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DEVELOPMENT AND OPERATION OF A REAL-TIME DATA
ACOUISITION SYSTEM FOR THE NASA/LANGLEY RESEARCH CENTER
DIFFERENTIAL ARSORFTION LIDAR
By
Carclyn Butler

INTRODUCTION

This report documnents worhk performed under Research Grant
NCCI-28 toward the improvement of computer hardware and software
of the NASH Multipuwrpose Differential Absorption Lidar (DIAL)
system. The NABA DIAL system is uwndergoing development and
guperimental deployment at NABA/Langley Research Center (LaRC)
for the remote measurement of atmospheric trace gas
concentrations from ground and aircraft platforms. A viable DIAL
system was developed capable of remotely measuring 03 and H20
concentrations from an aircraft platform. Test flights of the
DIAL system were sucessfully performed onboard the NASA/Goddard
Flight Center Electra aircraft from 1980-1%984 (ref.l).

The DIAL Data Acguisitiom Bystem (DAS) has wndergone a
number of improvements over the past few years. These have been
described in references 2 and 3. Puring the vyear of 1984 the
new DIAL DAS hardware and software were field tested on two
occasians. in April a study of a troposheric fold event was
conducted over predomipantly Nevada and California. The
experiment was very successful. The DIAL system measured pzone
and aerosols at two wavelengths {(three counting the offline UV
return). In June the Electra flew to Barbades, W.I. with a
number of esxperiments abgard to study the marine boundary
layer. After some initial problems with the laser cooling unit
and  trying to line up the 1.06 u return in the detector the
DIAL measurements were again successful.

These two experiments were the first opportunity we had to
field test the new DIAL DAS —— hardware and software. Several
problems were found and most were corrected in the field but an
the whole the DABE functioned according to plan. Confidence was
gained in the new digitizers —- Transiac 2012"s -- and the Bioma-
tion was never used. It was discovered, however, that there is
"crosstalk" between the Transiagc digitizers and their amplifiers
if their sides are removed {(which was done for cooling purposes).
The sides are now replaced on all urits and even though there
seems to be a lot of heat generated by the Camac Crate it has
caused no problems so far. We had no problems with the Cipher
streamer tape drives except for dirt collecting on the heads.
Due to inaccessability to the tape heads during flight a routine
maintenance of the tape units was performed while the Electra was
on the ground. Data tecords of 4020 words were recorded at 5 Mz
att streamer speed with ease. The dual computer system proved to
be extremely useful in allowing us to generate hard copy real-
time ouput of aerosol grayscales while simultaneously recording
data on tape and viewing other data output {raw profiles and

ozone concentrations) on the video monitor. Noise spikesy

occasionally caused LSI #2 to get out of synchronization with LSI

#1 but this was remedied by a new command called "SYNC", which
1
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resets LSI #2 for the expected response without interrupting any
of the functions of LI #1. A persistent "bug" in the software
caused LSI #1 to halt. When this happened, both computers had to
be halted and the programs re-loaded. This error was eventually
traced but not until the system was back at LaRC.

This report is written to document the changes made to
the DIAL DAB inm 1984. The bhardware is much the same as last vear
with the following exceptions!

(1) the BRiomation 1010 is no longer part of the system

(2) an ACT II color printer now does the realtime
grayscales

{3) the energy monitor data is now digitized before it is
sent to the computer and is interfaced throuwgh a DRVIL-C

The software has changed to implement the new hardware.
Dther software modifications have been made and will be described
in the section "Keyboard Commands".

AIREORNE DIAL SYSTEM

The airborne lidar system uses the DIAL technigue for the
Femote measurement of atmaspheric gas profiles. This technigue
determines the average gas concentration over some selected range
interval by differencing the backscatter signals for laser
wavelengths tuned on and off the molecular absorption line of the
gas under investigation. Two DIAL wavelengths are transmitted
with a 100 usec temporal separation. Simul taneously,
measurements of aerosol bachkscatter at multiple wavelengths can
be made by transmitting unused (non-doubled) energy from the DIAL
system puwnp lasers, The asrosol measurements are single wave-
length returns. A coaxial receiver system is wused to collect and
optically separate the DIAL and aerosol returns. Fhotomultipler
tubes (FMT) and photodiodes detect the backscattered laser re-
turns after optical filtering, and the analog signals from these
tubes are digitized and stored on high-speed magnetic tape.

The lasers can be fired at 1, T, or 10 Hz. Current objec~
tives are to transmit up to six wavelengths: two on-linpe WY
wavelengths (one for ozone and one for sulfur dioxide): an off-
line WV wavelength; two IR wavelengths (one shooting up and one
shooting downl}ji and a visible aerosol wavelength. The UV returns
would all be detected by the same FMT with 100 usec separation.
The visible wavelength (from the off-line) would be collected by
a second PMT and the two IR returns would be detected by separate
photodiodes. Present software allows up to four digitizers to be
used with no more than 42094 words saved in the computer (10 FHz
sampling interval). 0f the 4095 words alloted per buffer, at
least 20 are reserved far shot header information (shot number,
navigation information, energy monitors, etc.) so a sate estimate
of the number of words to record per return is obtained by
dividing 4000 words per buffer by the total number of returns.
I+ thete are six returns to be digitized then no more than &50
words per return should be stored (range of 9.75 km from laser
platform). This software limitation can be enceeded in one
channel only at the expense of decreasing the number of stored
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words from another digitizer channel.
DATA ACBDUISITION SYSTEM
The NASA multipurpose DIAL DAS is currently housed in half a

double rack (mee figure 1) with digitizers, control electronics
and photomul tiplier tube (FMT) power supplies occupvying the other

hal f. This is a tremendous improvement over the previous
configuration of one double rack for DIAL DAS and another for
control electronics, The advantage in space reduction is
obvious. It was also discovered that a one rack system

considerably reduced 60 Hz noise on signal lipnes between the
FPMT*s and the computer digitizers.

The DIAL DAS is based upon two Digital Eaquipment Corporation
(DEC) LSI 11/23 processors. Each LSI has 1ZBK words of 1é6-bit
memory . The overall +Fflow chart for the DIAL DAS is shown in
figure 2. In general, all data acquisition and storage is
performed by the LSI on the left (LBI #1), while all data display
and analysie are performed by the LBI on the right (LI #2).
LSI #! does have one data amalysis function. On command., LSI #1
will generate a reasl-time color scale representation of range
resolved data with averaging on the ACT II.

LS #1 acts as the master computer through which the
pperator comnunicates with LBI #2. The operator communicates
with the master's software through a modified Ann Arbor keyboard
(the Ann Arbor CRT has been replaced by one of the dual Panasonic
monitors:  the Ann Arbor interface board is mounted in a separate
bhau) . Operator input to LBI #1 is to a FPlessey FM=-DLV11J serial
line interface with four serial linmne ports (the fourth port being
the console inpui). The first serial port on L8I #! is used to
conmunicate to the console input port on an identical FHM-DLVILI
on LSI H2.

Data is presented to the operator on either the Fanasonic
video monitor through the Matroxw GREE-Graph comtroller and/or Lhe
system color printer Act II. Hard copy images of the video
graphics display may be obtained through Polarocid photography or
through & software copy comnmand to the Trilog {(with four size
options). The DSD-480C dual floppy disk units (double sided and
double density capabilities although not presently configured for
either option} are used for storage and retrieval of program

information on both LBEIs. The DIAL data is stored real-time
using one of two Cipher FBB0O magnetic tape wnits on 731.5 m (2400
ft) reels of 1.27 cm (.9 inch) wide magnetic tape. Two tape

units are required so that continuous data is stored while one
unit is rewinding. Tape speeds and densities are as follows:

25 ips E1600 bpi (PEs IBM and ANSI compatible)

100 ips 21600 bpi (PEX IEM and ANSI compatible)

S0 ips BIZ00 bpi (PEY not IBM or ANSI compatible)

A Dilog DEL3I0O provides Cipher interface with the LEI 11/2%.

The acquisition of data is accomplished using fouwr Transiac
Model 2012 waveform digitizers. The Transiacs are manually
progrrammable for digitization of analog signals into 12-bit
memory of selectable record lengths (2048 words are stored for
DIAL applications). The internal memories of these digitizers
are made available to the LBI 11/23 through a Kinetics Systems

e



CONSOLE | GRAPHIC

DISPLA DISPLAY
SPLAY S CAMAC CRATE

D50-48C DUAL
FLOPPY DISK # 1|

D50 -480 DUAL MASTER CONSOLE
FLOPPY DISK #2

CONSOLE KEYBOARD

NIMBIN

CIPHER STREAMER
TAPE DRIVE #)

- CIPHER STREAMER
TAPE DRIVE # 2

FUNCTION GENERATOR

LSI 11723 CPUM I FUNCTION GENERATOR

LSI 1i/723 CPU#2 FOCUS DRIVER

Figure 1,  Schematic drawing of the DIAL DAS as configured
on January 1, 1984,
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Direct Meinory Access (DMA) interface board. Sixteen Analog-to-
Digital Conversaion ({ADC) single ended inputs {or eight
differential) are available to the system through an ADVII-L
board. Unipolar inputs can range from OV to 10V and bipolar
inputs from =10V to +10V. Data can be converted with programmable
gains of 1,2,4, or 8 times the input voltage. In addition, there
are four DRVII-C modules (tiree in LBl #1 and one in LI #2)
available for parallel interfacing of TTL dligital signals.

BYSTEM CONFIGURATION AND COMNECTION

Data on system component size, weight, and power consumption
requirements are given in table 1, A drawing of the two
controller box distributions 1s shown in figure 3.

One advantage to going with a two computer system is that
one computer can be dedicated to data acquisition while the
second is dedicated to data analysis, thus allowing for much
more real-time processing of the data. A additional advantage
is hardware backup. Should one LS8I fail, then the other computer
can be used as a totally independent data acguisition system with
limited real-time display capabilities. In fact, the boards
have been configured inside sach LSI (figure 3) so that minimal
changes would be necessary for fall back to a one computer system.

Table 1. DIAL DAS component specifications for size, weight. and
power requirements.

