONE
18 ; INPUT PORTS: PORTS 24,5.6
- 19 OUTPUT PORTS: PORT 2 -
20 ; PROGRANER : STRPLETON
21 ; st
- &2 CSEG -
B
0000 DBES 24 SAVDRT: IN PORT4 ;RERD L S DIGITS OF INTEGRRTOR
- 0002 32063C Ve STR DATR  ;STORE IT IN MEMORY ’‘DATR’ ~
0003 DBES 26 IN PORTS
9087 32073C reg STA DATRH
- 000R DBEA 28 IN PORTE -~
000C E6OF P ) OFH i MASK OFF UPPER BITS
000E 32083C k] STR DATR+2
- 0014 DBES A IN PORT2 ;GET COPY OF PORT 2 -
0043 Fé48 2 OR1 40H JMASK OFF ALL BUT INTEGR RESET BIT
0843 DIES 3 ot PORTZ ;RESET INTEGRATOR
I o- 0017 E6BF <} | OBFY  SETBIT 7 Wl -
9019 DIES 3 ot PORT2 ;RETURN INTEGR TO COUNTING
1B C9 36 RET ;RETURN TO CALLNG PROM
- 37 (3, 1] -~
- -
- -~
- LY
- -
- -~
- 38
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BESERARBRREREERRNRIERNNY

TR R T T T

< OO0 O

BRBS8JI8c62202208Y5uEHRE

WSORTE BV  3COSN L0 ORDER DIGIT OF VERR
i AND HI ORDER DIGIT OF DATE

LSDATE  E0U 3CO4H  ;LON ORDER DIGITS OF DATE

R EQ 30834 ; HOURS

MIN  EW 084 S NINUTES

St EW 3084 ; SECONDS

TINR EQU  3CO0H ,;6OTHS OF SECONDS
SNy

INTERRUPT DRIVEN REAL TIME CLOCK

THIS ROUTINE IS A SOFTWARE, INTERRUPY

DRIVEN JULIAN DRTE CALENDER AND REAL TIME
CLOCK.  IT IS R BORROMED PROGRAM THAT MRS
BEEN SLIGHTLY NODIFIED. THE ORIGINAL
VERSION CAN BE FOUND IN INSITE, REF. NO. D24,

R 76

REGISTERS: NONE, ALL STRTUS SAVED

NEMORY TINER: SEC, NI WR
LSDATE, NSDATE

STRCK SPRCE: 2 BYTES

INPUT PORTS:  NONE

QUTPUT PORTS:  NONE
PROGRAMMER : STEVE BECQUER

CSEG

PUSH  PSH  ,SRVE STATUS AND REGISTERS
PSH B +OF INTERRUPTED ROUTINE.
PUSH D i

IXI D, TIMER ;GET ADORESS OF TIME COUNTERS (68THS OF SEC).
WL 8.6 ;SET NODULO TO 68

Wl GO SET STRRTING COUNT TO @

COALL  OIVIT ,UPDATE 68THS OF SEC COUNTER

Wl B.68H ,SET NODWO TO 68

CAL  OIVIT ;UPDATE SECONDS COUNTER

CAL  DIVIT ;UPDATE MINUTES COUNTER

Wl B2 ,SET NODWLO TO 4.

CALL  DIVIT ,UPOATE HOURS COUNTER

IXI  O.MSOATE
WL B.08N SET MODWLO 100
w0 +LORD COUNT(YRANSDATE)

