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Table 1.

FUNCTIONS

1) AIRGUN FIRING
TIME MEASUREMENT

2) OUTPUT OF FIRING
TIMING PULSES

3) CLOCK SET

4) REFILE

A A N |

Functions of ASR-80R system.
COMMENTS
To measure airgun firing time within

+2msec
precision and produce data file on cassette tape.

To produce firing pulses for solenoid-value type
airgun system within +1 msec precision.
Firing interval from 10 to 990 seconds, with
10 seconds step. at any start time.

To adjust automatically X-tal clock in system
(107 precision) to master clock (107 precision)
within +0.02 msee. Using the same time-base
as one for ocean bottom seismometer with
correcting drift-value.

At land-based laboratory, to transfer data from

cassette tape to mini-floppy disk in the host
computer

(IDS-80007) .

(a)
Fig. 1.
e, =T HvERRFEHRE

DIEfEZ = oA 20—« 7wy 7 CHIE

Fig. 2 11 ASR-80R =+ =7
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Front view of CPU

(b)

unit(a) and peripheral board(b).
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Fig. 2. ASR-80R system (front left) Fig. 3. Block diagram of ASR-80R svstem.
and IDS-8000Z system.

EUF, HEn 22 DT

(1) CPU ==, b (Fig. 4)

8¢, b CPU, 780 % {#ifj L : :
¢ CRC-80, = ==7 L% THH,

N T A = =

., s K oe v

Fiefpiz, CPU ==, &

LR W J Il [‘-'-‘J o

f4 4 —F (LED) &4 —« aA

I ; 3

Fig. 4. Circuit diagram of peripheral board of ASR-80R svstem.

This board
includs 2KBytes memory, X-tal clock and airgum interface. CPU

unit (not
shown) uses modified CRC-80 board manufactured by Computor Research Co.
Ltd.
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IMHz CSCILLATOR]

BCD COUNTER
/1000

HNE SHOT|

INTERRUPT | ¢ | BCD COUNTER s
INVERTIN
REQUEST F/F T 1/1000000 i AMPLEFIRE —:L
1SEC = o —o
< g ImEEC CFFUNZ EEXEE\RW ouTPUT
= t= i el EE L eyt

170 INTERFACE

_—— _ Fig. 6. Block diagram of airgun
| — Bl g I interface.

CPU SYSTEM

Fig. 5. Block diagram of X-tal clock.
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35 MARFHAEY -

AT h e T —Fva— FADF — xiEN. B (S (1200 #—) THBOT
ASR-80R v A5 243, M Ltz 7 & v RN T — 22— IC 22V — 2y 7
> THIC L D T2 B LT 5.

it BB, RHEME K NTOBBENS . THIHIC LD ¥ AT & « X7 LIk
LCh 7 — 2%k Kfobicimic CMOS RAM %%, 79—+ 2y 77, 73 5I0C &
D F = 5 ORI R > Tl B,

BRI A = 9 — (Fig. 3 1) 13, 7 ¥ L AZR% 9000H~97FFH 1= FlE LTLs
5. CMOS RAM & L-CIzBURAUC 513 5 BEHETED 16k € b RAM TC-5516 %
HALTHD, ZORTOWMC I hEMBE, Hd TRl b0 & it -1,

3-6  MERHR 2 A ;
et zesHiEr (Fig. Ta) 13, =22 —72wv, 71tk 5 ASR-80R ot Fxs
107° FHRSIETHIMT 5.
e[|
o e i L

SEC PULSE ] 55T
C PULSE CONTER b._E‘IIJTmspuv S
. QHE SHOT RESET OATE COUITER ] -
£ w SATE ENABLE
-
OHE SHOT] HE S 5 DATA STORE NERATED BY
- RESET 2 70 DISPLAY MEMORY fT'ORE GE:E EDGB o
i o THE POSITIVE EOGE
HOLD oo THE COUNTER GATE INPUT
- COUNTER RESET l
<
1 Mz OSCILLATOR COUNTER 5
weer b e -
COUNTER THPUT 1tz
(a) (b)

Fig. 7. (a) Block diagram of clock drift counter for calibration of ASR-80 internal
clock system, and (b) timing chart of clock drift counter.

