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THEORY AMD OFERATION OF THE REAL-TIME DATA
ACEOUISITION SYSTEM FOR THE NASA/LANGLEY RESEARCH CEMTEFR
DIFFERENMTIAL AEBSORFTION LIDAR (DIAL)

By
Caroclyn EButler

INTRODUCTION
This report documents work performed under KResearch Grant

MCCI-28 toward the improvement of computer hardware and software
of the HMNASA Multipurpose Differential Absorption Lidar (DIAL)

system. The MNASA DIAL system is undergoing development and
experimental deployment at MASA/lLangley Research Center (LakRC
for the remote measurement of atmospheric trace gas

concentrations from ground and aircraft platfaorms. A viable 0IAL
system was developed capable of remotely measwring 03 and HZO
concentrations from an aircratt platform. Test flights of the
DIAL system were sucessfully performed onboard the MNASA/Goddard
Flight Center Electra aircraft from 1980-1985 (ref.l).

The DIAL Data Acguisition System (DAS) has undergone a

number af improvements over the past few VYRR S, These
improvements have now been field tested during two experiments in
1984 {ref =2,7) and further tested during the Amazon BRoundary

Layver Experiment in 1985.
This report is designed to be used as an operational manual

for the DIAL DAS. Few changes were made to the system in 1985
—-—- those changes will be pointed out in the appropriate sections.
Also, in this report an effort has been made to discuss the

theory behind a real-time computer svyestem as it applie=s " toc the
neede of the DIAL system.

ATRBORME DIAL SYSTEM

The airborme lidar system uses the DIAL technique for the
remote measurement of atmospheric gas profiles. Thise techniaque
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 250 usec temporal separation. Simul taneously,
measurements of aerosol backscatter at multiple wavelengths can
be made by transmitting unused {(non—-doubled) energy from the DIAL

system pump lasers. The aercsol measurements are single wave-
length returns. A coaxial receiver system is used to collect and
optically separate the DIAL and aercsol 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 tépe,

The lasers can be fired at 1, 5, or 19 Hz. Current opera-
tions are to transmit five wavelengths: an on-line W and coff-
line WY for DIAL ozone measurementsi: two IR wavelengtnes (one
shooting up and one shooting downl)i: and a visible aerosol wave-
iength. The UV returns are both detected by the same FMT with
250 usec separation. The visible wavelength {(from the off-line)



is collected by a second FMT and the two IR returns are detected
by <cseparate photodiodes. Fresent software allows up to four
digitizers to be used with no more than 4096 words saved inm  the
computer (10 MHz sampling intervall. 0f the 4096 words alloted
per bufter, at least 35 are reserved for shot header information
(shot number, navigation information, energy monitors, etc.) so a
safe estimate of the number of words to record per return is
obtained by diwviding 4000 words per buffer by the total number
ocf returns. I+ there are six returns to be digitized then no
more than 6350 words per return should be stored (range of 2.7% km
from laser platform). This software limitation can be exceeded
in one channel only at the expense of decreasing the number of
stored words from another digitizer channel. For example, the
current defaults are to store 600 words from the two W retuwns,
SO0 words from the visible aerosol, 800 from the IR looking down,
and 1400 words from the IR looking up.

DATA ACOUISITION SYSTEM

The DIAL DAS i1s currently housed in halt a double rack i(see

figure 1) with digitizers, control electronics and
photomultiplier tube (FMT) power supplies occcupying the other
hal+. This set—up is advisable in that it eliminates the ccocur-—-

rence of ground loops between the FMT's and the digitizers.
The DIAL DAS is based upon two Digital Eguipment Corporation
(DEC) LS5I 11/23 processors. Each LSI has 128K words of 1l&6-bit
memory . The overall flow chart for the DIAL DAS is shown 1in
figure 2. In general, all data acquisition and storage is
performed by the LSI on the left (LS5I #1), while all data display
and analysis are performed by the LSI on the right (LSI #2). LSI
#1 does have one data analvysis function. On command, L5 #1 will
generate a real-time color scale representation of range resoclved
data with averaging on the ACT II.

LSI #1 acts as the master computer through which the
pperator communicates with L5 #2. The operator communicates
with - the master’s software through a madified Ann Arbor keyboard
{the Ann Arbor CRT has been replaced by one of the dual Fanasonic
monitorss the Ann Arbor interface board i=s mounted in a separate
boi) . Operator input to LSI $#1 is to a Flessey FM-DLV1IJ serial
line interface with four serial line ports (the fourth port being
the console input). The first serial port on LSI #1 is used to
communicate to the consocle input port om an identical FH-DLLVLILJ
on LSI #2. :

Data is presented to the operator on either the Fanasonic
video monitor through the Matrox GRGE-Graph controller and/or the
system color printer Act I1. Hard copy images of the video
graphics display may be obtained through Folaroid photoagraphy or
through a software copy command to the Trilog {(with four size
options). The DSD-480 dual floppy disk units (double sided and
double density capabilities although not presently configured for
eitther option) are used for storage and retrieval of program

information on both LSI"s. The DIAL data is stored real-time
using one of two Cipher FB880 magnetic tape units on 731.5 m (2400
ft) reels of 1.27 cm (.8 inch) wide magnetic tape. Twa tape

units are required so that continuous data is stored while one
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Figure 1.

Schematic drawing of the DIAL DAS as configured
on January 1, 1986.
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unit is rewinding. Tape speeds and densities are as follows:

25 ips @1600 bpi {FE: IEBM and ANSI compatible)

100 ips 81600 bpi (FE:; IBM and AMSI compatible)

S50 -ips EIZ00 bpi (FE: not IBM or ANSI compatible)

A Dilog DE13Z0 provides Cipher interface with the LSI 11/27%.

The acquisition of data is accomplished using four Transiac
Model 2012 waveform digitizers. The Transiacs are manually
.programmable for digitizatiom of analog <ignales into 12-bit
memory of selectable record lengths (the settings are typically
2048 or 4096 for DIAL applications). The internal memories of
these digitizers are made available to the LSI 11/22% through &
kinetics BSystems Direct HMemory Access (DMA) interface board.
Sixteen Analog-to-Digital Conwversion (ADC)Y single ended inputs
{(or eight differential) are available to the system through an
ADV11-C board (not used),. Unipolar inputs can ranmge from oY to
10V and bipolar inputs from —1QV teo +10V. Data can be converted
with programmable gains of 1,2,4, or 8 times the input wvoltage.
In addition, there are four DRV11I-C modules {(three in L5I #! and
one in LSI #Z) available for parallel interfacing of TTL digital
signals.

SYSTEM CONFIGURATION AND CONNECTION

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

One advantage to going with a two computer system is that
one computer can be dedicated to data acqguisition while the
second is dedicated to data analyeis, thus allowing +for much
more real-time processing of the data. An additional advantage
is hardware backup. Should one L5I fail, then the other computer

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

Height Weight Fower (amp
DIAL DAS COMFONENT tin) . tib) @ 115 Vac)
Magnetic tape drive {Z) 8.75 80 1
LT 11723 {2) 5.5 25 4
DSD-480 floppy disk (2) 5.5 SO 1.5
Fanasonic dual monitors ]2.75 27 .S
Console kevyboard Za 0 2 ]
Camac crate {full) 12.5 105 12
Trilog Frinter {(HxW:D) 38.5 = 30 x 24.25 185 7
Act II Printer <(HubhD) 8.2 22 % 17.9 40 3

Total T10 0

i
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Figure 3. Internal computer configurations.




can be used as a totally independent data acquisition system with
limited real-time display capabilities. In fact, the boards
have been configured inside each LL5I (figure %) so that minimal
changes would be necessary +for fall back to a one computer system.

Table 2Za shows connections from the two LSI's. e #2
houses spare boards which need not. be connected to anvthing at
present. Table “Zb shows various other connections that need be
made in order to get the DAS up and running. Table = lists
the necessary connections to the digitizers. The first item on
Zb is a "daisy chain" connection between the tws Cipher tape
drives. The Cipher 880 manual shows no twist for these cables
Table Za. DAS component interconnections.