A e e b e S0 ey B i R vy Mt bl gt R e o Ty M oAl g e B i P e T AL s e P L S ey B i St Al et R AL B i S e S e PR bk i b S B oy o P (S i

Height Weight Fower (amp
DIAL DAS COMFONENT {in) {1b) @ 119 Yac)

- " et s Y S " o Sty e S S A Sy P SAA S S T b e 4514 Sy PUB iy A by S AR Y bk PR AR ey B S BN b 44 By R b pre e e S are e oy bk oy i Y S = O T

Magnetic tape drive (2) 8.75 BO 1
L8I 11/23 {2) 5.5 sa 4
DEN~-480 floppy disk (2) e &0 1.5
FPanasonic dual monitors B.75 27 ]
Console keyboard 3.0 2 .3
Camac crate (full) 12.3 145 12
Trilog Printer (HxWxD) 38.5 » 30 w 24.25 185 7
“Act IT Printer (HxWxD) B.2 % 22 n 17.9 40 3
Total 710 30
Table 2a shows connections from the +two L8I%s. LST #2
houses spare boards which need not be comnected to anything at
presant. Table 2b shows various other connections that need be
matde 1n order to get the DAS wp and running. Table 3 lists
the necessary copnnections to the digitizers. The first item on
2b dis a "daisy chain" connection between the two Cipher tape
drives. The Cipher 880 manual shows no twist for these cables
é



M 8186 CPU { DSD-480 FLOPPY INTERFACE

DAl BOI INTERPROCESSOR LINK

DQ 130 MAG TAPE INTERFACE

CAMAC INTERFACE

DRVII =C @ 50 DRVII-C @ 60

DRVII-C @ 70 ApVII-C

LP I DLVII=-J

o~NOOOMbh N

M 8059 MEMCRY (128 K) TCU 50 -DYR

M8I86 CPU | DSD-480 FLOPPY INTERRACE

DAIl BOI INTERPROCESSOR LINK

DQ 130  MAG TAPE INTERFACE

MATROX QRGB - GRAPH

DRVI1-C @70 ADViI-C

b N~

LP 1 DLVII~-J

M8059 MEMORY (128K) TCU 50

@2

Figure 3. Internal computer configurations.
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Table 2a. DAS component interconnections.
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DSD~480 floppy interface

DA11EDI interprocessor link

DO130 magtape intertace

Camac crate interface
DRV11-C digital interface
{HLO)

PRV11-C digital interface
(@70)
ADV11~C ADC
LP11 lime printer
controller
DLY11=-J serial line
interface

26p flat cable
dual S0p ¢flat cables

dual S0p flat cables

S0p flat cable
40p flat cable
(customized)
40p flat cable
(customized)

36p flat cable

2p EIA (port 4)
2p EIA (port 1)

DSD~-4B0O 1
LSI #2 DAL1IROI
(FISP2§F22FP1)
Cipher {1
(J12P24 J29F1)
Camac crate
Energy monitor

Nav interface

ADC BNC panel
Act II printer

Ann  Arbor
LSI #2 DLViL
(port 4}

e o Lt iy W B i TS e S P g e S e e e e g (Y e T e e P . 7Y S S g S s S S o A d Pt by S G S S A Lo PO B S S B e i ey A B B

A . M o M i o T o S B e Mt B S M B S S v S S oy S . S o Sy PSS M M S A B S ey S By S G S e f e S b ey -t g b Py Sk e gt $ s i bt

D8D~48¢Q floppy interface

DAL11EDI interprocesseor link

DR130 magtape interface

Matirox GRGE-Graph

LPI1l line printer
controller

DLV11-~J serial line

26p flat cable
dual S0p flat cables
dual 50p flat cables
758 BNC cable
34p flat cable

Zp EIA ({port 3

DSD-480 #2
LS #1 DAl1ROT
spare

Famnasonic #2
Trilog T100

LSI #1 DLVII
(port 1)
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Table 2b. Qther interconnections.
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Connector Type
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Cipher #1

Ann Arbor interface
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SOp dual flat cables
(half twist)

26p flat cable

ENC cable

power cable
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Cipher #2
(F1=2FL3FP2P2)
kevyboard
Fanasonic #1
Power supply
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Table 3. lmpredences for digitizer connections.

Transiac Internal 50
Trigaoer N
Time Hase Y
Input Y
Amp Input Y

Available Connectiongs for Digitizers

Lase—-Coherent trigger

Master Control trigger
T-0 markers (positive)
T-Q markers (negative)
Diode clippers

i it vt o M o S et Vil s b g St R e ) el MYt 8 et S A et M g P B L S (N S N S e SV ol S gt A0 A B S Ml S A AP B S ke B AN A T i

but we found a half twist was necessary to make the tape drives
function properly, Also, Cipher #1 must not be terminated and
Cipher #2 muset have its unit number changed to two to make this
configuration worl.

The AR Arbor keyboard/display has functioned reliably and
vielvs «pod quality characters. The display, however, is large
antd  wwa hy. A VE-170 (DEC) keyboard kit was tried but the
lettaring was poor and characters were often thrown out to the

s 2en at random. A new keyboard kit is being investigated but
for now the Ann Arbor keyboard and its interface board are being
used. The interface beard is mounted in & separate box with an

axternal power supply.
It is not always easy to determine where a problem 1is

oceurring. The DIAL DAB programs have been written to provide
error messages when detection is pessible through software
technigues. These messages and appropriate action will be
detailed in a later section. The following section is provided

to help identify problems with peripheral devices.

B



PERIPHERAL PROGRAMMING INFORMATION

Tabhle 4 is a summary of the base registers anJd trap vectors
for all the peripheral devices associated with the two LSI
~amputers. The magtape interface is the only device at BR7 --
the highest priority interrupt. The components marked with an
asterishk are spare boards with switth registers set as shown:

Table 4. Base addresses for registers used by peripheral devices.

Device Base Agddress Trap Vectnor
LSI 4§

Floppy Disk 777170 2464
Interprocessor Link 772410 124
Mag—tape Interfacs 772520 224
Camac Interface 777580 400
#*DRV11~C @50

DRV11~-C @60 7677860

CRVLL-~-C @70 7&7770 I00
ADV11-C 770400 40
Line Printer Controller 777514 200
Serial Link (Console) 777560 &0
Serial Linh {(to LBI #2) 776500 20
TCU SO0-DYR 7FL0770

LSI 42

Fioppy Disk 777170 264
Interprocessor Link 772410 124
#Mag-tape Interface 772520 224
Matrowx 784400
*DRV11-2 @70 7467770
*ADV1L--C 770400

Line Frinter Controller 777514 200
Serial Link 777860 &HO
*TCU E0 760770

- — - —— ——— ——— it L — ——— e A B e b ek L B s o Y ek b S e gt

On the following pages each of these peripheral devices will
he disecusied in a little more detail. The intention here is to
provide only enough information to determine if & particular
device is functioning properly and for more involved programming
requirements references are given for each item.

DSD 480 Fleppy DRisk Svstem

— Tk el

The D8D 480 is a double sided, double density flenible disk

system which is RX02Z compatible with RT-11 V3E. However, since

the enioting DIAL computer system is using RT11 3 internal

switches were set to make it RX01 compatible (single sided,

single density). The +loppy disk registers are ouvtlined below.
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RXICS @ 777170 command and status register
RXIDB B 777172 data buffer register
1514 43 12 44 10 2 9 P I T NONUR ST S N
T T T E" El I d
RXICS " ~ W v ® "
g 777170 |8 |5 2 2|8 41z E g ¢ 2|3 &
8] & 12 5|§ & wlg 5 B|2 B 8B
ERROR Error detected.

INIT
XBAL17,YBALlS
RX02

SIDE SEL
DEN

TRAN RER

IE

DONE

UNIT SEL
FCN3-FCNi

Initialize the DSD 480.
Extended address bits.
RX02 system identification bit.
Side select: =1 for side 0f =0 for side 1.
Density of the function encoded in FCM1-FCM3.
Transfer request flag.
Allows DOME to inmterrupt.
Operation completed.
Drive unit select.
Function select: QQOQ Fill buffer
001 empty buffer

010 write sector

011 read sector

100 set media density
101 read status

110 write deleted data sector
111 read error code

50 Execute the function.
15 14 43 12 11 40 9 8 * 6 8 4 3 & 1 0
T T T |.J -lr l" T T _ 7:'
RXIES 2 418 &8 zl& &8 eija &
@ 777172 8 wle - SIS 2 215 ° o
o % g B1% E g4]8 8 FIE 5 &
MNXM Mon—existent memary error.
We 0OvL Word count overtlow.
SIDE BEL Indicates side selected during last opsration.
UNIT SEL Indicates unit selectwd during last operation.
DRY RDY Drive ready -- disk installed and ready tc go.
DEL. DATA Deleted data —— indicates deleted data address
mark was found on last aperation.
DRY DEM Density of diskette.
DEN ERR Digkette density did not match DEN.
FUWR 1.0 Power failure in the contreller/drive subsystem.
INIT DN Initialize done.
sD 1 RDY Set for double sided diskette when tready.
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CRC Cyclic redundancy error,.
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The Interprocessor Link provides a means of transferring
data through DMA between two LSI 11/23 processors. This ig the
device used by the DIAL DAS software to transfer a data record
from LI #1 to LSI #2 to be processed and plotted.

WENT @ 772410 word count

ADDR @ 772412 bus address

STATUS G 772414 sontrol/status

DATA B 772416 data buffer

15 14 43 12 44 10 3 8 7 6 5 43 2t @
1]
STATUS } N IR - . e 1 B
@ 772414 o r Z = & £ | 4 o o o
E18 5 glz = z|8 § wid & 3|8 & 8|

ERROR Set by NEX, ATTN from the other computer or by
bus address overflaw.

MNE X Non—existent memory.

ATTN Reads ATTN from the ather computer.

MATNT Maintenance.

IN IR Input interrupt request. Reads status of the OUT IR
from the other computer.

IN DIR Input direction. Reads status of OUT DIR +from the
other computer.

In  MODE Input mode. Reads status of OUT MODE +from other
computer.

CYCLE Initiates a DMA transfer when the generating DAL1EBOI
ig both the requested computer and the transmitter.
When CYCLE and GO are both set, an immediate bus
cvcle is enecuted.

READY Must be cleared before a block transfer can be dane.

1E Allows READY, IN IR or ERROR to cause interrupt.

XBAL17,XBALL Extended memory bits.

ouUT IR Causes IN IR and READY in the other computer.

oOuUT DIR During block transfer: =0 for transmitter: = 1 for
receiver. Must be opposite of IN DIR.