Rt Zestiat i, 1 MHz RBBIER LM LETOM N 25 v vy T2 75—t e nw
VETHB., wAZ—e 78,2t ASR-80R oFOMERRY AN, WHo BN
b lusec TTHMNT D, fic~RAzx—« 2r ., 7 OFES <A A TIHDHE 2K L
ASR-80R D Fb- i ATHEM K TT5 (Fig. Tb). ftoT=Azx—~+2r7r, 7%& ASR-
80R DD NESHR T = 2 LilEA, Ithiadbriui, ASR-80R ot~ % — . »
By 2T HHETRDDIENTES.

ASR-80R v A7 22, ZoOffiEHPEIAFITES X9, B DESEIMHICHAL
w5 (Fig. 8).

4. ) 7b+9=z7

41 v 7+ 9T EFOREE

ASR-80R v 25 213, w4 7mravie. —a@ﬁéfﬁal D=V = 7 ORHRAIEH]
LTWh. T, TONEFY 7 v v = TSR i bic e 57w, ASR-80R
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VAT ADA=FT 2T EV T EY =TI, HECHEUDOWLTEDHE RO VELTER
DHULTEN . V7 b Y = T X BEEEN BTG, BT FE A2, B
LBA=FY 2 70HE M LY AT ADOWE - SEENTEAHHTH Y, IEHRMTENT
DYAT AD LS IGEIECHHTH 5.

ASR-80R @ v 7 v & = 71X biutc 4 = V28 & SERENMLE O LMD B, 4 THEK
R X - THATHD., V7 b9 TR LT2%r 4+ THY, £T ROM 2L
Dl TRIRIY, ~—FY = THRECHATE 3.

Y7y 7oL, Table 21wz k. thboy 7 by 2 74, FEFITEMK
% L BRONCHIICIXEM LEhicw. LT, V7 Y= 7OoMEC 2Tl b
2, HEEM7S S D k.

V7 v =27DY A FHINL Appendix 3 2R L.

Table 2. Functions of Software.

NAME FUNCTIONS

MONITOR Whole software control

TIME INCREMENT Interrupt program for inerement of the time
data in TIME DATA BUFFER

SYNCHRONIZE OF CLOCK Setting ASR-80R’s clock to MASTER CLOCK

CLOCK DRIFT Output information for clock drift mesurement

SHOT-MARK RECORDING Measuring of firing times for airgun system

i within +2 msec precision

DATA LOAD TO TAPE Loading of the firing time data on audio
cassette tape recorder

CLOCK ! Display of time on the LED

FIRING TIMING . To make firing timings by any interval and

! any beggining time

DATA LOAD TO FLOPPY DISK | To load the cassette data file on floppy disk

using IDS-8000Z computer system

4.2 FEEHRIN

ASR-80R v A7 AN ORIMIL, =A% —+ 7 ry 2 (107° B o5t LT
5.

RAR— w2k, DEFAAVARMTLLERELTLHEAD LW EDTE D)
% (Clock Start) #FIf<55. F—+5— X b UKL (& A, B, B 4, )
Dty P EAIWIHATHABOFE L >TANTEE, AL v 52 —~7 =14 2 (Fig. 3)
X b Clock Start 5 H-v~nizicd 0%+ —F35%. Clock Start 50 H-1v <
NETERT D &, REBICARAMN v &2 —7 o1 2% AN LT, Clock Reset 5% L
Bt o 2 T s, w0k, RN T — 2% K3 5 — % + .3, 7 » (Appendix
2) wimEet LR s T35, mEiEs, Clock Start E85 0 vy—sic kit s 0
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( START )
CLOCK RESET
ON
INPUT TIME
DATA START
SEFORE TOET R 1ze
BIT M Obll.
LOAD SEC
DATA TO CPU
YES
CLOCK RESET
STORE TIHE DATA YES
K
70 CLOC gH[SgIEUTE
PoE ROM
END
Fig. 8. Summary-flowchart of synchroni- Fig. 9. Summary-flowchart of
zation of clock (see Appendix 3-14). output minute mark.