L5I #1 Board Connector Type Destination
DSD~-480 floppy interface 26p flat cable DED-480 #1

DA11IROI interprocessor link dual S0p flat cables LBI #2 DA1LIEROI
(F1 PE3FZ F1)

DE1Z0 magtape interface dual S0p flat cables Cipher #1
(J1 FZ332 FL)
Camac crate intertace Sip flat cable Camac crate
DRY11-C digital interface . 40p flat cable A/D intertace
_ (@50) {customized) {N. PMcRae design)
DRY1L1-C digital interface 40p flat cable Energy monitor
{(@H0) (customized) {R. Allen desigm)
DRVY11-C digital interface 40p +flat cable Nav intertace
{E70) (customized) (M. McRae design!
LF11 line printer Z4p flat cable fAct 11 printer
controller
HYvilt—-Jd serial line 2p EIA f(port 4) Ann Arbor
interface Zp EIA iport 1) LSI #2 DLvi1l
(port 4)
LST #2 Roard Connector Type ~ Destimation
DSD-480 floppy interface 26p flat cable DSD-480 #Z2
DALIRBOI interprocessor link dual 50p flat cables LSI #1 DA11ROI
DR130 magtape interface dual SOp +tlat cables spare
Matrox GRGB-Graph 75 EBNMC cable Fanasonic #2
LF11 line printer Z6p flat cable Trilog T1GO
controller .
DLV11-J serial line Z2p EIA (port 4) LST #1 DLWV11

{port 1)



Table Zb. Other interconnéﬁtions,

Source Connector Type Destination
Cipher #1 S0p dual flat cables Cipher #Z
(half twist) {(F1 P1:iF2 FP2)
Ann Arbor interface 26p flat cable keyboard
EMC cable Fanasonic #1
power cable Fower supply
Table 3. Impedences for digitizer connections.
Transiac Internal SO
Trigger N
Time BRase Y
Input Y
Amp Input Y

Available Connections for Digitizers

Lase—-Coherent trigger
Master Control trigger
T-0 markers (positive)
T-0 markers (negative)
Diode clippers

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

The Ann Arbor keyboard/display has functioned reliably and
vields good guality characters. The display, however, is large
and bulky. A VE~-170  (DEC) kevboard kit was tried but the
lettering was poor and characters were often thrown out te the

screen  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 board is mounted in a separate box with an

cexternal power supply {(drawn from LSI #1 chassis).
It is not always easy to determine where a problem 1is

OCCurring. The DIAL DAS programs have been written to provide
error messages when detection is possible through software
techniques. These messages and appropriate action will be

detailed in the Appendix.
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" DIAL DAS FROGRAM THEORY

The NAS5A multipurpose DIAL DAS has been developed toward
optimizing the following:

1. Speed. The DIAL DAS must be able to digitize and store
4096 words at up to 10 Hz rates as well as retrieve other infor-—
mation such as navigation, laser energiecs, and meterclogical
data. All this data must be read into computer memory {(possibly
averaged) and then recorded to magnetic tape prior to the next
laser fire. To accomplish this, DMA (direct memory access)
devices were chosen. Timing tests show that it takes about 16
meecs to store 2000 words from the Transiac 2012 digitizer. To
record the data, streamer tape speeds are a neccessity i{for 40%56
words  and 10 Hz). Since tape units take about 2 minutes to
rewind, two streamer tape drives are necessary to avoid interrup-—
tione in the data.

2a Size. Since the LakRC DIAL system is mainly an airplane
platform system, size is a major consideration in DAS hardware.
The current DIAL DAS is half the size of what it was five vears
ago with more than twice the computer capability.

. Frogram control. Some experimenters preter the type of
computer system which, once started, runs itself with no operator
intervention necessary. The DIAL DAS is not that kind of system
arnd, in fact, reguires this report and some hands—on experience
to operate. The advantage to this type of software is that 1t
allows the experimenter to have maximum control over real-time
data acquisition and displavy. Near instantaneocus modifications
can be made to both using the commands detailed in the section
"Fevboard Commands".

4. Data display. There are three purpocses to the DIAL DAL
data display. When starting out on a mission a fas refresh
plotting capability is needed to align and optimize retuwns.
Whern a dial or a mirror is turned we need near instantanscus
display of that adjustment. As the mission proceeds we need the
capability to momitor our retwns but the reftresh cycles are not
=20 important. At this time, however, we need the capability to
do <come processing of the data to determine ozone and relative
aerosol concentrations. We cannot expect to do all necessary
corrections to the data in a real-time situation, =so the software
has been written to do as much as possible in the orne second
refresh time allotted. As an example, ozone concentrationg can
be calculated but the aeroscl correction is not performed. Hard-
copy color maps of asrosol concentrations have been extremely

<2

7

useful in DIAL missions in determining aerocscl  layer and
subsequent Fflight altitudes in and around those lavyesrs. This

third purpose to the data display is diagnostics. Thera
timee when we need to look at the retwns in a number of
different ways 1in order to determine why we are getting errors in
ouwr concentrations. I+ the problem turns out toc be something
like mis—-aligrnment, the beams can be re—-aligned and the data for
the mission can be salvaged.

The DIAL DAS has four data display capabilities. The CRT
kevboard monitor can be used to list out raw data, the current
banner record {(a record concsisting of experimental parameters) or

o

~r



the current plotting options. The second CRT monitor is used for
plotting data returnse in a number of viewling modes. There are
also two printers, one 1is a color printer which 1s used to
generate real-time aerosol concentrations in a 3-D type- display
and the other is used to make hard copies of the plotting CRT.
Flans are to purchase a second color printer for plotting real-
time ozone concentrations in a similar facshion as the aerosocl.
All these display modes cannot be performed by a single computer
which 1s why the DIAL DAS is a two-computer system. The
advantage of having all these display modes is two-fold: (1)
maximum control over experiment objectives, and (Z) hard-copy
data format for post-mission debriefings. The disadvantage is
that the DIAL DAS software is long (requires most of the 128K
word memory on both computers) and involved {nct easily
interpreted by cther programmers).

Ideally, 1t would be decirable to see all the data inpute at
any processing level on a shot by shot basis but this is usually
not poscible in a real-time situation. ARs an example, we have
two modes of calculating ozome concentrations for CRT displavy.
One mode does a shot-by-shot calculation averaging in each

successive concentration. This allows the user to <see an
wpdating and converging average and when the specified averaging
interval is complete ervror bars are also shown. To perform the

ratios and logarithms each time requires considerable CFU  time
{about .8 seconds an the LSI 11/23). The other mode averages all
the on—-line returns and all the off~line returns and does only
one DIAL calculation at the end of the cspecified averaaging

interval. In this mode, the screen remains empty during the
averaging process and no error bars can be calculated, however,
the computation is done in about half the time. In real-time

situations there is a trade—-off between time required to generate
a display versus being able to view the data in the most
imformative wavy. The DIAL DAS display modes will be covered in
more detail in the section entitled "Real-Time Data Displavy" and
refresh times are cited for each example shown.

10



FPERIFHERAL FROGRAMMING INFORMATION

Table 4 is a summary of the base registers and trap vectors
for all +the peripheral devices associated with the two L5I
computers. The magtape interface ig the only device at BR7 --
the highest priority interrupt. The components marked with an
asterisk are spare boards with switch registers set as shown.

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

Device Base Address Trap VYector
LSI #1
Floppy Disk : ) 777170 264
Interprocessor Link 772410 , i24
Mag—-tape Interface 772520 224
Camac Interface 777550 G0
DRV11-C @&50 767750
DRY11~C @60 7867760
DREV1ILI-C @70 767770 : E00
*ADV11-C 770400 40
lLine Frinter Controller 777914 20D
Serial Link {(Console) ’ 777560 &HO
Serial Link {(to LSI #2) 776500 A2
TCU S0-DYR 760770
LSI #Z2
Floppy Disk 777170 264
Interprocessor Link ' 772410 124
#Mag-tape Interface - 772520 274
Matrox 764400
#DRV11-C @70 787770
#ADV1I1I-C 770400
Line Printer Controller 777514 200
Serial Link 7773260 &0
*TCU S0 760770

On the following pages each of these peripheral devices will
be discussed in a little more detail. The intention here is to
provide only encugh information to determine i+ a&a particular
device is functioning properly and for more involved programming
reguirements references are given for each item.

Disk System

The DSD 480 is a double sided, double demnsity flexible disk

system which is RX02 compatible with RT-11 V3EH. However, since
the existing DIAL computer system is using RT11 VY3 internal
switches were set to make it RX0l1l compatible i{single sided,

single density). The floppy disk registers are outlined below.