OUT MODE Output moder: =0 for DMA; =1 for program mode.

50 Enecutes.
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Two Cipher FB880 tape drives ar .'¢ailable for storage of
data. This allaows for continuous data . "sition when one drive
is rewinding. The +two units are cable ' cogether by a "daisy
chain" configuration and interfaced to the L8I 11/23 throuwgh a



Dilog DA130 tape coupler.

Tape density is determined by a button

on each Cipher unit and tape speed is software selectable. The
fast gpeed (100 ips) or streamer mode requires a longer
repositioning time if the tape motion stops during read or write
operations. The DIAL DAS software must stack data records in
extended memory during repositioning times to take advantage of
the streamer mode. Tests showed that for 40946 word buffers and
10 Hz DIAL data, 11 or 12 records would get stacked dwing
repositioning. The interface registers are outlined below.
MTS @ 772520 status
MTC B 7723522 command
MTRRC @ 772524 byte/record counter
MTCMA B 772524 current memory address
MTD E 772530 data buffer
MTRD B 772532 tape read lines
5 14 13 12 41 10 9 8 7 ¢ : S SN SO S S
MTS = *
[w] [+
@77:52‘:, o " | i = 5 - [ § -l 11 [+
28 ¥|3 8 2| §F 8|8 - 5|% 2 °
ILL COM Occurs if (a) a new instructicon is issued before last
one hacs finished, (b)) no write ring when told to write,
{(c) a command *o unit whose SBELR is 0, or (d) SELR
becomes O during tape operation.
EOF Set when end of file is detected duwring tape operation.
FAR ERR Farity error.
BGL Bus grant late,
EOT End of tape marker detected.
RLE Record length error -- detected during read
opperations if tape record is too long.
NXM Non—existent memory.
SELR Indicates unit addressed is on-line.
BOT Beginning of tape.
7 CH Set to indicate 7-channel tape unit.
SDWN Will accept new command dwing settle down as long
as it is in the same direction.
WRL Write lock set if no write ring is on tape.
RWS Rewind status set when rewind command given,
cleared at BOT.
TUR Tape unit ready is cleared by G0 and function occurs.
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ERROR Set by bits 7-15 of the status register.
PWR CLR Clears the control upit and tape units.
STREAMER Selects streamer mode.
usi,uso Selects unit number for MTS operation.
READY Control unit ready.
IE Interrupt enable,
XBAL17, XBAl& Extended memory bits.
FCN3-FCN1 Function bits {with GO set):
&Iu]4] (1) Off line
001 (3) Read
QLG (5) Write
011 (7) Write EQF
1Q0 (11) Space Forward
101 (13) Space Reverse
110 (15 Write with Extended Interrecord Gap
111 (17) Rewind
GO When set, begins operation defined by function.
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The Transiac 2012 digitizers are interfaced to the LS 11/23
through a FHRKinetics 3920 Crate Controller and a Kinetics Eus
Adaptar board, The interface is versatile in that any unit in
the Camac crate can be addressed by its slot number. The funec-
tion codes will be defined by the type of hardware being used in
that =slot. Since this interface is pres=ntly being wsed only for
the Transiac digitizers, only those function codes will be listed
here. The interface has four directly addressable registers plus
an additional & registers addressed by offsets.

DLO @ 777550 data low (RAZ = ¢, RAL = O)
LLO lam low (RAZ = 0, RAL = 1)
MAR memory address (RAZ2 = 1, RALl = Q)
DMACSK DMA control/status (RA2 = 1, RAL = 1)
DHI g 777552 data high (RAZ = 0, RAL = O
LHI lam high (RA2 = 0, RAL = 1)
WCR word count (RAZ2 = 1, RAl = Q)
EMA extended memory (RA2 = 1, RAl = 1)
MNAF @ 777354 station/function

CACSR @ 777336 contral /status
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ASCAN Enables the crate controller to increment the

Camac address on completion of a Dataway Cycle.
SLOTO-SLOT4 Station or slot number of Camac device.
SAO-SA3 Sub-address of Camac device (not used with Transiacs.)
FONQ-FCN4g Function code defined by uszer device.

Transiac Function Codes

O elnlslale] Read front panel switch settings. Sets @ = 1.
1 elaleWy] Read status of overtemperature indicator.
2 QO010 Read data seguentially from memory. The N+1 word
(N = record length) will return @ = Q.
10 000 Tests LAM and returns @ = 1 if ready for readout.
Must be preceded by funtion 32 (1101Q).
11 1001 Resets to sampling mode-—-all previous data is
written over. 0 = 1 returned.
12 01010 Clears LAM., & = 1 returned.
13 1011 Computer generated sampling clock. Sets @ = 1.
S0 11Q00 Disables LAM and switeches from readout mode to
display mode. Sets @ = 1.
21 11001 Generates stop trigger. Sets @ = 1.
32 11010 Enables LLAM —— enables unit for readout. Sets @ = 1.
I3 11011 Enables offset measurement logic. Sets @ = 1.
15 44 A3 12 41 0 9 8 ? 6 5 4 3 2 L\ °
CACSR W z | &
® 7778556 18 o % 8o w ™ e
z |9 & & 2|2 & w|@ L D& o
=] .l] 1= 1=’n: t!l |i-' w'-.alw EI llﬂ
ON-LINE (R) True when 3920 is powered and on-line.
L-5UM (R) True if any LAM is set in crate (causes interrupt).
NO-E (R/7W) Updated by 3920 during every Dataway Cycle.
NO-X (R/W) Updated by 3920 during every Dataway Cycle.
N#235 (R) During address scan operations, indicates the slot
number has been incremented past 23.
RAZ,RAlL (R/W) Used to select registers defined above.
DONE (R) True when 3920 has completed a progammed control
operation (i.e. non-DMA).
IE (R/W) When set, allows L-5UM to cause interrupt.
SET 2 (W) Dataway initialize.
SET C (W) Dataway clear (does not affect registers).

BET INH (R/W)} Sets state of Dataway inhibit line.




READ INH (R)

Reflects status of Dataway inhibit line.

GO (W) Starts 3920 operation defined in NAF and DMACSR.
13 44 12 12 41 40 9 8 7 5 % 4 3 2 ) _©®
DMACSR T T T 4 !wl T T T T
@ 777350 . ' § W
RA2 = 1 =) I -
[+ 4 <« = o vi
Rf—"lal ﬁg]g. 1 N E.g:gzlgl g'g'a
ERRDR (R) Set by NXM, NO-X, N}2F, or TMD: cleared by INIT or GJ.
NXM (R) DMA transfer to non—existent memory attempted.
TMO (R) Time-out condition during B-Repeat DMA mode (mode 3).
16/24 (R/W) Specifies 1&6 or 24 bit data transfers (1é6~hit = 1),
DMA DONE (R) Set when DMA operation is done.
DMA IE (R/W) Enables DMA DONE to interrunt.
Al7,A16 (R/W) Extended memory bits used with MAR during DMA.
M2,M1 (R/W) Specify mode when GO0 of CACSR is set.
mode 0 programmed fransfer
mode 1 @-stop/stop on word count
node 2 address scan
mode 3 O-repeat/stop on word count
5US (R/W) Set to suspend DMA operation.
Parallel Line Interface Module (DRV11-C)
This module acts as an interface between the LSI 11/23 and a
peripheral device. The DIAL DAS presently uses one of these
modules to pass data from the LORAN or INS interface to the

computer.

DRSR c
DRO @
DRI [}

DRER
E 767770

REG! H
REG A
IEE
IEA
CE8R1

CBRQ

There are three spare DRY11-C modules in LSI #2 which
are not being used.

747770 contral /status

TH7772 output buffer

767774 input buffer

15 44 43 12 44 40 9 8 7 6 5 4 3 2 4 9O

m T “«
Set by user device and causes interrupt if IEB =et.
Set by user device and causes interrupt if IEA set.
Interrupt enable for RER E.
Interrupt enabls for RER A.
User defined function -- if linked +to another
DRV1i1-C causes RERQ R.
User defined function — if linked to another

DRV11-C causes RER
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Binteen

(or eight differential)

e e i iy ey

ADV1I1-C board.

bipolar

programmable gains of 1,

ADST
ADEF

ADBT
E 770400

ERROR

ERR IE
ADDZ-ADDO
A/D DONE
IE

RTC

EXT TRIG
G51-GS80
GO

Analog-to Digital Conversion single ended inputs
are available to the DIAL DAS through an
Unipolar inpputs can range fram OV to 10V and
inputs from =10V to +10V and can be stored with
2, 4, or B times the input voltage.
@ 770400 control /status
@ 770402 data buffer
15 14 13 12 44 48 9 8 ¥ & % i 3 2 1 o
! 1 ¥ T T T Yoo # e sy oo par——)
w 3]
w & "
[ A o b
2| g 2 8 3(8 o o owila
Bl® |28 |8 % #|8 § &8 8
Caused by doing a GO when A/D DAONE is set or A/D

still in progress.

Allows ERROR to interrupt.
Channel address,
Set when A/D done,
Interrupt enable.
Enables real-time—clock input to start A/D conversion.
When set allows external trigger to start A/D.

Bain select: QO=i, 01=2, 10=4, 11=8,

Starts an A/D conversion -- cleared after starting.

cleared by reading A/D data buffer.

S e = - T e L T — 3 P

The

intertace
computer
software

LP11
computers and the TRILOG T100 printer.

the interface between +the LSI 11/23

Each computer has its own

provides

board and care must be taken to cable up +the desired
to the Trileqg. Eventually, we hope to have either a
instruction or a manual switech to select which

computer®s output to send to the Trilog.