— F OB TR & 0~—0.02 msec DOHIFENTH 5.
Lk, 1R mh BE 0AZMINT & » THLF — 2138 iz v EF st

4-3 EiEHRZER U - m AR

=AR— e 7wy 2 LRI EE R AV ASR-80R ol (F2EEHC i E 3 5.
WEEHE sz 37 ASR-80R 7 — #:%, B« 32 ThHH. fh-snx (1sec)
L, KEEEFD =Py =7 SOTEE N ER TUWAENG AL AL A~ F Y 2 TILE»T
BB ERNDOTY 7 by 2 7i2ED, 0FINIILTE 5. o2 g,
CPU ==, A Z80 PIO » PB6 (DATA OUT) X vHiH+5 (Fig. 3).

Gy ADERY, TR — 2 » %y 7 » (Appendix 2) O T — £ REMR L, IE
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7 (00F)) ##EzR+%& H- <24 10msee 4+ — + PB6 X hHiH3+ % (Fig. 9).
COXSRIENTES DI, EORAZMECT L VST — 20 b EFNRIFTETNCT
bR TWBERETHD.

-4 =7 H FEFERAIFHN

=T HVEERHZOHINL, =7 H Ve b YT =200 ThBRDOIER ¥ ToRE %
RHIS BN & ) RERLI 2 BT (Fig. 10).

CPU i3, W=7 H v DREEE=T WA v x2—7 24 A, ARHAvE—7 24 A
ZH LTENTS Fig. 8). =7xv - by w—o ON %HERTHE, BHF—x « A
» 7 7 (Appendix 2) ©H, B, 4, BF—2%RH L, AMHI VE—~7 - — 2%
LCRMIEE AT 5 Lmsee <A ARKOERETHY ¥ b F5, RO,
BLEBT =2 EHAS 7 > OB — 2 LRI T HHC L > THTLS. Imsee
ADNT VMY, EERLDROIEDE TORETH D0 LRFHAD 1 HUTFTOF — 4
i, 1LY v EDETHS.

OIS LTHLNITEEIL LR A T VICEE LT, =7 v e by w
~ DEHITIRS.

1mSEC COUNT CLEAR

<&IR GUN TRG Oz

YES

CLOCK DATA LACH

INTERVAL SET
START TINME

DATA ERROR

DISPLAY

YES
SEC COUNT
CLEAR

SEC COUNT#T

mSEC DATA:1000-ImSEC COL;I
MOVE SHOT MARK
10 DATA BUFFER
u AIR GUN TRG.OF|
YES

FIRE

— _FIRE_ .,
SEC B
IMSEC COUNT

OUTPUT FIRING
PULSE

Fig. 10. Summary-flowchart of airgun Fig. 11. Summary-flowchart of airgun
shot mark measurement (see Appen- firing timing (see Appendix 3-16).
dix 3-9).

FLOW CHART OF SHOT MARK RECORTING
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Te ATV v x4 3V, 10~990 BETIOAT » 7 TA v &~ ARREL
OB X D IIMBIATES X 51 L. iy, DATA OUT (Fig. 3 Lbhiilc
bR, Fo-orAix, 10msee oER] H- v~ ffo.