ANl PN NASK OFF YEAR, LEME D DAVS
ol GH 20 DAVS?
M JADT ND. GO INCR LS DATE

W D +GET ANOTHER COPY OF YRAMSDATE
Wl COiH |, START COUNT DAVS FR 084

Ml OFBH  ;MASK OFF HD DAWS

er » 11900

874 LEw
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-
|
; -_ -
; LoC 08J SE0 SOURCE STATENENT
- $ WE ThEP -
2 PUBLIC THEP ‘
3 BTN NOSP
- R ‘ TE B 308 -
004 s PORTY EU  OEMN
(¥, )
‘ -~ 7 “‘m -
8; THIS ROUTINE ONECKS THE BUTTONS LNDER THE 3
- 9; FRONT PRAEL DISPLAY AN INCREVENTS THAT :
- 10 ; DIGIT ERON TINE THE BUTTON IS DEPRESSED. -
U, CALLS TIDSP AND DISPLAYS NEM TINE.
2 B
~ 13 DIGY DIG2 DIG3 DIG ¢ -~ ;|
14 SR LSHR NS NN LS NN :
13 3
- 16 ; N1 M2 N3 e - _
17 4
18 ; REGISTERS : ADENRL p
- 19 ; MOURY: TIVE (2 BVTES) - {
N STRCK SPACE: 2 BVTES i
A INPUT PORTS:  PORT 4 :
- 2; QUTPUT PORTS:  NONE -
3. PROGRAER:  STRPLETON i
24 ; SOOMIIONNNE '
- P CSEG -
26 TINEWP: ;
0008 22X P4 LD TIE MRS & NINS TO ML :
- 00 BB 3 XONG ;PUT INTO DSE -
0004 DBE¢ P IN  PORT GET COPY OF BUTTON INPUT PORT
0006 £620 » AT 2 MRSK OFF FOR Si-4,LSD NINS
- GG CRINS C I 2 RTL ;NOT THIS BUTTON. PRESS ON - 3
0088 78 R MV AE  ;BUTTON DOMN PUT NINS INTO ACC ¥
000C 06t B M N D4 A
- 0 77 ) DAR ;OECINAL ADJUST (NILL INCR MEXT DIGIT) -~ ¥
GIFCHMS C 35 » B ;
0812 DBE¢ 3BMTL: IN  PORTL GET ANOTHER COPY OF PORTL H
~-~ o014 E610 ” MI BN NRSK FOR Si-2,N5D NINS -~ §
. WSO C 38 2 T2 iNOT DOMM PRESS ON
k) ) WV AE  ;BUTTON DGML MOVE NINS INTO ACC :
-~ ORIA 0610 @ M 184 INCRENENT MSD NINS BY 1 - H
omc 2 o 0AR ;DECINAL RDJUST. DISREGRRD CRRVOUT
WMDCTNe ¢ 42 P OEXITL NN EXIT
- 0820 DBE¢ QSNT2: N PRTY -~ i
0822 E508 “ AT 0BH  MRSK FOR SH-2 LSD IRS ;
MCREN C ¢ 7 WT3 NOT DOWN i
- 0z m 4 MV ARD ;BUTTON DOMN MOVE MRS INTO ACC -~ f
20 Com @ M oHN DL : f
oAz o DAR
- B C » B ~ i
002E OBE¢ W IN PRTY
0130 6 st ML oM S ,
- u2 s 2 (74 SRET TO CALLING PGRIL NO BUTTONS DOMN -
us » s NN AD
4 0519 4 L T Y
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e sy

NNE  DRTELP -
PUBLIC OATEWP
EXTRN  OTOSP
ORTE EWU  3J0e -
PORTE BN &M
i COMEEINNI
JULIAN DATE UPDATE -
THIS ROUTINE CHECKS THE BUTTONS WNDER THE
FRONT PRIEL DISPLAY AND INCREMENTS THAT
DIGIT ERCH TIME THE BUTTON IS DEPRESSED. -
CRLLS DTOSP AND DISPLAYS NEN DRTE

- B W W W e w

3

CONTRINS NO PROVISION FOR NANURLLY SETTING -
366 DAYS IN LERP VEAR ONLY DEC 34 AFFECTED
AND HHO NORKS NEN VEARS EVE?

DIGL4 D0IG2 DIG3 DOIG4

L N2 N3 N4

ADERL -
DATE (2 BYTES)

2 BVTES

PORT 1 -
e

STRPLETON

aa o

)
33“&&33833:aﬁ’:ﬁnus‘oﬁﬂmu.w»»

- o e, e m w w. w. W W W W &

-

-

y332aoR=yIFRINA=PE  §
o

ORTE  ; JULIAN DRTE INTO HRL

;PUT INTO DE

PORTL  ;GET COPY OF BUTTON INPUT PORT -~
r. | ;MRSK OFF FOR Si~4, UNITS DATE

MXTL  :NOT THIS BUTTON, PRESS ON

RE ; BUTTON DOMN, PUT LAST 2 OF DATE IN ACC -
(1] D 1

;DECINAL. ADJUST

;RETURN 1T TO E REGIS -

-

PORTL  ;GET ANOTHER COPY OF PORT 1

1N WRSK FOR S-3, TENS DATE -~
;NOT THIS BUTTON EITHER

RE  BUTTON DOMN PUT LAST 2 OF DATE IN ACC
;ADD & TO TENS -

SL83822582808YRHYNIREES

BRRERRREERRRERNLNE
ﬁﬂﬁigdﬁgﬁﬁ‘lﬁga%ﬁgﬂg
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LLD  DATE  ;LOAD HEL WITH DRTE
XCHG iPUT IN DE
M DISPL DISPLAY IT