LPS
LFE

LFPS
® 777514

@ 777514 status

@ 777316 data buffer
15 44 13 42 41 10 9 8 7 8§ 5 4 1 2 1 3
5 ' I 1 1 1 Ié' E‘J
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The Plessey PFPM-DLVI1J is a 4-channel asynchronous serial

line interface between the LEI 11/23 bus and standard I/0
devices. On LSI #1 one port is used to communicate with the
teletype and another port is used co communicate with a second
PM-DLV11d interface on LSI $#2. Haud rates on both boards have
been wire-wrapped foar 924600 baud.
From LSI #1 port #1 to LSI #2 port #4:
RESR @ 7746500 receiver control/status {(port 1)
REUF = 774502 receiver buffer (port 1)
XCSR @ 7746504 trangmitter control/status (port 1)
XBUF @ 7765064 tranemitter buffer {part 1)
From LSI #1 to console device:d
RCSR @ 777360 recelver control/status {port 4)
REUF @ 777562 receiver buffer {port 4)
XCSR @ 777564 transmitter control/status {(port 4)
XBUF @ 777566 Transmi tter buffer (port 4)

4% 14 13 42 44 1B & 8 P 5 5 4 2 2 4 @
RCSR C ' T "
B 774500
@ 777560 w

[=) L
1 1 lo - 1 L 1
DONE Set when entire word has been received and is
ready for transmission.
IE When set, allows DONE to cause interrupt.
RBUE A5 td 43 02 % 40 9 9 58 4 3 : 1@
& 776502 5 &
@ 777362 & x = ” [ w in A rm o - o
ERROFR get by bits 14,13, or 12.
OVER RUN Set when previous character was not completely read
prior to receiving a new character.

FRAME Set when no valid stop bit for character.
PAR ERR FParity error.
DAT7~DATQ Received data bits.

18
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XCSR ' ' '
B 776504 B %
@ 777564 - u

L L 1 1 L = A o 1 L ) 1. o
READY Set when XBUF is ready to receive another character.
I1E Enables READY to cause interrupt.
BREAK When set, causes a continuous space level to be

transmitted.
15 14 13 12 1t 1@ 9 B 7 & 85 4 3T 2 1 B

XBUF
l‘a‘ 77&506 fa 0 0n o M o [, [+
@ 777566 ¢ E )% ¥ £ |f T %

L L 1 ) L a L o < L < L o ‘:" Vi ‘a L o
DAT7-DATO Transmitter data bits.
Timing Control Unit (TCU-50 and TCU-50 DYR)

These two timing control units are similar in that they are
both crystal clecks that continue to operate even after the
computer has been powered down. The TCU-50 has month, day. hours,
minutes and seconds while the TCU-50 DYR also has year, day of
week as well as .1, .01 and .001 seconds. The two clocks are set
and read differently so both are outlined below. The TCU-350 DYR
is used in LBI #1 while the TCU-50 resides in LSI #2 but is not
currently being used by the DIAL DAS ~- it is maintained for

back—up purposes.

TCLU-20:

MNTH/DAY

@ 760770

HR/MIN
B 740772

1% 14 43 12 i1 10 g 8 7 6 5 4 3 2 i 3
X X = x

E 2 ElE Y
g a =] =] T [ T [ :&-:
. . = = = - Q (=] [~ [~ (=
15 14 43 12 411 10 9 3 7 & 5 4 3 2 1 @
w w ur w w 1]
- = - - = b=
-4 o [+ [+ [+ 4 - =2 =2 = = =
= =] = = =2 = = F8 T = =
=} [=] a [=) [=] - bt - [ - -
N M T = = = F A = n = = = =~
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BECND
B 760774

BTATUB
@ 760776

M/D SET
H/M BET
READY

TCWU-50 DYR:

DATA
& 760770

DAT7-DATO

CTRL
# 760772

IE
WRT

CLE/RAM

REF-RSO

15 44 43 12 44 10 8 ? & % 4 3 2 t 0

T L . ¥ Li L) T L) L —

=] a [=] [+ a a

r -1 F - 1 é f A

E = 8 =3

B 8 B|& ¢ &

N . ' ' N N ”."4“ “r W!Iv‘l

15 14 13 12 4 10 8 ? 6 % 4 3 L 0
L) 1 L] T L) T LJ L)

[ ™

w ur

] v =

Q

o &

n xl L L H _lml L L 1
Manth/day being set -— fast clock on.
Hour/minute being set -~ fast clock on when 1.
TCU ready.

15 14 43 12 11 19 8?7 & 5 4 3 2 i g

L] L] [ T L L) T L
0 n v Lo 3 hal o
E E|E 2 E|f % %
1 1 1 N 4 N aln]n & QIQ

Read/write data bits.
latch register,

When reading a counter or
the bits are 2 BCD numbeis packed in

B bhinary bhits (eg. 23 = QOOiG011 = QGOOL 0011 = 13).
15 14 43 42 4t 410 9 8 P § % 4 T 2 4 8
<
[+
= n 'o M~ v lwnn v MmN oW 2
oo %gs: ¢ 2 21¢ ¢ gle & ¢
Interrupt enable ! f switch 5W3-1 is on.
Write enable ~— allows writing to the clock or

RAM registers.
If this bit is O,

32 clock registers.

It 1,

one of the 1024 CHMOS RAM registers.
Register selwect!:

QOQ00
QQoot
Qo010
onoatl
Q100
Q0101
o0l1a

counter
counter
counter
counter
counter
counter
counter

L0011 secs

.1 and .01 zecs
IeCsS

mins

haours

day of week

day of month

then bits O—-4 select one of the
thern bits 0-9

select
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Q0111 counter - month

01000 lateh - ,00]1 secs

01001 lateh - .1 and .01 decs
01010 latch - GEES

01011 latch - mins

01100 latch - hours

01101 latch - day of week

Q1110 lateh - day of month

Q1111 lateh - manths

10000 interrupt status register (R)
10001 interrupt control register (W)
10100 gtatus bit

10101 GO command

10110 gtandby interrupt

The Matrox GRGB-GRAPH controller is a color graphics
interface for use with RGE monitors. Contained in a PROM is a
color look-up table which has been modified by Norman MeCrae for
gray—-scale operations. I have written general purpose software
routines to be used with the Matrox board and these are printed
out in Appendix I. There are 512 # 512 pinels available but due
to some flaw in the design of the Matrox board the software
only uses 256 piwels in the Y direction. There are 11 directly
accessed registers plus 14 CRTC registers that are indirectly
accessed through amn address register (VECT) and data port {(CRTS).
The CRTC registers will not be discussed here —-- they are used
only for initialization procedures and their use can be found in
the Matrox manual. Not all mnemonics for the directly accessible
registers will be defined in this rzport as they are not used in
the DIAL DAS software.

XREG 2 744400 X coordinate (10 bits)

YREBG @ 744402 Y coordinate (10 bits)

DATA @ 764404 data register (4 bits)

8T1 (R) @& 7a&44Q6 preset memory status

CTR1 (W) & 754404 zoom/pan control

ALP  (R)Y E 744410 auniliary light pen register

CTRIE (b)) @ 764410 colar map select

CTR4 @ 764412 write plane enable

8T2 (R)Y @& 7464414 vertical blanking status

VECT (W) @ 7464414 CRTC address/vector register

CTRS B 744416 CRTC data register/preset control
15 a4 13 A2 a2 e 9 8 P 6 5 4 3 2 1 g
€] ! T T —T T
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<3
o

N - MTITE e

e s

i,



P e B e e

PREM FLG I+ 1, memory is being preset or frame grab in progress.
13 14 13 12 (4 40 9 @ 7 6 5 4 3 2 4 9
CRT1 d]le@ N «|o = .
@ 764406 55555;::§¥ E18 § 4
o & - qQ =]
Bl B 8|8 & 18 2 4|8 £ 8|8 3 &
YZOOM1-YZ0OMO Y-zoom: Q0 = 1, Ql = 2, 10 = 4
XZ00M2-XZO0OMO X-zgom: 111 = 1, 110 = 2, 101 = 3, 100 = 4,
011 = 5, Q10 = &, QQ1 = 7, Q0Q = B
KPANZ~XFUANG Horizontal display pan delay.
ALTMAP Selects A or B color-look-up table.
BLINKEN When set, blinks display.
FGaC Continuous frame grab (not used).
DMA When 1, the display memory can be accessed by DMA.
TRAUEN Interrupt enable.
vDO EBUS Video bus ensble when 0.
Cl.IFEN Clipping enabled when 1.
WRCFL Data at X,Y is complemented when 1.
15 14 13 42 A1 10 8 6 7 €6 S 4 3 & L 0
VECT B
B 744414 2> x > {x : :j 3 : : oo e
=] gt.__ll-i-l-r-h::':-’u
o E|% @ E|E B E|E E E|lx & §
WRT AUTO When €, data in DATA is automatically written to
X, Y when VECT is loaded.
DEC Y When i, auwto-decrement of ¥ is in effect.
DEC X When 1, auto-decrement of X 1s in effect.
INC Y When 1, auto-increment of Y is in effect.
INC X When 1, auto~increment of X is in effect.
CRTC7-CRTCO Address of CRTC register (used only at start-up).

15 44 43 12 i1 10 9 8 7 5 S5 4 3 2 1 O

CRTS E ol M W lnw e MmN ow @

5 [ 9 b= b — - I -

moressle 1 E|E la & Z|% F 3|f % %
PRESET When 1, the part of display memory appearing on the

screen is preset to the value in DATA.
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DATA7-DATAO

Frame grab control.
Data port to and from the CRTC registers.



pIAL DAS BOFTWARE

The DIALL DAB Operating System (08) software consists of two
programs whi..h run simultaneously on the two LBI computers. The
program on LBI #1 is called "MASTER" and is dedicated to data
tranafer and storage. The LSI #2 program is called "SLAYE" and

is responsible for data analysis and display. The user communi-
cates with both programs through LBI #1 which passes data buffers
and dJdisplay options to Ll #2 as necessary. During real-time

experimental situwations, the MASTER program gathiers digitized
laser signals from the Transiac 2012°s., It also gathers laser
energies Lhrough a DRV11-C interface, temperatures and pressure
altitude from the ADVI1-C (amalog-to-~digital conver ter), time of
day from the TCU-S0 DYR, and position intormation from the Loran
or INS navigatioun devices through a second DRV11-C. Data acqui-
sition is interrupt driven by the Lase Coherent Trigger into the
Transiacs. After the data is packed into one continuous buffer,
the record is written to magnetic tape. If LSI #2 has finished
processing the previous laser shot, the new data buffer is tirans-
ferred to LBI #2 from LSI #1 through a DMA interpreocessor link,
The display rate in real-time depends on the ampunt of data to be
plotted and on the complexity of the data analysis to be
performed. For evample, at 5 Hz laser firing, 2048 words of raw
data from one unit (no analysis) will be viewed every third shot.
Real~time profiles of ozone or water vapor concentrations are
updated every fifth shot. These displays of raw and processed
DIAL information allow for real-time system optimization as well
as flight path decisions during flight operations.