Ja—F4p— % Fig 11 2R L. FRrZF481E, F—F—-FIhAve—"1lil)
MtaESE 2y P L, FO=T—F =y 2% TH. ATTF — 2 M@ RIFE, BT
— % «.3, 7, (Appendix 2) PIoEZIE HMOBMARA L LKL, —EFTHETD
mrd. WHBAENRD L, =7 ¥ v RFAOHINEFA LS RRIT -2 « 2y 7
HOWF — g2k —+ LT, Bho v b uThd. Bry v ERERELCS V& -~
Wt sd, CPU ==, r§o PB6 (Fig. 3) kb, 10msec ® H- v~ 2zl
T3, DAL ADKINGER, BF— 20— FIHFEIN, Elmsec THD.

4-6 ~vIFr—7

Ty B Ty AT EANDF 4 7 2 A A EfTIR S Js, ASR-80R v 27 4 L1DS-
80007 13, 28~ K =—2icd DINHE L7 — 2 DL L > T b, ASR-
80R v 25 ATk, ¥—zo@EFiHiHAL LTDATAOUT (PB6) &7 2779y AT
JIC AL v 2 —7 =4 A (IDS IN) %A LT5. IDS-8000Z o AHiTNE, Al
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PO XA LTV (Fig. 12a).

ACKIGHLEDSE LIKE _MMM—I_L—
00 0,0/0:010/0
ASR-80R 105-8000Z

A N 0S-BCCOZ DATA IN

DATA BUFFER | DATAOUT Peg| CATA LING pow A [onra purrer | SIS EATAL
KHCALEDSE LINE

. 1/0 1DS IN A ALECSE L UT PORT A-0 START PULSE(100NOP)

AUDIO MT ACKNOWLEDGE PULSE(5NOP)
MIND FLOPPY T1SX

DATA QUT

@) L

(b)
Fig. 12. (a) Block diagram of handshake and floppy disk file(left)
and (b) timing chart of handshake (right).

Ny Ry a—rDxr4 vy, Fig. 12b o X 512 LTIl » T\ %. IDS-8000Z i1,
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{ START ’ ( START )

?

rq

START PULES
ACC to DATA SUTPUT

—
WAIT(100NOP)

l
SERIAL DATA

START PULSE
COME

YES

1 INPUT
SERIAL DATA l
OUT FROM
PB6 ACC SHIFT
| |
ACKNOWLEDGE |
’XEE&OW— OUTPUT :

LEDGE ON

ACC SHIFT

YES

DATA LOAD TO
DATA BUFFER

1BYTE DATA
QUTPUT

ASR80-R SIDE 1DS-8000Z SIDE

Fig. 13. Summary-flowchart of handshake(see Appendix 3-17).
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Appendix 1. ASR-80R system, software memory map.

FILE NAME LABLE ADRESS (HEX.)

AG80-08] CLOCK 0400
AG80-04J LED 0443
AG80-01J DISP 04A0
AG80-06J KEY 04E0
AGS80-07J REMON 0520
AG80-05J TCLOCK 054A
AGB80-03S TIME 0580
AG80-02J TBCD 05F0
AG80-09J TSHOT 0620
AG80-10J RED 0760
AG80-13J SCREEN 07F0
AG80-118 MONITOR 0800
MONITR 0928
GONE 0947
AG80-12J TISET 09A0
AG80-15J TSET 0A20
GOOD 0A78
WAIT 0AB4
AG80-16J DELAY 0ADO
AG80-17J FIRE 0B00

AGB0-18J SHAND 0BAO
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Appendix 2. Flag and buffer memory map.
*LED DISPLAY BUFFER

8000H LEDO
8001H LED1
8002H LED2
8003H LED3
8004H LED4
8005H LED5
*CLOCK BUFFER
8006H SECOND
8007H MINUTE
8008H HOUR
8009H DAY
800AH MONTH
800BH YEAR

*CLOCK DISPLAY FLAG-800EH
*YEAR, MONTH AND DAY DISPLAY FLAG-800FH
*SHOT MARK DATA BUFFER

8010H 1mSEC and 10mSEC

8011H 100mSEC

8012H SEC

8013H MINUTE

8014H HOUR

8015H DAY

*SHOT MARK RECORD ADRESS BUFFER
8016H LOW ADRESS

8017H HI ADRESS

*LED NO. BUFFER-8018H

*KEY SCAN FLAG
801FH KEY LINE
8020H KEY CODE (FFH IS EROR.)