~ Loc 08J <R SOURCE STATEYENT
1 NYE DTDSP

~ 2 PUBLIC DTDSP
3 EXTRN DISPL

[ o4 4 DATE EQ 3C84H

-~ S ; sessateenses
€ DISPLAY DRTE
7,

~ 8; THIS ROUTINE ACCESSES THE JULIAN DATE MEMORY
9. LOCATIONS AND DISPLAYS THEM IN THE FOLLOMING
18 ; FORMAT :

-~ u,;
12, DIGL DIG2 DIG3 DIG 4
3

~ 4 LS DATE DATE DATE
15;
16 ; REGISTERS : ARDERL

4 - 7; MEMORY: DATE (2 BYTES)

18 ; STRCK SPACE: 2 BYTES
19; INPUT PORTS:  NOME
3B ; OUTPUT PORTS: PORTS 2 3
a; PROGRAMER ; STRPLETON
2
3
4
3
.3
{4
.
3

> -

ey e

G

WV 6 AR REPRA = Cd Py




§§§ gﬁ! gigﬁi 8B
“HY H®Y HUEHE #&°

s o s INVERT DRTA TO PORT
b 0T  PORTS OUTPUT IT AND LATCH PORT
54 ; STROBE ALL LATOHES WIGH

v} IN PORT2  ,GET COPY OF LORD PORT

= Rl OFFR  ; INVERT UPPER ¢ BITS

L] orl [ 5] +SET LONER 4 HIGH

] R + INVERT FOR OUY

% on PORTZ2  NAVEN’T CHANGED UPPER 4 BITS
57 i STROBE SELECTED DIGIT LON TO LORD

= Nl OFOH  ; 2ER0 LOMER 4 BITS

% R B8 1 NERGE  INVERTED SELECT BITS.
(> ] o PORTZ2 ;SEND LORD CODE

61 i STROBE ALL LATCHES MIGH

[~ Ml OF8N  ;RESET LATCHES

63 o PORT2  ; REESTABLISH MOLD STRTE.

4 REY

S

48




S Wwc 08’ 3 SOURCE STATEMENT -
3
1 NYE  DISPL
- 2 PUBLIC DISPL -
8081 301G EQU @M ;DIGIT 4 DRRLE
0982 4012 EW @M  ;DIGIT 2 DWALE
-~ 0004 SDIG3 EQW O  ;DIGIT 3 ENBLE -
8008 6DIG4 EQU  @6H  ;DIGIT 4 ENBLE
B8ES 7PORT2 EQU OESH PORT 28255 84
. 99E6 SPORT3 EQU OE6H PORT3I G5 M bt .
] 3
19 ; DISPLAY ROUTINE i
1 - ;
: 12; DISPLAYS CONTENTS OF D4E REGISTERS ALMAYS. J
f; 13 /8’ REGISTER CONTRINS DIGIT ENPBLE. A 4/ IN ANY -
: - 14 OF THE BITS WILL SELECT THAT DIGIT. THIS PROGRAM -
| 13 ; DOES NOT EFFECT THE HIGH ORDER BYTE OF PORT 2
i i6 i .
- 17 REGISTERS : RBDEKL -
18 ; MEMORY: NONE t
19 STRCK SPRCE:  28VTES
~ 2 INPUT PORTS:  PORT2,PORT3 ~
A OUTPUT PORTS:  PORT2, PORT3
2 PROGROER:  STAPLETON
23 ; Sy -
Y]
25 0ISPL
D  ;LOAD ACCUM WITH DATR FRON D ~
B, DIG2
¢ OUTIT ;OUTPUT L 0. BVIE
RD  GET ANOTHER COPY ~

JMOVE 4 MSB’S TO 4 LSB’S POSETION

8 0IGL

¢ oy -
RE  ;GET DATR FROM E
B/ D14

¢ T ~

RE  ,CET ANOTHER COPY

B.DI1G3 -’
TIT
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HQ USAF/LEY

. HQ USAF/LEE
0SAF/MIQ
HQ AFSC/DE

. HQ AFSC/SD
HQ USAFA/DE
HQ USAFA/Library
HQ USAF/RD
QSAF/%D
AFO<R/CC
AUL/LSE
ATAPL/POE
OASD/(MRAGL) EES
US ARMY/DAEN-RDM
AFIT Library
AFIT/DE
NCEL, Code 25111
DDC/TCA
AFESC/DEB
US ARMY FESA
AFESC/TST
AFESC/RDX
AFESC/RDV
AFESC/RDVA 1
AD/DL
AFAPL/STINFO
AFAL/TSR
AFAPL/POE-1
DOE/ET-50
DOE/CS
DOE/ET