Data transfer operations from the digitizing uwnits (2048
words each) are readily accomplished within the minimum 100 ms
operation time envelope between laser firings. Mot all of the
wards from each unit are saved in computer memory, but each wunit
is completely read to obtain the proper sequence of device
responses  or ecror conditions. Software commands are available
which control the starting point and number of words for data
storage for each signal return. The maximum buffer size is
presently set at 40946 words. The combined data stored from all
the digitizers in use plus the shot headzr information must not
exceed 4094 words.

Since the teletype is interfaced to LBI #1, a short program
is available on each of the system diskettes which allows the
user to communicate directly with LSI #2. Once LBI #1 is booted,

type "R LBIZ" to access LSI #Z. Thereatter, each character is
sent through ths2 serial lime interface to LEI #2. To exit, hit
the "BREAK" key —— this returns the user to 0DT <{(on line debug-

technique) on LSI #1,

To run the MASTER and SLAVE programs, LEI #2 must start out
in 0ODT. This allows program MASTER to boot LEI #2 and run
program SLAVE. The procedure to start wp the MASTER/SLAVE
programs is outlined below. System diskettes with the RTI1l
monitor on them have blue labels. The diskettes with the

L == gy i



Radhite

RN

sl i

programs "MASTER" and "SLAVE" have yellow labels.

1. Flace asvstem diskettes (blue) in drive O of both disk drives.

2. Place MASTER ({yellow}) in drive | of LSI #! and GBLAVE
{yellow) in drive 1 of LBI #Z2.

3. Eoot LSI #1 by typing: 173000g

4. Run program MASTER by typing: RUN MASTER

S. MASTER will load and in tuwrn call SLAVE. LSI #2 is ready
when "MATROX" ig visible on the video display. LET #1 is
ready when the default banner record is printed out on the
consale display. -

&, You are now under the RIAL DAS 0S. Anything youw type in

from now on will be interpreted by program MASTER. To
return to the monitor use the instruction KILL. To return
to ODT hit the BREAK kev.

7. To erase one character hit the "backspace" key. To erase a
whole iine hit the DEL key.

8. Yalid instructions are listed in the section "Keyboard

Commands".

19. I LSI #2 bombs to ODT {indicated by "&"), then type ROOT.
I+ LSI #2 bombs to Monitor (indicated by RT-11 error m=s-—
sage), type SLAVE.

The wser now has the capability to fully control data
buffering and recording, as well as many other aspects of data
analysis and display. A sample user dialogue is given at the end
of the section "Keyboard Commands". Comments are made on  each
line to describe what the user is doing (those preceded by two
hyphens) or what action the computer is taking (comments 1in
parentheses). Commands marked "——%" have arguments which are
already program defaults so they did not need to be entered.
They are included to demenstrate the use of these commands.

Data acguisition is controlled by hardware switches on  the
digitizing wunits and by kevboard commands. On the Transiac 2012
a knob setting selects the number of pre-trigger samples in
incremaents of 1/8 of the total record (a selected record length
of 2048 words would have pre-trigger increments of 256). A
tertain number of pre-trigger samples are desirable (about 10 to
20) to provide a good window for the trigger marker but certainly
not all 256 of the Transiac pre-trigger words need be saved.
There is also the case where a unit is used to digitize only an
offline return which occurs 100 usecs (or 1000 words) aftter that

unit was trigoered. The +first 100 usecs of data must be read by
the program, but only the data from the second 100 usecs need be
saved. The ipstruction " STORT U1,U2,U03,U4" determines the
starting word for sach unit at w-iich data is to be saved. For
those uwnits storing two returns (both online and offline), the
first retuwrn is saved starting at Ui and the secord return is
gaved starting at Ui + 1000, i = 1, 2, 3, OR 4. The number of

words saved for each unit is determined Ly the instruction
"POINTS Ul,U2,U3,U4". An examplez of data acouisition will be

b
£

If LSI #1 bombs, halt both computers and start back at step 4.



given at the end of the section "Keyboard Commands".
Real-Time Data Dimplay
All data processing and display to the video screen are

performed by the SLAVE program on L3I #2. LSI #1 is reserved for
data transfer from the digitizers, for magnetic tape operations,

and for console keyboard commupications. However, on reqguest,
LST #1i will produce real-time color representation of range
resmlved praofiles on the Act Il printer. On LBI #2, four basic

modes for DIAL data display are available, each with a variety of
display options. At the same time several other pieces of
information can be shown on the right hand side of the screen.
Data inputs from the ADV11~C and laser energies from the DRVLILI-C
interface can be viewed. Certain hook-up conventions must be
obzerved for the ADVII-C and energy monitor channels in order to
get defawlt conversion constants and labeling to correspond:

ARY11=-C Chanpel Input Label Upits
1 aircraft altitude ALT ft
2 dewpoint temperature DFT °n
5 temperature T °C
4 total temperature TT °c

Eneray Menitor Channgl
1 online WY laser energy UYN Md
2 offline UV " " UVF MJ
3 online IR M " IRN Phd
4 offline IR " " IRF Pld
g visible " " Vig MJ
& spare " " —-——— MJ

The DIAL DAS command 1language allows the user to input a
slope and intercept to the banner record for sach ADVILI-C channel
to convert the digitized counts to the units shown above. The
laser energies need only a slope which is also specified through
the DIAL DAS command language. Conversion constants must be
input as integers. Bo each slope and intercept is represented
by an integer mantissa and corresponding exponent of 10. These
four words per conversion channel are stored "1 the banner
record. The user also has options to update the plot side of the
screen (left) by itself, update the right side by itselif, or both
sides at the same time (UPDATE command).

The different display options are summarized below. Each
display mode has a number of default options associated with it.
These are swmarized in table é&. The default values can be
changed by various keyboard commands. Display options are avail-
able for bhackground subtraction, range—-square correction, over-
laying data of different digitizers, scale and more. Each display
option can be activated or de—activated in real-time to observe
signal features in the most useful format.

D T ——



This 1is the basic display mode which presents raw data from

wach of the digitizing uwnits as it exists
{(figure 4). The
while the ordinate

in

abscisgsa represents word sequence

is adjusted to present

magnitude with variable magnification.
"MODEL" calls up all the options listed as defaults in table S.

Table 5.

PARAMETER

Default plotting parameters.

the 12-bit
The one word instruction

GZOME

camputer

memory
memaory
s1gnal

GRYSCL

" 108y g Tt . o W Py S M iy TP g P it ot P ey Py D Mt A o o B i sy Wy S B S i Mt W AR S Wi oy PSSR i Bk e oy B Bl g b e v B b bt e oy AL A sy

unit select
y-aiis scale
H-anis scale
bachkground word
background window
trigger search
smooth

average shots
range cell

gas exponent

all
Q—4094
all data
750

30
no
no

atmospheric correction

Ravleigh correction

shift toa

update right screen ves

all
O—-4094
190m/tic
750

30
ves
10Sm
no

UNITL
O=800
150m/tic
750

0

Yeas
105m
100
210m
-10

ves

6.7 ppb
Nnao

no

UNITZ
180m/tic

%)

A second display mode presents the raw data signals in  an
As shown in figure 3, the online and offline
UvY signals are nverlayed when the data is tagged as a DIAL. type

overlapped format.

measurement.

The top

returns (single wavelength measurements)
default, each of these returns have been smaothed over 103m and
mark representing

plotted as a function of range
Each data shot is plotted in this mode starting
In this mode a search is

1 usec.

the FMT gate delay.

the laser firings.

displayed on the ight hand side of SCreen.
specifies the trigger ordinate level be dsed
digitizer unit along with the number of words it is
delayed. The lase—coherent trigger markers are

This

trigger

" @ach

2 profiles in figure S represent
at 60C0nm and 10&60nm. Hy

aerosgl

after

also performed for
a trigger position to line up each of the retuwrns with respect to

position word

number is
The user
for each
nominally
electronically

delayed 14 words from the actual laser firing but a breakthrough
pulse occurs at the same word as the laser firing.

Figure & shows

the effect of

activating the

background

subtraction and range sguared options on the profile of UMITLI in

figure 5 (MODEZ).
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This display mode presents the gas concentration mixing
ratine as & function of altitude or range calculated from the
DIAL signal pair (figure 7). For each DIAL return, the back-
ground signal level is integrated over a specified interval.
The starting point of this integration is selected by the command
"BEWORD" and the number nf words to average over is specified by
"RGWIND". This average background is subtracted from the return
signal, and the resulting data is then smoothed with & running
inean over the specified range interval {see “SMOOTH"). This
smpothing technique does not introduce errors only for those
atmospheric conditions where the aerosol scattering is not
changing rapidly along the DIAL measurement path. The DIAL
gouation (ref. 1) is evaluated uwsing the smoothed lidar returns
over a specified range cell size, usually 210 m. Ozone mixing
ratios are determined by dividing each range cell concentration
by the corresponding standard atmospheric number density at that
altitude. A carrection factor specified by "RAYCOR!' is
subltracted from the orone mixing ratio to compensate for HRaleigh
entinction differences between the on and off lines. Water vapor
miwting ratios are determined by dividing each range cell by *the
standard number density at sea level since the product of the
water vapor absorption cross section at line center and the
atmospheric number density is independent of pressure. This
pressure dependence correction cam be activated, however, by the
instruction "ATMCOR". Each DIAL signal pair produces a mixing

ratic profile. Any number of DIAL measurements can be averaged
together Lo improve the profile statistics at the expense of
increased horizontal integration for the measwrement. The

standard deviation for the resulting averaged profile is computed
al. increments equivalent to the range cell size and displayed on
the mixing ratio profile.