RXICS
RAIDE

RXICS
@ 777170

ERROR
INIT

XEAl17,XBAL6

RXO2
SIDE SEL
DEN

TRAN RER
TE

. DONE
UNIT SEL
FCNZ-FCN1

G0

RXIES
@ 777172

NXM

WC ovL
SIDE SEL
UNIT SEL
DRV RDY
DEL DATA

DRV DEN
DEMN ERR
FUR LO
INIT DN
SD 1 RDY
CRC-

777170

command and status register

777172 data buffer register
13 14 13 12 11 10 9 8 7 6 3 49 3 2 1 -]
L 4 R L] L L La L] L g 1] T
- =4 -l
w w wu
o N w @ « @
o [ ot 0.} - o w z w b= ™ N -l
[ 4 = <« o o = & E [ Q (%} o
w w z = r 4 = Q
E|z & 8|8 5|& & w|8 5 |2 §f s

Error detected.

Initialize the DSD 480.

Extended address bits.

RX02 system identification bit.

Side select: =1 for side 93 =0 for side 1.
Density of the function encoded in FCN1-FCNZE.
Transfer requecst flag.

Allows DONE to interrupt.

Operation completed.

Drive unit select.

Function select: 000 fill buffer

001  empty buffer
01D write sector
011 read sector

100 set media density
191 read status
110 write deleted data sectaor
) 111 read error code ‘
Execute the function. :

13 14 13 12 11 19 9 8 7 6 3 4 3 2 1 (]
L L T T | S | T A T T
P -4 < >
-l [} w > - z [ 4 = o
. (<] (2] o < w [ 4 Q Q o«
> a (-] Q w -
-] g - S 4 : -l
-
= - [ =2 o o Q [~ [ Ll @ o
L 'Y A A A 2 I 1 ' 3

Non-existent memory error.

Word count over+tlow.

Indicates side selected during last cperation.
Indicates unit selected during last operation.
Drive ready —— disk installed and ready to gc.
Deleted data —- indicates deleted data address
mark was found on last operation.

Density of diskette.

Diskette density did not match DEN.

Fower failure in the controller/drive subsystem.
Initialize done.

Set for double sided diskette when readvy.
Cyclic redundancy error.

1z




The Interprocessor Link provides a means of transferring
data through DMA between two LSI 11/27 processors. This 1s the
device used by the DIAL DAS software to transfer a data record

from LSI #1 to LSI #2 to be processed and plotted.

WCNT @ 772410 word count
ADDR @ 772412 . bus address
5TATUS @ 772414 control /status
DATA 2 772416 data buffer
13 14 13 12 11'10r9 3'7'6 3'4'3 2'1'0
w x - a
[+ 3 h‘ggﬂl’- uoﬁzg
STATUS Sl £ E|Z ¢ 218 3 % sils s
@ 772414 &2 & £|& & E|8 & "R % 3|3 &8 8§
ERROR Set by NEX, ATTN from the other computer or by
bus address overflow.
MEX Mon—-existent memorvy.
ATTN Reads ATTN from the other computer.
MEAINT Maintenance.
IN IR Input interrupt request. Reads status of the OUT IR
from the other computer. o
IM DIR Input direction. HReads status of OUT DIR from the
other computer’
IN  HMODE Input mode. Feads status of OUT MOLDE from cother
computer. : '
CYCLE Initiates a DMA transfer when the generating DALIROI
1s both the requested computer and the tramsmitter.
When CYCLE and GO are both set, an immediate bDus
cycle is executed.
READY Must be cleared before a block transfer can be done.
IE Allows READY, IN IR or ERROR to cause interrupt.
XBA17,XBALS Extended memory bits.
ouT IR Causes IN IR and READY in the other computer.
ouT DIR During block transter: =0 for transmitter: = 1 for
receiver. Must be opposite of INM DIR.
GuT MODE Qutput mode: =0 for DMA; =1 for program mode.
GO Executes.

Two Cipher F880 tape drives are available for storage of
data. This allows for ceontinuous data acquisition when one drive
is rewinding. The two units are cabled together by a "daisy

chain" configuration and interfaced to the LSI 11723 through &



Dilog DR130 tape coupler. Tape density is determined by a button
on each Cipher unit and tape speed is software selectable. The
fast speed (100  1ips) or streamer mode requires a longer
repocsitioning 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 4096 word buffers and
10 Hz DIAL data, 11 or 12 records would get cstacked during
repositioning. The interface registers are ocutlined below.

MTS 8 772520 status
MTC @ 772522 command
MTERC @ 772524 bvte/record counter
MTCMA B/ 772952 current memory address
MTD g 772530 data buffer
MTRD @ 772532 - tape read lines
15 14 13 12 11 10 S5 8 7 6 5 4 3 2 S )
£ 3
8 w
MTS .a . & = o - 3 z v o
B 772520 = § ? §3§ 29 3.:,§ 512.2
ILL  COM Occurs 1+ (&) a new instruction ise issued before last
one has finished, b)) no write ring when told to write,
(c) a command to unit whose SELR is O, or <(d) SELRK
becomes O during tape operation.
EOF Set when end of file is detected during tape operation.
FAR ERR Farity error.
BGL Bus grant late. _
EQT End of tape marker detected.
RLE Fecord length error -— detected during read
operations if tape record is too long.
MNXM Mon-existent memory.
SELR Indicates unit addressed is on—line.
EOT ' RBeginning of tape.
7 CH - Set to indicate 7-channel tape unit.
SDWN Will accept new command during settle down as long
as it i in the same direction.
WRL Write lock set if no write ring is on tape.
FWS Fewind status set when rewind command given,
cleared at RBROT.-
TUR Tape unit ready is cleared by GO and function occurs.



15 14 13 12 11 18 9 8 7 6 35 4 3 2 1 0
« &
« 3 € > .~ ©

MTC g x & alg 2 I 3 2% %
@77252% r ., . a e 3|8 B 2|8 & &]a & 8
ERROR Set by bits 7-15 of the status register.
FWR CLR Clears the control unit and tape units.
STREAMER SBelects streamer mode. _
Us1,uUso Selects unit number for MTS operation.
READY Control unit ready.
1E Interrupt enable.
XBA17,XBAL6 Extended memory bits.
FCNZ~FCN1 Function bits (with GO set):

000 (1) Of+ line

01 () Read

010 (3) Write

011 (7) Write EOF

100 {11) Space Forward

101 (13) Space Reverse

110 (13) Write with Extended Interrecord Gap
. 111 (17} Fewind
GO When set, begins operation defined by function.
Transiac 2012 Interface (Kinetics Z2920-ZZF bus adaptor)

The Transiac 2012 digitizers are interfaced to the L5I 11/23
Finetics

through
fAfdaptor

board.

920 Crate Controller and
The interface is versatile in that any

Finetics

the Camac crate can be addressed by its slot number.

tion
that

here.

The

unit
func-
codes will be defined by the type of hardware being used in
slot.

Bus
in

Since this interface is presently being used only for
the Transiac digitizers, only those function codes will be listed

an additiaonal & registers addressed by offsets.

DLO
Lo
MAR
DMACSRK
DHI
LHI
WCR
EMA
NAF
CACSk

o i@

data low
lam low

memory address
DMA control/status

data high
lam high
word count

extended memory

{(RAZ =

{RAZ
({RAZ
{RAZ
(RAZ
(Ra2
(RAZ
(RAZ

station/function
control/status

et
r

i

o
0,
1,
1,
0,
i,

1,
1y

FAl
RAl
FAl
RAT
FAal
KA1
RAL
RAL

it

it

it

il

i

il

The interface has four directly addressable registers plus

i)
1)
1)
17
()]
13
)

13



Retlects status of Dataway inhibit line.

-

1.