*RETURN MONITOR FLAG-8021H(FFH-RETURN, OTHER-NONMEAN)
*REDUCE KEY CODE TO NUMERIC BUFFER-8022H

*PROGRAM NO. BUFFER-8023H

*SET TIME BUFFER

8025H SECOND
8026H MINUTE
8027H HOUR
8028H DAY
8029H MONTH
802AH YEAR

*SHOT MARK RECORD BUFFER-9000H-97FFH




~A4 e T ey =Rl Lic=7 7 v FEHRHIRAE ~ A 7 A 175

Appendix 3. Software list.

Subroutine “LED DISPLAY (AGS80-01)”

Subroutine “TIME BCD ADDITION (AG80-02)”

Program of “TIME INCREMENT (AGS80-03)”

Subroutine “LED ENCODER (AG80-04)”

Subroutine for “CLOCK (AG80-05)”

Subroutine “KEY SCAN (AG80-06)”

Subroutine “RETURN MONITOR (AG80-07)”

Program of “CLOCK (AG80-08)”

Program of “AJRGUN SHOT MARK RECORDING (AG80-09R)”
Subroutine “REDUCE KEY CODE TO NUMERALS (AG80-10)”
Program of “MONITOR (AG80-11R)”

Subroutine of “SET TIME DATA (AG80-12)”

Subroutine of “CHARACTER DISPLAY (AG80-13)”

Program of “SYNCHRONIZE OF CLOCK (AG80-15)”

Program of “CLOCK DEFLECTION (AGS80-16)”

Program of “FIRING TIMING (AG80-17)”

Handshake program for “ASR-80R (AG80-18)”,

handshake program for “IDS-8000Z (AG80-19)”,

subroutine “BCD REDUCE (AG80-20)”, for printing and
handshake and printing program for “ASR-80R (BASIC list)”.
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Appendix 4. Specifications of ASR-80R system.

*CPU UNIT
Microprocessor: Z-80 CPU.
1/0 port : Z-80 PIO.
Memory : ROM 2708 3Kbyte Max.

RAM 2114 4Kbyte Max.
TC-5516P 2Kbyte (841 shot mark data).
Handling instrument: 25 Key swich.

6 LED.
Audio MT interface: 1200 Baud-rate.
*CLOCK
X-tal: : 1 MHz 107° precision.
Output : 1 msec. and 1 sec.

*I/0 INTERFACE
INPUT PORT : 4 bit.
OUTPUT PORT: 2 bit.
*ATRGUN INTERFACE
Level comparater : A-760.
Inverting amplifire: A-741.

*AUDIO MT
Toshiba KT-1000B.

9. Acquisition System of Airgun Firing Data using
Microprocessors.

By Makoto SAITOH,

Depertment of Marine Science and Technology,
University of Tokai,

and

Junzo KASAHARA,

Eathquake Reasearch Institute, University of Tokyo.

A very efficient, very precise, economical and compact Airgun Shotmark Recording
System (ASR-80R) was developed. The purpose of ASR-80R system is to gain origin
times of airgun or explosion for seismic reflection/refraction study using an ocean bot-
tom seismometer.

The system using a microprocessor can save approximately 340 of airgun firing time
within +2 miliseconds precision. The maximum recording time is 3 hours for 30 seconds
airgun firing interval time by digital form.

- On shipboard, the firing times are stored in IC memory, and then these are loaded
on an audio cassette tape by 1,200 Baud-rate. The loading time is very short: approxi-
mately 30 seconds. The data obtained on shipboard using the above system are trans-
ferred from IC memory of the ASR-80R to mini-floppy disk in the IDS-8000Z microcom-
puter system at a land-based laboratory.