A 146 level gray scale display format is available for
presentation of the spatial distribution of aercsol scattering
{figure B8). In processing the aerosol lidar retwurn, the
background signal level iz subtracted +from the lidar-plus-
background signal and the geometrical range syuared lidar signal
dependence is eliminated. The resuwlting lidar backscatter
profile is indicative of the distribution of agrosols along the
lidar line-of-sight. The vertical reselution of the aerosol data
is 15 m. The nominal horizontal resolution is 10 m for aircraft
operation at a 1Q Hz repetition rate. The backscatter signal
level is converted into a 16 level gray scale display line where
stronger scattering is indicated by higher brightness on the
menitor or a darker dot pattern on the printed version of the
dizplay. Sequential gray scale lines are used to construct a
real-time picture of the aerosol vertical distribution along the
Electra flight path. Each of the gray scale displays can contain
300 individual or integrated aerosol profiles. At a laser pulse
repetition rate of ! or 10 Hz, the 300 individual profiles
correspond to a nominal horizontal traverse of 30 or 3 km,



*(p3abessae syoys ppr) Aepdstp INOZ0Q 40 9)duex3 *f 3anbL4

u|_|_ | LD ﬂ 138 R L — | L L) — LR L _ | L L m
- -
. - ._I.I
e T2 n 3 .
SA3gOIAL B -
I 1
(rYy -- "9 L — . 0T-3
Wy 8In °S L . S ep11vy
(CH> 4d1 "¢ L L £0
CCHY) NIl "€ L -]
(U 4NN "2 ¢ -
(FHY NN T L -
S3IITYINT ATJIYT L .
(3> 11 "¢ L N
¢ 1l "€ L T LINN 4 sod
€3> 1d9 "2 bt v v v v teteo s o by pop n by oo boag 1
CW> 1Y M8 GEl8% NOTT 2T-32B2° 84 PUDIS
Cld> 171 "¢ NB 9te 1d7 o A (gZ2> 1H
givd 90yNy 515 # L1OHS 7 ) 71337 o
6 # J01d C8T HLOOUWS

88:68G2GT ¥8/42/9 087 S10OHS

32




AWLDE DATA

1. AT )
Al m

1. 1 D

1.1

4 1T WD

LASER EMERGIES
TORLT]

i ¥
1. Iim

1F R
vis

Figure 8, Example of GRYSCL.
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respectively. This horizontal scale assumes a nominal ground
speed of 100 m/sec for the Electra aircraft. The gray scale
format showz the terrain profile, and it clearly identifies the
distribution of aerosols in the boundary layer and the free
Eroposphere.

—— b wm ——

This option represents the same type of display as described
for "GRYSCL"3} however, it is done in color on the ACT 11 printer.
When this option is activated, the current banner record and
ACTOM  plotting parameters are printed followed by a 25 shade
color scale display of relative aerosol concentrations. The
color scale which follows the color spectrum is shown at the top
of each plot. White is on the low end of the scale and black is
on the high end. The user specifies a minimum value below which
all data will appear as white ("WHITE") and a manimum value above
which all data will appear as black ("BLACK"). Data shots may be
averaged (up to 15 shots) or plotted individually. During real-
time operations the computer can plot aboul one profile a second
{either averaged or individual). Timeg, latitude and longitude
are printed at each minute marker (figure 2). The hard copy
continues until turned off with the instruction "ACTOFF" or

vhenever any of the ACTON plotting parameters are changed. The
user must re—-start the "ACTOM" atter changing plotting
parameters. This allows the new plotting parameters +to be

printed so that an updated record is always available.

Tape Storag

The DIAL data is stored in real-time wsing one of two Cipher
tape drives. This allows for constant recording of data while
one unit is rewinding. The data is recorded at 100 ips in
"streamer" mode. Streamer mode is the only method we found to
record the 4K blocks of DIAL data at 1D Hz operation. The
disadvantage of streamer mode is that if the tape unit doss not
get a new instruction within a small period of time it regquires a
long repositioning time. The DIAL DAS software was written so
that each data transfer from the digitizers is stored in a
consecutive block of extended memory -— up to 23 blocks are
available, Once transfer to the top block (8 740000) is done
data transfer continues to the bottom block (& 200000). When
a request is made to commence recording data, the first available
block is transferred +to tape as soon as  the tape has
repositioned. During repositioning time other data blocks will be

stored in memory and these are queued as they come along. As
soon as the tape is again ready it is given the next queued block
to  record. This procedure produces a streaming operation with
minimal need Lo reposition. Tests show that 4k blocks are

written to tape at 10 Hz with upto 10 blocks getting gueued, at 5
Hz & Dlocks get queuwed and at 1 Hz nno blocks get gueued.

Data is written using 1600 bpi FPE magneltic tape format on
2400—ft reels of .5 in wide magnetic tape. Each data storage
file begins with a 256 word banner record {14 bits per word) with

34




e -

N

ji “"‘\J JTA

Example of ACTON,

Figure 9,

35



Table 4. Banner record word assignments (dimensioned 2556).

Word Description

1 banner record format

2 tLape #

3 file #

4 # words in shot header

5 date

) plane altitude (feet)

7 up/down mode (O=downj l=up)

8 sampling frequency (MHz)

? lager fire word #

10 laser rep rate (Hz)

i1 absorption coefficient (mantissa)

12 absorption coefficient (exponent)

13-14 Spares

17 words/return unit 1

1B words/return unit 2

19 words/return unit 3

20 words/return unit 4

2 # returns unit 1

22 # returns wunit 2

23 # returns unit 3

24 # returns unit 4

25 starting storage word unit 1

26 starting storage word unit 2

27 starting storage word unit 3

28 starting storage ward unit 4

29 baseline unit 1

30 baseline usit 2

31 baseline unit 3

32 baseline unit 4

33,34 direction and magnitude of trigger marker unit 1
38, 76 direction and magnitude of trigger marker unit 2
37,38 dirgction and magnitude of trigger marker unit 3
39,40 direction angd magnitude of trigger marker unit 4
41 post-trigger delay {(usecs) unit 1

42 post—-trigger delay (usecs) unpit 2

43 post—~trigger delay (usecs) unit 3

44 post-trigger delay (usecs) unit 4

45 species identifier (RADSD) unit 1

44 species identifier (RADRSO) unit 2

47 species identifier (RADSO) wunit 3

148 species identifier (RADSO) unit 4

49 trigger marker delay (words) unit 1

a0 trigger marker delay {(words) unit 2

g1 trigger marker delay (words) unit 3

52 trigger marker delay {(words) unit 4

23-64 sRares

HE~-104 ADV11-C calibration constants for channels 1-10

4 words per chapnel (slope mantissa, slope exponent,
intercept mantissa, intercept exponent)

105-144 Energy monitor calibration constants for channels 1-4
4 words per channel (same as ADV11-C constants above)

S



Table 7. Data record structure for shot buffers.

=
]
-
[{x N
I=

Desgription

shot number

{} shots in buffer
time of day

uwnused

latitude (low order)
latitude (high order)
longitude (low order)

{!IJJ\JL'HGINH
[0 0]

10 langitude {kigh order)
it altitude
12 dew point tenperature
12 temperatura
14 total temperature
15-20 spare ADV11-C channels
21 onlipne UY energy
22 offline WY energy
23 online IR energy
24 offline IR energy
25 vigible energy
26-30 spare energy monitor channels
The above constitutes the existing shot header. After this
data the record buffer will contain the data stored from the
various digitizers. The banner record whese values were defined

in table & (IBAN) determines the storage of data:

if LeIBAN(S) (MI=IBANCLI7) ,M2=IBAN(LIB) ,M3I=IBAN(19) , M4=TBAN (20)
MI=IBRAN(Z21) , N2=TBHAN(22) , NI=IBAN (23) ,N4=TBAN (24)
then the data is located in the buffer as follows

start word # end word # gontents
1 L. shot header
L1 L+M1¥NL = K1 Unit 1 data
Ki+1 K1+M2ENZ = K2 Unit 2 data
K2+1 K2+M3I#NZ = K3 Unit 3 data
K341 K 3+MA%N4 Unit 4 data
37
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DIAlL DAB information as shown on table 6. The data from each
laser shot is packed into one large record on magnetic tape (data
from all digitizer units are packed into one single buffer).
Fach data record begins with a shot header of information

required on a shot-by-shot basis. This includes time, shot
number, latitude, longitude, altitude, temperature data., and
laser energies. The number of words in the header is currently
30 but this number camn be changed with the instruction "HDRFTS",
Tabie 7 shows the structwe of a typical data record. At the end
of the tape or at the end of the information stocred on that tape
there are 2 file marks (EOF' to denote end of information.

While recording data, if one tape drive reaches an ena of
tape marker then it will automatically back up two records, write
two EOF'"s, start rewinding the tape, and start recording a new
file on tke alternate tape drive,

i A s

This gection provider information necessary to decode and
convert various informaticn in the banner (IBAN) and shot header
{IBUF) .

DATE IRAN(S)
bit: 14 10 @ S 4 0
month day Year (binary)
To get the actual year, add 1972 to the value in bits 4-0.
TRIGGER MARKERS IRAN (33) —TRAN (40)

0dd words are ABCII representations of < (Q73), = (074), or =
(Q75) . Even words are some count value between —-2048 ard +2047.

GAB SFECIES THAN (45) ~TRAN (48)

Radix—350 values are stored, up to three charcters per ward, oy
packing them into single numeric values according to the formula:

(¢L % S0 + 3) # 50 + k)

where "i", "j", and "k" represent the octal code values:

Space 0
A - Z 1-32
0 -9 Sb6-47
HwDV11-C DATA IBAN(&5) —TBAN (1 04)

IBUF{11)~-FRUF (20)

The banner record contains the conversion constants for the
ADVil-C channels which are read in on a shot by shot basis and
stored in the shot header. The programmable gain of 1 —~10v to
+10v) was used with a format of offset binary so!

B



counts = IBUF(1Q+ICh}, where ICH = channel
volts = (counts-204B8) + (10v/2048counts)
and conversion to desired units is accomplighed by:

volbts#IBAN(LS+I4) ¥ 1OR#IBAN(LE + (4) +IBAN(L7+14) #10%% IBAN (&B+14)
where I4 is 4 % {(chanpel # -1).

ENERGY MAONITOR DATA IFAN(105) -TEAN{144)
IBUF(Z21) =-1BUF (30)

As for the ADVLL-C data, the conversion constants are stored in
the banner record and the laser energies are stored on a shot by
shot basis in the shot header. The values in the header are
2's complement binary counts which have been calibrated to read
in millivolts. To convert to millijoules!