13 14 13 12 11 18 9 8 7 6 S5 4 3 2 1 e
NHF i s 2ieE 2 R v Ml o« @
ASCAN Enables the crate controller to increment the
Camac address on completion of & Dataway Cycle.
SLOTO-SLOT4 Station or slot number of Camac device.
S5A0-5A3 Sub-address of Camac device (rnot used with Transiacs.)
FCNO-FCN4 Function code defined by user device.
Transiac Function Codes
0 QO000 Read front panel switch settings. Sets 0 = 1.
1 00001 Read status of overtemperature indicator.
2 OOG10 Read data sequentially from memory. The N+l word
(N = record length) will return @ = 0.
10 01000 Tests LAM and returns @ = 1 if ready for readout.
Must be preceded by funtion I2 (1101d).
11 Q1001 Fesets to sampling mode——all previous data is
written over. @ = 1 retwned.
12 01010 Clears LAM. & = 1 returned.
13 Dlotl Computer generated sampling clock. Sets @ = 1,
0 11000 Disables LAM and switches from readout mode to
display mode. Sets @ = 1.
31 11001 Generates stop trigger. GSets 0 = 1.
2 11010 Enables LAM -— enables unit for readout. GSete O =
33 11011 Enables offset measurement logic. Sets @ = 1.
15 14 13 12 11 10 9 8 7 6 3 4 3 2 I S
w = | £
CACSR == Nm o [T
-t -] - ] x ~ w [~}
@ 777556 19 & & A ¢l 8 w|EB B G|S a
g8 |la =z = L E & |lx o6 ~=|0w » o |x L@
ON-LINE (F) True when I920 is powered and on-line.
L=SUM (R) True 1f any LAM is set in crate {causes interrupt).
NO-Q (R/W) Updated by 3220 during every Dataway Cvycle.
NO-X (R/AW) Updated by 3720 during every Dataway Cvcle.
N>23 (R) During address scan operations, indicates the slot
number has been incremented past 23.
RAZ,RA1 (R/W) Used to select registers defined above.
DOME (R} True when 3920 has completed a progammed cantrol
operation {i.e. non-DMA).
IE (RAW) When set, allows L-SUM to cause interrupt.
SET Z (k) Dataway initialize.
SET C (W) Dataway clear {(does not affect registers).
SET INH (R/W) Sets state of Dataway inhibit line.
READ INH (R



GO ) Starts 920 operation defined in MNAF and DMACSE.
13 14 13 12 11r10 9 8 7 6 3 4'3 2’1'0
DMACSR z
@ 777350 & S ° -
RAZ = 1 1% E ¢ £ E£E|% @ o o 3
w = - - I~ o < < = = (2]

FAl = 1 -1 L 4 - L L A 4 4 1
ERROR (R) Set by NXM, NO-X, MNr23Z, or TMO: clearéd by INIT
MXPM (RD .DMA transfer to non—-existent memory attempted.
MO (R Time-out condition during G-Repeat DFA mode (mode 3)
16724 (R/W) Specifies 16 or 24 bit data transfers {(16-bit = 1).
DF& DOME (R Set when DMA operation is done.
pMea IE (R/W) Enables DMA DONE to interrupt.
AL7.816 (R/7WD Extended memory bits used with MAR during DA,
MZ, M1 (R/7W) Specity mode when GO of CACSR is set.

mode programmed transfer

made 1 O—-stop/stop on word count

mode 2 address scan

mode 3 O-repeat/stop on word count
SUs (R/AW Set ta suspend DMA operation.
Farallel Line Interface Module (DRVY11-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
camputer, There are three spare DRV1ILI-C modules in LS #2 which
are not being used.

DRSF & 7&7770 control /status
DRO @ 767772 output buffer
DRI g 767774 input bufter

13 14 13 12 11 10'9 8'7'8 5'4'3 2'1'8

= <€ -
DRSH s o]« «
& 767770 @ L L R ,5,3
REG E Set by user device and causes interrupt 1if E =et
REQ A Set by user device and causes interrupt if [EA set.
IER Interrupt enable for REQ E.
IEA Interrupt enable for REO A.
C8R1 User defined function —-— if linked to another

DRV11-C causes RER H.

CSRO User defined function —-- if linked to another

DRV11~-C causes RER

o E0.



Bixteen Analog-to Digital Conversion single ended inputs
{or eight differential) are available to the DIAL DAS through an
ADV1IL1I-C  board. Uripolar inputs can range from OV to 10V  and
bipolar inputs From -10V to +10V and can be stored with
programmable gains of 1, 2, 4, or B times the input voltage.

ADST i@ 770400 - control/status
ADRBF @ 770402 data buffer
13 14 13 12 112 19 9 8 ? 6 3 4 3 2 1 8
™ N ¥ T '2' 'ET ! v

w [~ [ 4
ADST g|° m oo 2l 2 |, - oLle
@77oac0 |18 0 8 2 2|8 % w|E F E|E s
ERROR Caused by doing a GO when A/D DOME is set or A/D

still in progress.
ERR IE Allows ERROR to imterrupt.
ADDE~-ADD0 Channel address.
~A/70 DONE Set when A/D done, cleared by reading A/D data buffer.
Ie : Interrupt enable.
RTC Enables real-time-clock input to start &4/0 conversion.
EXT TRIG When set allows external trigger to start &/D.
G51-G80 Gain select: O0=1, 0Il=2, 10=4, 11=8,
G0 Starts an"A/D conversion -- cleared after starting.

The LF11 provides the interface between the LSBI  11/23

computers and the TRILOG T100 printer. ach computer has its ocwn
interface board and care must be taken to cable up the desired
computer to the Trileog. Eventually, we hope to have either a
software instruction or a manual switch to select which

computer’s output to send to the Trilog..

LFS @ 777314 status
LFR @ 77751646 data buffer
15 14 13 12 11 48 9 B8 7 6 S 4 3 2 1 @
L] Ll I L Le L L) ¥ L LB
LLFS

1E

ERROR
READY

18



The Flessey FM-DLY11J is a 4-channel asynchronous serial
line interface between the LS5I 11/2% bus and <tandard 170

devices, On LSI #1 one port is used to communicate with the
teletype and another port is used to communicate with a second
FH-DLVILT  interface on LSBT #2. Baud rates on both boards have

been wire—-wrapped for 9600 baud.

From LSI #1 port #1 to LSI #2 port #4:

RCSR ] 7765HH receiver control /status {oort 13
RERUF B 776502 receiver buffer (iport 17
LC5R @ 776504 transmitter control/status (gport 1)
XBUF @ 776306 transmitter buffer {port 13
From LSI #1 to console device:
RCSR @ 777560 receiver control /etatus {oort 4
REUF @ 777562 receiver buffer {port 43
XCBR @ 777364 transmitter control/status {port 40
XRUF @ 777366 Tranemitter buffer iport 43
13 14 13 12 11 19 9 8 7 6 3 4 3 2 1 9
Ll T L LS LB ¥ L] T L) Ll
ROSR
@ 77ES00 ¢
o we e - g “w
g 777 I60 b =
1 1 AL . - L 1 'l A 1 'l
GORE Set when entire word has been received and is
ready for transmission.
TE When set, allows DOME to cause interrupt.
13 14 413 12 11 19 9 8 14 6 3 4 3 2 1 (]
T L L v T L] L L] L) L4
z
S «
RRUF . 2 ., &
g 776002 o ln e« MmMla =« o
g 777562 | B |8 & & E 2| F OE[E E &
= S e P
w [~ N . N [N N " X (-3 . (-1 (-3 X o gO (=3 . o N [~
ERROR Set by bits 14,13, or 12.
OVER RUN Set when previouws character was not completely rea
prior to receiving a new charac ter
FRAME Set when no valid stop bit for characher.
FAR ERR Farity error.

DAT7-DATO Received data bits.

a.



15 14 13 12 41 18 9 8 7 6 S ¢ 3 2 1 @
XCSk % x
— = g -]
@ 776504 g w x
@ 777564 S — S - e S
READY Set when XBUF is ready ta.receive ancther character,
IE Enables READY to cause interrupt.
EREAE When set, causes a continuous space level to be
transmitted. :
135 14 13 12 11 e S5 8 7 6 3 4 3 2 1 @
ABUF
@ 776506 E 2|2 X 2o 2 2
@ 777566 & 5|8 & §|5 8 &
DAT7-DATO Transmitter data bits.
Timing Control Unit (TCU-50 and TCU-5O DYR)

These two timing control units are similar in that they are
both crystal clocks that continue to cperate even after the
computer has been powered down. The TCU-50 has month, day, hours,
minutes and seconds while the TCU-50 DYR alsoc has vear, 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-30 DYR
is used in LSI #1 while the TCU-50 resides in LSI #72 but i= not
currently being used by the DIAL DAS -- it is maintained for
back-—up purposes.

TCU-S0:

| 13 14 13 12 11 1@ 9 8 7 6 5 4 3 2 1 ®

MNTH/ DAY E £ EI|E
@ 760770 8 & 8|8 € l Tl % LE
13 14 33 12 11 10 9 8 7 6 3 4 3 2 1 o
HR/MIN w oW owlw wow
@ 760772 x § x « | 2 £ 2|2 2 2
. 8|2 &8 2|8 £ £ |2 E £




SECHD
@ 760774

STATUS
8 760776

M/D SET
H/M SET
READY

TCU-Z0 DYR:

. DATA

@ 7&H&0770

 DAT7-DATO

CTRL

g 7HO772

IE
WRT

CLE/RAM

RSF-RSO

15 14 13 12 11 19 9 8 7 6 3 4 3 2 1 9

L 4 T - L) T L] LE L R § 1§ v

-] e [-} o o o

= z z z z z

8 o a@}lag a o

o (%3 Q o (] (33

w w w w '] w

“ “ [ 2] [Z] [} (%]

A A A L b U L ] A ) i

13 14 13 412 11 19 9 8 ? (] 3 4 3 2 1 9

| Ll L LJ L LJ L L LS L 4
u|=

» » >

e

B ]

r = 'l A i L A - il 2 A IS L
Month/day being set —-— fast clock on.
Hour/minute being set —-— fast clock on when 1.
TCU readvy. -

13 314 413 12 11 18 9 8 7 6 3 4 3 2 Y L

L] L R L} L] Ll L R4 L L
~ ©ilnm ¢« mle » e
€ T |% & €l € =

: a oale & ale a a
g )i A 1 A ' ' 1 1 L

Fead/write data bits.

When reading a counter or

latch register, the bits are Z BCD numbers packed in
8 binary bits (eg. 27 = GOG10011 = Q001 2011 = 137,
1514131211(.907634321.
. ,
g .
<
v|§ 3 8|8 E 2[8 & B8 & &
) S L L | S S 1 e ed
Interrupt enable if switch SWI-1 is on.
Write enable —-— allows writing to the clock or
FAM registers.
If this bit is ©, then bits 0-4 select one of the
22 clock registers. If 1, then bitse 0~ celect

one of the 1024 CMOS RAM registers.
Register select:

00001
Q0010
00011
00100
Q0101
DOL110
Q0111

counter
counter
counter
counter
counter
counter
counter
counter

01 secs

<1 and .01 secs
sSecs

mins

hours

day of week

day of month
month

ORIGINAL PagE |g
OF POOR QUALITY



01000 latch - 001 secs

01001 latch - .1 and .01 decs
01010 latch - secs

01011 latch - mins

011040 latch - hours

01101 latch - day of week

01110 latch - day of month

01111 latch ~ months

10000 interrupt status register (F)
10001 interrupt control register (W)
10100 status bit

10101 60 command

10116 standby i1nterrupt

The Matrox ORGE-GRAFH controller is a color graphics
interface +for use with RGE monitors. - Contained in a FROM is a
color look—-up table which has been modified by Morman McCrae 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 1% x 512 pixels available but due
to some +law in the design of the Matrox beoard the software
only uses 256 pixels in the Y direction. There are 11 directly
accessed registers plus 14 CRTC registers that are indirectly
accessed through an address register (VECT) and data paort (CRTHE).
The CRTC registers will not be discussed here —— they are uwsed
only for initialization procedures and their use can be found in
the Matrox manual. Not a&ll mnemonics for the directly accessible
registers will be defined in this report as they are not used in
the DIAL DAS software.

IREG @ 744400 X coordinate (10 bits)
YREG @ 75440% Y coordinate (10 bits)
DaTs | g 7654404 data register 4 bits)
5Tl {(F) @ 764406 preset memory status
CTR1I (W) @ 764404 zoom/pan control
ALF (R B 764410 auxiliary light pen register
CTRZ (W) & 7564410 color map select
CTR4 @ 764412 write plane enable
ST2 R) @ 7464414 vertical blanking status
VECT (W) & 74684414 . ERTC address/vector register
CTRS @ 764416 CRTC data register/preset control
15 14 413 12 11'103 8 7'6 5'413 2'1'.
8T1 2
@ 744406
-
bt q 1 b SR | | A A 2 5y
FREM FLLG I+ 1, memory is being preset or frame grab in progress.

kel



CRT1
® 764406

¥Z00M1-YZOOMO
XZ00MZ2-XZ00MoD

XFANZ-XFAND
AL THAF
BLINKEN

FGC

DMA

IRBUEN

vYDO ERUS
CLIFEN
WRCFL

VECT
B 7564414

WRT

AUTO

DEC
DEC
ING
INC :
CRTC7-CRTCO

-t

CRTS
B 764416

FRESET

FGS

43 14 43 312 21 10 9 0‘7" 3'0 3 2 t S )
¥ v z "
:l= £ =z @ 2|2 ¢ £ 12 & 2
Ele 8 2|18 £ £1%5 £ Slg s 2l 5 ¢
E EIEIE §.§.§ §l-¢‘n= ‘na = > oL:

Y-zoom: OO =1, 01 =2, 10 = 4
X—zoom: 111 =1, 110 = 2, 101 = 3, 100 = 4,
011 = 5, 010 = &, 001 = 7, OO0 = 8
Horizontal display pan delavy.
Selects A or B color-look-up table.
When set, blinks display.
Continuous frame grab (not used).
When 1, the display memory can be accessed by DMA.
Interrupt enable.
Video bus enable when 0.
Clipping enabled when 1.
Data at X,Y is complemented when 1.
1% 46 13 12 !;1 1..907" 5'4331'.
LJ "u
s « »lx ~ 2" ¢e Ml « e
B o vo]lo o v]e o o
- " - - -
E|% 8 E|2 ¥ B|E K Z|§ 85 8
When O, data in DATA is automatically written to

X, ¥ when VECT is loaded.

When 1, auto-—decrement of Y is in effect.

When 1, auto—-decrement of X is in effect.

When 1, auto—-increment of Y is in effect.

When 1, auto—-increment of X is in effect.

Address of CRTC register (used only at start-up).
13 14 13 12 11 19 9 8 ? 6 3 4 3 2 1 []

R LB ¥ L L L] L]

-
2 als & 2l ¢ g 2 ¢
v 8 2142 © ]l © S| & €
[ % (™S . N 1° alalo OLO o o o‘a

When 1, the part of display memory appearing on the

screen is preset to the value in DATA.
Frame grab control.

e



DIAL DAS SOFTWARE

The DIAL DAS Operating System (05) software consists of two

programs which run simultaneocusly on the two L5I computers. The
program on LSI #1 is called "MASTER" and is dedicated to data
transfer and storage. The L51 #2 program is called "SLAVE" and
is responsible for data analysis and display. The user commuri—
cates with both programs through LSI #1 which passes data buffers
and display optionse to L5I #2 as necessarv. Durinmg real—-time

experimental s=ituations, the MASTER program gathers digitized
lazser signals from the Transiac 20127<=. It also gathers laser
energies through a DRV1I1-C interface, temperatures and pressure
altitude through a second DRV11I-C interface, time of day from the
TCU-50 DYR, and position information from the Loran or INS
navigation devices through a third DRV11-C. Data acquisition is
interrupt driven by the lLase Coherent Trigger into the Transiacs.
After the data is packed into one continucous buffer, the record
is written to magnetic tape. I+ LLS1 #2 has finished processing
the previous laser shot, the new data buffer is transferred to
L5I #Z2 Ffrom LSI #1 through a DMA interprocessor link. The
display rate in real-time depends on the amount of data to be
plotted and on the complexity of the data’ analysis to be
performed. For example, at 9 Hz laser firing, 2048 words of raw
data from one unit (no analysis) will be viewed every third shot.
Feal—-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
flight path decisions during flight operations.

Data transfer operations. from the digitizing unite are
readily accomplished within the minimum 100 ms operation time
ernvelope between laser firings. The lase—coherent time base i1s
designed to key the digitizers to sample for B83.9 usecs g = IRAS
worde) then to go into a "sleep” mode until just prior to  the
second lase at which time it restarts the sampling (ref. I0.
This avoids the necessity of digitizing long records to acquire
the on-line return followed by the off-line return Z50 usecs

later. 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 40%946 words.
The combined data stored from all the digitizers in use plus the
shot header information must not exceed 4096 words.

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

tvype "R LEI2" to access LSI #Z. Thereafter, each character is
sernt through the serial line interface to LSI #2Z. To exit, hit
the "BREAK" key —- this retuwrns the user to 0DT {(on line debug-

technigque) on L5I #1.

To run the MASTER and SLAVE programs, LSI #2 must start out
in {QODT. This allows program MASTER to boot LSI #Z and run
program SLAVE. The proceduwre to start up the HASTER/SLAVE

PRECEDING PAGE BLANK HOT &t
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progréms is outlined beloh;< System diskettes with the RTI11
monitor on  them have blue labels. The diskettes with the
programs "MASTER" and "SLAVE" have vellow labels.

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

2. Flace MASTER (yellow) in drive 1 of LSI #1 and SLAVE
(yellow) in drive 1 of LSI #Z.

I Boot LSI #1 by typing: 17320006

4. Fun program MASTER by typing: RUN MASTER

S MASTER will load anmd in twn call SLAVE. LSI #Z is ready

when "MATROX" is visible on the video displavy. L8I #1 1is
ready when the default banner record is printed out on the
console displav.