IRJFC1S+ICH) % (IBAN/1QS+I4) #*% [IBAN (106+14) ) +IBAN(107+14) #10¥#IBAN(108+1I4)

vihere ICH ies the crapnel and ICH = 4 # {(channel # -1).
NAVIGATION DATA IBUF{7)—~IBUF {1)

Latit.. 2 and longitude are each 2 l&4—~bit word integers coded 1in
BCD. Bits 7-0 of the low order word are labels {(latitude label

in hex is 10 and leongitude is 90). The information is then
stored in bits 15-8 of the low arder word and bits 13-0 of the
high order word with .1 min resolution. Bits 14 and 15 of the

high order word designate east, west, north or south .
Some examples:

IBUF (8) IBUF (7
N@125.8 OOC0 1000 0001 0010 0101 1000 QOCGL OQCO
IBRUF(10) IBUF (9)

Wiss37.8 1101 0110 0110 O0ll 0111 1000 1001 Q000
EG7454.1 0000 0111 0110 0101 G100 0001 1001 000
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KEYBOARD COMMANDS

After the start-up procedure outlined above, all further
keyboard input is interpreted by the program MASTER. A complete
set of legal commands are listed on the following pages. A
single character of operator input can be erased by means of the
BACKSFACE (¢=) kevy, An entire line can be erased using the DEL
key. The DIAL DAS 0S8 is brought on-line with predefined aption

defaults, Data transfer froam the digitizers can be initiated
immediately if these defaults are suitable by means of the 8TART
command. Once START has been entered the program is interrupt-

driven by the digitizers and certain paramaters should not be
changed. Commands that change these parameters are listed in the
section "Stop Mode Commands" and can be used only after STOP has
been entered. Also included in the "Stop Mode Commands" are
those commands which deal with the interaction of the two LEI"s.
These commands can only be issued in stop mode to prevent the
computers from getting out of sync. Error messages are detailed
in Appendix I1I.

In the following list of commands, the variables Ui, UZ, U3,
and U4 are used to refer to input parameters for digitizer units
#1, H#2, #3, and #4 respectively. The Tramsiacs can be used in
any order which is determined by the command CAMACE whose input
parameters list the station numbers of each unit in the sequence
in which they are to be read.

Commands which have been changed or added since last year's
repart are depnoted by an asterisk.

1, Digitizer Storage Commands:

FOINTS Ui,UzZ2,U3,U4 # points/return for each unit
RETRNS Ui,U2,U3,U4 # returns for each unit

STORE Ui, u2,us,u4s store from this word for each unit
CAMACE I,d,K,L station # for Transiacs to be used

2, Play-Back Commands:

FLOT I plot 1 shots from tape
if I=-1 plot from memory
* ARCHIV This command causes successive profiles

being plotted on the ACT Il to also be
written to tape on Cipher #2. Another
program can them be used to quickly make
additional copies.

il

L2I #2 Program Control Commands:

ROOT boot LSI #2 then run program SLAVE
SLAVE rurt pragram SLAVE on LBI #2
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Frogram Control Commands:

START
STOF
RESTRT

SYNC

KILL
SHTSET
LSTENR
LSTPLT
CorY
FRINT
LIST

I

I.J

Banner Record Input!

FORMAT
TAPE
FILE
HDRFTS
UFDOWN
FULFRE
S5AMFRE
HEIGHT
FRETRG
ARSCOF
TODLY

DELAY
GASES
EASLIN
TRGLEV

I
I
1
1
I
1
I
I
I
I,d
ui,u2,uUs,us

u1,uz,Us,us

ui,uz,us,us

ut,uz,us,us

ati,bu2, cU3, dus

start data transfer from digitizers
stop data transfer

clears interrupts and issues a macro
RESET command which retuwns all units
to their status at power-up time
synchranize the two computers —-used
when monitor display fails to update
kill program MASTER and return to Monitor
reset shot counter to zero

print out current banner record

print out current plotting options
copy CRT to Trilog (sizes: I=1-4)
plot buffer is printed ocut on Trilog
ptrint data buffer from word I to J

if I<0 print buffer in memory

if I3 read buffer from tape

faormat # (=2 presently)

tape #

file #

reserve I woards in shot header

I=0 down—lookingi I=1 up-loaking
pulse repetition freguency (Hz)
sampling rate (MHz}

plane altitude {(ft)

# words stored before trigger marker
absorption coefficient I#10%%J (atm-cm)-1 |
# words offset between marker and
actual laser firing

usecs after trigger to start of return
I-letter gas identifier (AER,D3,H20)
base line for returns

trigger marker level where a,bh,c,d
can be = or < or »

[ el e 0. Tali

PRV et iy -, -

Ealibration Constants For Met Data:l

ADCH1 I,Jd,k,L altitude slope (I#10%#J) and intercept (F¥10%*L)
ADCH=Z " dewpoint "

ADCH3 " FRT temp "

ADCH4 " total temp "

Conversion Constants For Laser Energy Data: i
EMCHI I,J,k L channel 1 slope (I#10%%]) and intercept (Kx1O#%)
EMCHZ2 " channel 2 " !
EMCHZ " channel 3= " i
EMCH4 " channel 4 n

EMCHS " channel S "
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4.

=}

EMCH&
Magnetic

CIPHER
RECORD
EANNER
ENDFIL
REWIND
SKFEDI
FNDFIL
SEPFIL.
BAKFIL
SKPREC
EAKREC

Flotting

FLTMOD
MODE1
MODEZ2
DZONE
WATER
FLTERY
GRYSCL
UNITI1
UNITZ2
UNITS
UNIT4
ONMLINE
OFFLINE
BOTH
RETURN
SCALE
YMAX
LITER
DARKER
OFFSET
CLEAR
OVRLAY
BGWORD
HGWIND
SUBRRA
RNGEDR
8MOOTH
FLTAVE
INDEX

FIXFNT
UFDATE

RNGCEL
GASEXP

n channel & "

Tape Commands:

I

[ B B B B |

Options Commands:

I

ut,Uuz,uUs,u4s
I
I

I e B B B B B B Y B ]

cipher unit # (I=1 or 2)

write banner and start recording
write banner

write EOF and stop recording
rewind tape to BOT

skip to 2 consecutive EOF°s
search for file I (forward only)
skip farward I files

skip backward I files

skip forward 1 records

skip backward 1 records

select plot mode I (I=0 for no display)
raw data display
on/off line overlay display
pzone concentration display mode
water vapor concentration display mode
plot gray scale if¥ [=1
CRT aerosocl gray scale display
display unit #1 data only
display uwnit #2 data only
display unit #3 data only
display unit #4 data only
show on-line returmn only
show off—-line return only
show both on—line and off-line
plot return # for each unit (both=7)
plet scale factor where scalesZ#%]
display range interval (see note #2)
calses gray scale to be one scale lighter
causes gray scale to be one scale darher
offset x—anis by I
clear CRT (0=np clearil=data onlysilg=all)
overlay data from different units it I=1
start word # for background average
# wards to average for background (window)
subtract background if I=1
range correct if I=1
smooth data over I meters (mamx 105m)
average I shots in display
index of I through data buffer (if I=0
prrogram computes index necessary to fit
data on screen)
I pixels plotted per data point

= 0 update plot and right screen
I = 1 update plot only

= 2 wpdate right screen only
use range cell of I meters
concentrations in parts #10%%]
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SHFTOA I shift TOA marker by I words

* ATMCOR I if I=1 correct concentrations for
altitude change of standard atmosphere
(this correction not necessary when
the absorption cross—-section is changing
with altitude as well)

# RAYCOR I Rayleigh correction in same units as
BASEXF above

4. ACT II Colar-Scale Commands:

* ACTON start real-time color scale on Act II

* ACTOFF stop real-time color on Act 11

#* EXPAND I zoom factor (default is 3J)

¥ WHITE I minimum value of range corrected signal

—~— when it falls below this value it
will be white

* BLACK I maximum value of range corrected signal
—— when it falls above this value it
will be black

The following commands are identical in function as those
listed in the previous section but the "&" preceding each command
directs the action to the gray—-scale display on the Act II.

EUNITL BUNITZ EBUNIT3 BLUNIT4H ERETURN
EEGEWORD EEGWIND BINDEX EFLTAVE

It has been found that it is extremely important to precise-
ly lipe up the on and off line returns. Even a one word offset
can cause oscillations in the concentration profiles. Therefore,
there are several commands available to tell the program how to
find & trigger marker. The trigger markers provided by the lase-
coherent time base are electronically delayed from the actual
laser firing so that any noise due to flash lamp firing will not
mask the markers. These markers are the most accurate so  they
are used for the DIAL type returns. There are no trigger markers
available for the one-wavelength returns so either flash lamp
noise, or a breakthrough spike as the signal hits the aircraft
window, or in the case of the 1.06 return where the diode detec—
tor is always on the retuwrn itself cam be used to line up these
returns  with the DIAL returns. These types of markers occur  at
the time of laser firiag. The first step is to determine at what

word number the actual laser firing occurs. This can be done by
looking at any one of the three types mentioned above which are
rnot electronically delayed. The LIST instruction is wsed to

display the word valuegs in computer memory. When the word number
of the laser fire has been noted it is entered with the command
LASFIR. The next step is to tell the program whether a delayed
type marker is to be used or one which occurs at laser firing.
This is done with the command TODLY {(this delay must be entered

45

e R



for each digitizer uwunit being used). The lase~coherent markers
are presently delayed by 14 words (1.4 usecs) from the laser
firing. The final gtep is to specify the actual level for the
trigger with the command TRGLEV. Again, each digitizer unit will
have its own trigger marker level. The trigger level is entered
as less than (<). greater than (»), or equal to (=) some value
(eg. < O, » 200, = -2048).

The trigger search routine looks for the trigger marker in
the 11 words centered around where it enpects to +find one as
specified by the inputs LABFIR and TODLY. For esample, LASFIR
ig set for 6, TODLY is 14, and TRGLEY is =2048 then the trigger
search routine expects to find a value of 2048 between word 19
and word 25 of the online return and between PROINTS + 15 and
POINTS + 285 for the affline. If a value is found before that
window oar no value is found at all within the 11 words searched
then the data shot is not included in the concentration calcula-
tion. MODEZ display does a trigger search on each return so
inputs can be checked by displaying MODEZ. The wvalid trigger
words are displayed in the lower righthand side of the screen as
they are found. Invalid markers are denoted by an asterisk.