6. You are now under the DIAL DAS O5. Anvthing vou type 1n
from row on will be interpreted by program MASTER. To
return  to the monitor use the instruction EILL. Ta return
to ODT hit the BREAEK key.

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

whole line hit the DEL key.
3. Valid instructions are listed in the section '"Kevboard
Commands".

P I+ 18T #1 bombs, halt both computers and start back at step 4.

1. I+ L8 #2 bombs to ODT {(indicated by "@"), then type BOOT.
I+ LSI #2 bombs to Monitor (indicated by RT-11 error mes-
sage), type GLAVE.

I the display on L5I #2 stops updating., use the SYHC
command .

The wuser now has the capability to fully control data
huffering and recording, as well as many other aspects of data
analysis and displavy. A sample user dialogue is given at the end
of the section "Eeyboard Commands®. Comments are made onn  =ach
line to describe what the user is doing (those preceded by two
hyphens) or  what action the computer is taking (comments in

i
parentheses) . Commands marked "-—%" have arguments which ar
already program defaults so they did not need to be entered.
They are included to demonstrate the use of these commands.

Data acquisition is controlled by hardware switches on  the
digitizing units and by kevboard commands. On the Transiac 2012
a knob setting selects the number of pre-trigger camples in
increments of 1/8 of the total record {(a selected record length

of 2048 words would have pre—trigger increments of 2560, A
certain number of pre-trigger samples are decsirable {about 10 to
20) to provide a good window for the trigger marker but certainly

not all 25565 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 som time after that uwunit was
triggered. The data campled during the on-—-line laser firing must
be read by the program, but only the data from the second return
need be saved. The instruction " STORE U1l,UZ,U%,U4" determines
the starting word for each unit at which data is to be saved.
For those units storing two returns {(both online and offline),
the first retwn is saved starting at Ui and the second return

-
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is saved starting at Ui + éZ?;. i o= 1, 2, %, OFR 4. The number of
worde saved for each unit is determined by the instruction
"POINTS Ui.,U2,U3,U4". Al example of data acquicsition will be
given at the end of the section "Keyboard Commands”.
Real-Time Datas Display

A1l data processing and display to the video screen are
performed by the S5LAVE program on LSI #Z. LSI #1 is reserved for
data transfer from the digitizers, for magnetic tape operations,

and for console keyboard communications. However. on reqguest,
LSI #1 will produce real-time color representation of range
resolved profiles on the Act II printer. On LSI #2, fouwr basic

modes for DIAL data display are available, each with a varisty of
display options. At the same time several other pieces of
information can be shown on the right hand side of the sodresn.
Altitude, temperature data and lacser energies from the DRVY1II-C
interfaces can be viewed. Certain hook-up conventions must be
observed for the DRV1II-C imnput in order to get detault
conversion constants and labeling to correspond:

DRV11-C Chapnel (850) Input Label Units
1 aircraft altitude ALT i
2 dewpoint temperature DFT C
! temperature T i
4 total temperature TT C

DRV11-C Channgl  (B60)
1 online WY laser enerqgy LIV .3
2 offline WY " " UVF J
2 online IR " " IRN MJ
4 , offline IR ° " " IRF J
S visibile " " VIS MJ
é spare " " —— 1J

The DIAL DAS command language allows the user to  input  a
slope and intercept to the banner record for each DRV1IL1I-O charmnel
to convert the digitized counts to the uwunits shown above.
Conversion constants must be input as integers. So each sl ope
and intercept 1is represented by an integer mantissa and
corresponding  exponent of 13, These four words per conversion
channel are stored in the banner record. The user alsoc has
options to update the plot side of the screen (left) by i1tself,
update the right side by itself, or both sides at the same time
(UFRDATE command) .

The different display options are summarized bDelow. Eac
dieplay mode has*a number of default options associated with it.
These are summarized in table &. The default wvalues can be

changed by various kevboard commands. Display options are availl-
able for background subtraction, range—-square correction, Qver -
laying data of different digitizers, scale and more. Each display
pption can be activated or de—-activated in real-time to observe
signal featwes in the most usetful format.



Faw Data (MODE1)

This is the basic display mode which presents raw data from
each of the digitizing unite as it exists in computer memory

(figure 4. The abscissa represents word sequence 1in  memory
while the ordinate is adjusted to present the 12Z-bit signal
magnitude with wvariable magnification. The one word instruction

"MODEL" calls up all the options listed as defaulte in table .

Table 5. Default plotting parameters.

F&RAMETER MODE 1 MODEZ 0OZONE GRYSCL

unit select all all UNMITI UNITZ
y—axis scale 0-4096 0-409646 0O—-800 120m/tic
x—axis scale all data 1530m/tic SOm/tic ———
background word 400 4010 430 0
background window 260 0 =0 5
trigger search no ves YES veEs
smooth no 210m 210m no
average shots no rno 100 re
range cell - ——- 210m e
gas exponent § - -1 ———
atmospheric correction —-— ves ———
Favleigh correction -——= —-b.7 ppb e
shift toa —— no no ——
update right screen ves no : neo ’ o

Online/0ffline Qverlay (MODEZ)

A second display mode presents the raw data signals in an
overlapped format. As shown in figure S, the online and offline
Uv signals are overlayed when the data is tagged as a DIAL  type
measurement. The top - 2 profiles in figure 5 represent aerosol
returns {(single wavelength measurements) at &600nm and 10&680nm. By
default, each of these returns have been smoothed over 210m and
plotted as & function of range ., each tic mark representing
1 usec. Each data shot is plotted in this mode starting after
the FMT gate delay. In this mode a search is also performed for
a trigger position to line up each of the returns with respect to
the laser +firings. This +trigger position word nunber is
displayed on the right hand side of the screen. The user
specifies the trigger ordinate level to be used for e=ach
digitizer unit along with the number of words it is nominally
delaved. The lase—cocherent trigger markers are electronically
delayed 14 words from the actual laser firing but a breakthrough
pulse occcurs 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 UNITI 1in
figure o (MODEZ).

.3
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Concentration Profiles (OZONE and WATER)

This display mode presents the gas concentration mixing
ratios as a function of altitude or range calculated from the
DIAL <=ignal pair {(figuwe 7). For each DIAL return, the back-
ground <csignal level 1is integrated over a gspecified interval.
The starting point of this integration is selected by the command
"BGWORD" and the number of words to average over is specified by
"BEGWINMND". This average background is subtracted from the return
gignal, and the resulting data is then smoothed with a running
mean over the specified range interval (see "SMOOTH";. This
emoothing technique does not introduce errors only Ffor those
atmospheric conditions where the aercsol scattering is not

changing rapidly along the DIAL measurement path. The DIiAL
equation (retf. 1) is evaluated using the smoothed lidar retwns
over a specified range cell size, usually 210 m. Torne  mixing

ratios are determined by dividing each range cell concentration
by the corresponding standard  atmospheric number density at that

altitude. ] correction factor specified by "RA&AYCOR" is
subtracted from the ozone mixing ratioc to compensate for Raleigh
extinction differences between the on and off lines. Water wvapor

mixing 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
pressuwre dependence correction can be activated, however, by the
instruction "ATHMCOR". Each DIAL signal pair produces a mixing
ratio profile. Ay number of DIAL measurements can be averaged
together to improve the profile statistics at the expense of
increased horizontal integratioh for the measurement. The

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

There is also an alternative concentration display mode that
has been added this year (OZ0NEZ). This routine sums up a&ll the
on—-line returns and all the off-line returns prior to pﬁrfmrming'
any calculations. The speed in obtaining an averaged profile is
twice as fast, however, nmo statisitocs can be calculated wsing
this method and there is no update on the CRT until the average
is caonplete. :

Gray-Scale Display (GRYSCL)

A 16 level gray scale display format is  available for
presentation of the spatial distribution of aerosal scattering
{(figure 8). In processing the aerosol lidar return, the
background signal level ie csubtracted from the lidar—plus-—-
packground signal and the geometrical range sguared lidar signal
dependence 1s eliminated. The resulting lidar backscatter
profile is indicative of the distribution of aerocsecls along the
lidar line—-of-sight. The vertical resolution of the aeroscl data
is 15 m. The mominal horizontal resclution is 10 m for aircraft
operation at a 10 H: repetition rate. The backscatter <signal
level  is converted into a 1& level gray scale disgsplay line where
stronger scattering is indicated by higher brightness on the

ey
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monitor or a darker dot pattern on the printed version of the
display. 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
200 individual or integrated aerosol profiles. At a laser pulse
repetition rate of 1 or 10 Hz, the 3200 individual profiles
correspond to a nominal horizontal traverse of 20 or 3 km,
respectivel v, This horizontal scale assumes a nominal ground
speed of 100 m/sec for the Electra aircraft. The gray scale
format shows the terrain profile, and it clearly identifies the
distribution of aerosols in the boundary laver and the free
troposphere.

This option reprecsents the same tvpe of display as described
for "GRYSCL": however, it is donme in color on the ACT Il printer.
Whern this option is activated, the current banner record and
ACTOM plotting parameters are printed followed by a 29 =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
o the high end. The user specifies a minimun value below which
all data will appear as white ("WHITE") and a maximum value above
which all data will appear as black ("BLACK"). Data shots mayvy be

averaged {up to 13 shots) or plotted individually. During real-
time operations the computer can plot about orne profile a second
telither averaged or individual). Time, latitude arnd longitude
are printed at each minute marker (figuwe 9). The hard copy
continues until twned off with the instruction "ACTOFFY  orF
whenever any of the ACTON plotting parameters are changed. The
user must re—-start the "ACTON" after changing plotting
parameters. This &llows the new plotting parameters to be

printed so that an updated record is always available.

Magnetic Tape Storage and Format

The DIAL data is stored in real-time using one of two Cipher
tape drives. This allows for constant recording of data while
one uwnhit is rewinding. The data is recorded at 100 ipes in
"etreamer" mode. Streamer meode is the only method we found to
record the 4K blocks of DIAL data at 10 Hz operation. The

disadvantage of streamer mode is that if the tape unit does not
get a new instruction within a small pericd of time it requires a

long repositioning time. The DIAL DAS software was written so
that each data transfer from the digitizers 1& stored in a
consecutive block of extended memory —-— up to 27 blocks are
available. Once  transfer to the top block (@ 740000 i1is  done
data transfer continues to the bottom block (@ F00go) ., when
a reguest is made to commence recording data, the first available
block is transferred to tape as scon as  the tape has
repositioned. During repositioning time other data blocks will be
stored in memory and these are queuwed as they come alang.‘ s

zoon as the tape is again ready it is given the next gueuwed block

=z PRECEDING PAGE BLANY NOT FILMED
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to record. This procedure produces a streaming operation with
mimimal need to reposition. Tests show that 4k biocks are
written to tape at 10 Hz with upto 10 blocks getting gueued, at 5
Hz S blocks get gueued and at 1 Hz no blocks get queued.

Data is written using 1600 bpi FE magnetic tape format on

2400—+t reels of .5 in wide magnetic tape. Each data storage
file begins with a 256 word banner record (16 bits per word) with
Dial DAS  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).
Each data record begins with a shot header of information

required on a shot-by-shot basis. Thie includes time, shot
number, latitude, longitude, altitude, temperature data, and
laser energies. The number of worde in the header is currently
30 but this number cam be changed with the instruction "HOIRFTSY.
Table 7 shows the structure of a typical data record. At the end
of the tape or at the end of the information stored on that tape
there are 2 file marks (EOF) to dencte end of information.

While recording data, if one tape drive reaches an end 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 the alternate tape drive. '

This section provides intormation necescsary to decode and
convert various informatiorn in the bannmer {(IRAN) and shot header
(IRUF) . ‘ :

DATE ' o ’ TEAN (5)

hits: 14 10 9 5S4 0
month day vear ibinaryl
To get the actual year, add 1972 to the value in bites 4-0.

TRIGGER MAREERS » TRAN CEZ) —TRAN (407
The two high order bits indicate the logical operator: less than
is signified by a value of 1i equal to by a value of 2, ands
greater than by a value of 2. The lower 14 hits indicate the
magnitude of the comparison to be made.

GAS SRECIES ITBAN (45 —TRARN (48)

Radix-53 values are stored, up to three charcters per word, by
packing them into single numeric values according to the formula:

({1 * 30 + 33 # 30 + k)

3
where "i", "j", and "k" represent the octal code values:
]

e
z 1-32
9 n6-47



Banner record word acssigrnments {dimensioned 254).

Word Description

1 banner record format

2 tape #

R file #

4 # words in shot header

S date

& plane altitude (feet)

7 up/down mode (O=downi 1l=up)

8 sampling frequency (FMHz)

g laser fire word #

13 laser rep rate (Hz)

11 absorption coefficient (mantissa)

12 absorption coefficient (exponent)

13-16 spares

7 words/return unit 1

18 words/return unit 2

19 words/return unit =

20 words/return unit 4

21 # returns unit 1

22 # returns unit 2

27 # returns unit 3

24 # retuwrns unit 4

25 starting storage word unit 1

26 starting storage word unit 2

27 starting storage word unit =

5 starting storage word unit 4
baseline unit 1
baseline unit 2
baseline unit =
baseline unit 4 :
direction and magnitude of trigger marker unit 1
direction and magnitude of trigger marker unit 2
direction and magnitude of trigger marker unit 3
direction and magnitude of trigger marker unit 4
post—-trigger delay {usecs) unit 1
post—trigger delay (usecs) unit 2
peost—-trigger delay (usecs) unit 3
post—-trigger delay (usecs) umit 4
species identifier (RADIO) unit 1

44 species identifier {(RADSO) unit 2

47 species identifier (RADIO) unit =

48 cpecies identifier (RADS0) umit 4

49 trigger marker delay (words) unit 1

50 trigger marker delay (words) unit 2

a1 trigger marker delay (words) unit =

a2 trigger marker delay (words) umit 4

o53—-44 spares

a63—-104 ALT and TEMF calibration constants for channels 1-10
4 words per channel {slope mantissa, slope exponent,
intercept mantissa, intercept exponent)

105-144 Energy monitor calibration constants for channels 1-46

4 words per channel (same as ADV11I-C constants above)

rlak o)
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Table 7. Data record structure for shot buffers.

Word # Description
1 shot number
2 # shots in buffer
-4 time of dav
5-b - unused
7 latitude (low order)
=} latitude {(high order)
Q longitude (low order)
10 longitude {high order?
11 pressure altitude
12 dew point temperature
13 temperature
14 total temperature
15-20 \ spare DRV11-C channels
2] online UV energy
22 offline UY energy
23 online IR energy
24 offline IR energy
2% visible energy
RH-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 whose values were defdined

in table & (IBAN) determines the storage of datal

if L=IEAN{4) ,MI1=TRAN{L7)} M2=TRANM(18) ,ME=TRAN (17) , Md== T EaN {20)
Nl=IBéN(El),N2=IEQNiEE)gN3=IBAH(E3}ﬁN4=IEﬁHiE43
then the data is located in the buffer as follows

start waord # end word # contents
1 L _ shot header
L+1 L+M1#NL = K1 Unit 1 data
K1+1 K1+MZ#N2 = K2 Unit 2 data
K2+1 H2+4MI#NT = K3 Unit 3 datas
ST+ FI+MA N4 Unit 4 data



TEMF and ALT TBAM (LS ~IRAN (104

TBUF (113 —IBUF {(Z0)

The banner record contains the conversion constants for the
DREV11-C channels which are read in on a shot by shot basis and
stored in the shot header.

counts = IRUF(10+ICH), where ICH = channel #
volts = counts # {(10v/40%95 counts)
and conversion to desired units is accomplished by:

volts*IBAN(LS+I4) #10#* IBAN{(S6+14) +IRAN(S7+I14 # 1 Ous TRAN (A8+14)
where I4 is 4 # {(channel # -1).