One  more word of caution. The occurrence of the trigger
marker in the data stream can be altered by switch settings on
the digitizers as well as by the command STORE. The Transiacs

have a pre—-trigger dial which increments by 236 words (for 2048
word record length). To allow for an ample window for the trig-
ger marker the Transiac should be set at 1/8 (1892 words stored
atter the trigger and 23546 words before). When the data from the
digitizers is transferred into computer memory for storage to
magnetic tape, the operator has the optien of selecting where to
begin storage with the instruction STORE. This command is espe-
cially useful with the Transiacs since so many pre-trigger words
need be digitized. It also helps to comserve on storage when the
firet 100 usecs {1000 words) of data in the digitizer are of no
interest and only the second retuwrn need be saved (such as the

visible aerosol measwrement). A STORE wvalue of 234 Ffor the
Transiac places the laser firing at word & in the data stream
and the trigger marker at word 20. If only the second laser

return were to be saved on a Transiac then a STORE value of 1234
might be used (the extra 1000 to skip the Ffirst 100 usecs).
Figure 10 shows digitizer memory as compared to computer memory
for the keyboard commands as follows:

STORE 234,274, 1234
FOINTS S00,500,S00
RETRNS 2,1,1

The sample dialogue on the following page shows how to =tart the
computer and run the DIAL DAS 0S8. tines followed by comments
preceded by two hyphens (——) are user inputs. Lines followed by
comments in parentheses are computer responses. The use of some
of the DIAL DAS 0S5 commands are shown. Those commands with
comments marked by ——+# need not be entered as the arguments
provided are already default values. They have been included for
demonstration purposes.
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Sample DIAL DAS Dialogue. User input are those lines followed by comments marked --.
Computer responses are those lines followed by comments enclosed in { ).

Q1730004 == pOOT LSI u1

RT=115] vo3-~oz2 (LSI wi COHES WP [H RTI1 SJ HMONITOR)
+MSSION DX DKE tPX1 IS TARGEY DISK DRIVE)

+R RTECT (SET RT11 DwVE FROM TEU=50 DYR?

» DATE [PRINT DATE)

20-JAN-BY {DATE PRINTED IF YCU-59 DYR RESIDENT)
JRUH MRYTER ~= RUNH PROGPAM 'MASTER™

217300013 (L1 #1 SCIDS DOOT COMMAND TO LBL 829
RT=118} vo3-~02 (LS] a2 COMES UP [H RT11 SJ HMAQNITOR)
LASSIGH DX DK 1Dl 19 TaRQLT DISK OM LS1 #2)

R RYSET (SET DATE FRON TCU=-%0 DyR2

+DATE FPRINT DATE)

+HO DRTE tTCU-%0 DYR HOT RESIDLCHNT OM LSI #Z)
LRUN SLetE tL37 ml TELLS LSI #H2 TD RUN PROGRAM *SLAULC")

(LSI Nl PRINTS OUT RESIDENT BaHHEFR REGORD)
e+ BRNNER RPECORD ...

TAPE: < FILEs: o HEADER WORDS: 1o TE: | EO av

LT 0 UP ‘DOWH: Q SAMP FRE: e LHSE FIPE wT B

REP RATL: 5 ADS COEF: 202E-230Q

UHET WEDS  RTRNMS START BASE TRIG DELMY SPECIELS TY DELpY
i ang H 234 2047 + 1500 S 03 td
2 daon 3 234 2047 =-2040 L) 1 4]
E) Qo0 1 1234 ~2048 >-1000 5 Wwis 1 2]

UHIT 1 = TRANSIAC 2
UMIT 2 ¢ TRAHNSIAC ©
UHIT 3 : TRANSIAC 10

ADU1 L~ COHVERSION CONSTANTS EHERGY MONITOP COHUERSIOHS
CHHUN SLOPE OFFSET LHuH SLNPE

1 1000, -1000, 1 1o

z iT. =79, -4 1.0

a IR =13, k) 1.0

4 20, 54, 4 H

5 [
] 1.0

2CAMACS 3,6,10 ~=m USE THE TRANSIACS IH SLOTS 2. 6+ wHD 1O
2POLHYS S00.500,%00 -- STORE 500 POIHTS/PETURN IN EHCH UNIT
PRETRHS 2.1,1 -=# STORE 2 PETURNHS FROM UNIT 31: STOPE | RETURN FROM 2 AHD 3
PSTORE 234,2334.1234 ~~& START DATA STORRGE FROM DIGITIZERS wT IHESE WORDS
PHASLIN 2047, 2047 ,~2048 ==% DASE=LINE OF EACH DIGITIZER
2DELAY 5:5.9 --s GATE TURH OM DELAY 1USESS) AFTERP LASER FIRE
*LASFIR & ==« LASER FIPES ARQUNMD WORD &
2TODLY 14,0414 ~=% UNITS ! 8 3 USE TO HARKEPS WHILH ARE DELAYED BY ({4 WORDS
PHDRPTS 20 ~=« THERE WILL BE 20 WORDS OF SHOT HEADER [NFORMATIOH
*GASES 03[R VIS -=w IDERTIFIES TYPE OF HEARSUREMENT FOR EALZH UNIT
?ABSCOF 176,-20 wa  APSORPTION CUEFFICIEHT TO BE wSED FOR U3 CALCULATIONS
PHEIGHT 3000 == PLAHE ALTITUDE IH FEET
?UPDOWN ¥ wet [MDICHTES DOWM~LOOWIHG HMNDE
PADCHY 15.,0,-7%,0 —=# SECOND ADWI1-C CHAHNEL «ILL BC 15 & LOLTS ~75,
PEMCHL 2.0 == CHANHEL 1 ENERGY IMN M} uILL BEC 2.0 * COUNTS
2. GTBHR -- LIST QuT HEW BAHNER RECORD

+++ BANNER PECORD ...

TAPE: 0 FILE: 0 HEADER WORDGSz 20 DATE: 1,20/R%

ALT: 13900 UR # DOWHs o] SAMP FRE: 1Q LASE FIRE aT 6

REP PATE: S ABS COEF: 1TGE-20

UNIT WPDS RTRHS START BASE TRI1G DELAY SPECIES T DELAv
§ D a 234 2047 ¢ 1500 s a3 14
2 SOU L 234 2047 =2048 E 1R '
2 co0 t 1234 =~2048 -=1BOD E) urs 14

UHTT TRANSIAC 2

1
UHIT 2 : TRPANSIAC B
UNIT 3 : TRANSIAC 10

ADVIL1~C COMMERSION CONSTAMTS EHERGY MONITOR COWHERSIONS
CHRAM SLOPE OFFSET LHAHN SLOPE
1 4000, =1000. 1 1.0
2 1%. =758, 2 1.0
3 19, “10, 2 1,n
I 20, =50, B 1.9
1 1.0
2} -]
*5TART == START [uTA TRANSFEF FPOM DIGITIZERS
2LIST =-1,30 -- LIGT LAST BUFFERP FROM WORDS 1| TO 30
SHOT:= 151
1 F-4 3 4 = & ? G a 10
Q 1900 1902 1699 1905 1801 2011 1899 L1900 1902 190y
10 1900 1903 1905 1592 1900 1901 1899 1901 1940 1900
Q 1631 tB23 1902 1900 1900 1904 1900 1902 1933 19,
?TRGLEV - 1700 -~ GHANGE TRIGGER LEVEL OF UNITL TO <t700

‘== HNOTE THAT THERE 1S SOME NOISE AT WORD 6 WHEN THE LASER FIRES
-- BUT THE TRPIGGEP MARKEFP DOES HOT OCCUR FOR ANOTHER 14 WORDS rWORD 2
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- TOA MARKER - TOB MARKER
2047
-~ GROUND GROUND TRANSIAC
0 UNIT |
a——ON LINE UV «—QFF LINE UV
-2048%5 | | | ]
0 254 290 1254 1290 2048
2047
GROUND TRANSIAC
0 UNIT 2
-2048% IR :
0 240 290 2048
2047 ~4— VISIBLE
«— GROUND TRANSIAC
0 + TOB MARKER—» UNIT 3
'2048 i | ] ]
0] i254 (290 2048
2047 ONLINE QFFLINE IR ViSIBLE
0 / ‘
-2048*+, | I o i
20 56 520 556 1006 0586 1520 1556 2000
Figure 10. Example of digitizer memory as compared to saved buffer memory.
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The scale factor "I1" for MODELl, MODEZ2 and MOTEZ is such that
displayed range interval = 206 # (2 #% =]}/ (2 ##% N-1)
where N = # digitizers in use,.
8o if a range interval of 40946 is desired with 4 units, the scale
factor must be =7. An easier instruction to use is YMAX 1 which

automatically scales the data for you so that vyouwr resulting
range interval is equal to or the next power of two less than the

input value I. For the gray—-scales the scale factor must reduce
range corrected signals to values between O and 15. This scale
is typically -B (i.e. S*R*R # 2 #% =8 ¢ 14). The instructions

LITER and DARKER will either increment or decrement the scale
factor by ane.
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RPPENDIX

DIAL DAS

TTY ERROR

CAMAC: DMA XFER ERROR

CAaMAC: NO-Q NOT BET
CAMAC: LAMB NOT SET
CAMAC: LAMS NOT CLEARED

MT: OUEUE EXCEEDS 22
MT: ILLEGAL. COMMAND

MT: Enw OF FILE

MT: CYCL1CAL REDUNDANCY
MT: PARITY ERROR

MT: EUS GRANT LATE

MT: END OF TAFE

MT: RECORD LENGTH ERROFR
MT: BAD TAFPE ERROR

MT: NON-EXTSTENT MEMORY
MT: ERROR?

MT: TAPE UNIT OFF-LINE
MT: NEED WRITE RING

MT: ACTION COMPLETE

MEMORY SWAP ERROR

NAYV INTERFACE NOT RESPONDING

170400 (ADV11-C) NOT THERE

ERROR MESSAGES

Teletype input error or attempt to
use BTUP moca command while
transferring data.

Transiac transfer errar -— check to
see that triggers and time bases
for all uwnits being used are

properly connected.
1]

Mag tape streamer gueue canpnot keep up.

Occurs i+ (a) a new instrugtion is isswed

before last one has finished, (b)) no
write ring when told to wwite, (¢} tape
unit is off-line or becomes off-line.

If data is being recorded when EOT is
detected, an alarm sounds, 2 EOF's are
written, the tape starts rewinding, and
data iz transferred to the second
tape drive.

This is an un-ecognizable tapz2 error.

This could occcur when swapping in
extended memory —-— but has not so far.

This usually mesns that the Loran
interface is not hooked up.

This occurs if the ADV1II-C board is
not resident.
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