EMERGY HMOMITOR DATA IBAMILIOS) —TEARN(144)
IBUF (Z21) - TRUF (Z0)

s in the preceding data, the conversion constants are stored in
the banner record and the laser energies are stored on a shot by
ghot bDasis 1n the shot header. The values in the header are
27s complement binary counts which have been calibrated to read
in millivolts. To convert to millijoules:

TBUF(1S+ICH) #{IRAN(1OS+I14) ## IRAN (1 06+T14) ) +TRANTIO7+14) # 1 0% T RBANM (1 08+1 47

where ICH is the channel and ICH = 4 % (channel # —-1J.
MAVIGATION DATA IBUF (7Y = IRUF (100
Latitude and longitude are each 2 1lé-bit word integers coded in
RCD. Bitse 7-0 of the low order word are labesls (latitude 1abel
i hex ie 10 and longitude is J07. The information 13
gtored in bBits 15-8 of the low order word and bits 130 of

high order word with 1 min resolution. Bits 14 anmnd 135 «

high arder word designate east, west, north or soutihh .
Some examples)

IRUF (8) TEUF (7))
MN8125.8 Q000 1000 D001 D010 O101 1000 GOO1 Q000

IRUF (1) IRUF (93
Wiad3I7.8 1101 21190 O1190 o011 0111 1000 1001 Go0D

EO7654.1 0000 2111 0110




- KEYROARD COMMANDS

Aftter the start-up procedure cutlined above. all further
keyboard input is interpreted by the program MASTER. A complete
set of legal commands are listed on the following pages. =]
single character of operator input can be erased by means of the
BACESFACE () kevy. An entire line can be erased using the DEL
bey., The DIAL DAS 0S5 is brought on—line with predefined option
defaults. Data transter from the digitizers can be initiated
immediately 1f these defaults are suitable by means of the START
commanrd. Once START has been entered the program is interrupt-—
driven by the digitizers and certain parameters should 1ot be
charged. Commands that change these parameters are listed in ths
section "Stop Mode Commands" and can be used only after STOF  has
been entered. Also included in the "Stop Mode Commands"  are
those commands which deal with the interaction of the two LSITs.
These commands can only be issued in stop mode to prevent  the
computers from getting out of svync. Error mescsages are detailled
in Appendix III.

In the following list of commands, the variables Ui, U2, U3,
and U4 are used to refer to input parametere for digitizer units

#1, #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 nmnumbers of each wunit in the sequence
in which they are to be read.

Commands  which have been changed or added since last vear s
report are denoted by an asterishk. The two new commands LOLEGS
and HILEG are used to call up a number of data acquisition and
plotting defaults typically used during 1low altitude passes and
high altitude passes, respectively. On & low pase only the up-—
looking laser is transmitted and therefore all other digitizers
are "turned off". Additionally, the default is changed to the
asrosol plotting routine for the ACT II to plot  the uwup-looking

channel. During the high altitude passes all four digitizers
turned back on and the down-locking IR is plotted om the ACT I1.
These commands were added as a simple means to switch bhack and
forth between various defaults during high and low passes.

1
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1. Digitizer Storage Commands:

FOINTS Ui,U2,Uz,u4 # points/return for esach unit
FETRNS Ui, UZ2,UZ,U4 # retwns for each unit '
STORE Ui, U2, U3, u4g store from this word for each unit
CAMACS I.Jd;K,L station # +tor Transiacs to be used
* DATAVG UL, U2,UZ, U4 # shots to sum before storage
# LOLEG calls for a number of defaulits used
‘ during low altitude passes '
* HILEG calls up a number of defaults used
during high altitude passes



Z. Pléy—BacH Commands:

FLOT I ‘"plot I shots from tape
if I=-1 plot from memory
ARCHIV This command causes successive profiles
being plotted on the ACT II to also be
° written to tape on Cipher #Z. Another

program can then be used to quickly make
additional copies.

I LSI #2 Frogram Corntrol Commands:

BOOT boot LSI #2Z then rum program S5LAVE
SLAVE 4 run program SLAVE on LSI ¥

1. Frogram Control Commands:

START start data transter from digitizers
STOF stop data transfer
RESTRT - clears interrupts and issues a macro

RESET. command which returns all units
to their status at power—up tims

SYRMNC synchronize the two computers -—-—used
. when monitor display fails to uwpdate
FILL kill program MASTER and retuwrn ta Foniltor
SHTSET reset shot counter to zera
LSTRMR print cut current barmner record
LSTFLT print out cuwrent plotting options
COFY I copy CRT to Trilog isizes: I=1-4}
FRINT plot buffer is printed out on Trilag
LIST I,4d print data buffer from word I to Jd

if I40 print buffer in memory
it 130 read buffer from tape

2. Banner Record Input:

FORMAT I format # (=2 presently:’

TAFE I tape #

FILE I file #

HDRFTS I reserve I worde in shot header

UFDOWN I I=0 down-lockings: I=1 up-locoking

FULFRE I pulse repetition fregquency {Hzj

SAMFRE T sampling rate {(MHzj

HEIGHT I plane altitude {(ft)

FRETRG 1 # words stored before trigger marker

ABSCOF  I,.4d absorption coefficient I#10%#%J {(atm-cm)-—1

TODLY Ui, u2,uz,ua # words offeet between marker and
actual laser firing :

DELAY 1, U2, Uz, ud usecs after trigger to start of return

GABES Ui, uz,uz, u4 I-letter gas identifier (RER,QZ,HIO)

BASLIN  Ul,U2,UZ, U4 base line for returns



Ib.

4.

pos

TRGLEY

all,bUZ, cUZ, dusd

trigger marker level where c,d
can be or < oor *

P

Calibration Constants For Met Data:

~DCH1
ADCHZ2
ADCHE
ADCH4

altitude
dewpoint
" FRET temp
" total tem

I,J. K, L

{I#10%%J) and

slope intercept (K#l0xzL)

p n

Conversion Constants For Laser Energy Data:

EMCH1
EMCHZ
EMCHT
EMCH4
EMCHS
EMCH6

Magnetic

CIFHER
RECORD
BANMER
ERNDFIL
REWIND
SEFEQT
FNDF IL
SKFFIL
BAKFIL
SEFREC
EAKREC

Flotting

FLTMOD
MODE1
MODEZ
OZ0ONE
QZONEZ2
WATER
FLTGRY
GRYSCL
UNITI1
UNTTZ2
UNMITE
LNIT4
OMNL INE
OFFLINE
BOTH
RETURN
SCALE
YIMAX
BLOWUF

I.J.k,L channel 1
" channel 2
" channel I
" channel 4
" channel 3
" channel 6

Tape Commands:

I

I

I

I

I

I

Options Commands:

I

display

ui,uz,
I
I

=, U4

slope (I*10#%%J) and intercept (E+10#%L)

cipher unit # (I=1 or
write banner amd start
write banner .
write EOF and stop recording
rewind tape to BOT

skip to 2 consecutive EOF =
search for file I (forward
skip forward 1 files

skip backward I files

skip forward 1 records

skip backward 1 records

o4

recordlng

ol 3

select plot mode 1
raw data display
on/off line overlay display

ozone concentration display mode

fast crone concentration dieplay mode
water vapor concentration display mode
plot gray scaele i+ I=l

CRT aerosocl gray scale displav

unit #1 data only

unit #2Z data anly

unit #3 data only

unit #4 data only

on—-line return only

off—line return aonly

both on—lime and off-line

plot retwn # for each unit {(bhoth=7]
plot scale factor where ccale=Zesl
display range interval (see note #23

(I=0 for mo displav?

display
display
display
show
show
show

subtract background and blowup to scale=D



LITER
DARKER
OFFSET
CLEAR
OVERLAY

BGWORD

EGWIND
SUBRAK
RNGCOR
SMOOTH
FLTAVG
IMDEX

FIXFNT
UFDATE

RNGCEL
GASEXF
SHFTOA
ATHMCOR

RAYCOR

et bt Pt bed bl bl e R e

ORIGINAL PAGE IS
 OF POOR QUALITY

Pt bed b e

Ccauses gray scale to be on
causes gray scale to be on

scale lighter

&
e scale darker

. atfset w-axis by I

clear CRT {0O=no clearsil=data onlvilS=all}
overlay data from different units if I=1
start word # for background average

# words to average for background (window,
subtract backgrouwnd i I=1

range correct i+ I=1

smooth data over I meters (max 105m)
average I shote in display

index of I through data buffer (if I=0
program computes inder necessary to fit
data on screen)

I pixels plotted per data point

I = 0 update plot and right screen

I 1 update plot only

I Z2 update right screen aonly

use range cell of I meters
concentrations in parts #10%#]1

shift TOA marker by [ words

if I=1 correct concentrations for
altitude change of standard atmosphers
{this correction not necessary when

the absorption cross-section is changing
with altitude as well)

Ravleigh correction in samse units as

GASEXLF above -

Ty AaCT 11 Color-Scale Commands:

ACTOM
ACTOFF
EXFAND
WHITE

BLACHK

* ALTCOR

* NORMAL

#* CUTarF
#* MARKER

EY

start real-time color scale on fAct 11
stop real-time color on Act 11
zoom factor (detault is } i

minimum value of range corrected signal
~=— when it falls below this values 1t
will be white '

maximum value of range correctsd signal

== when 1t falle above this value it

will be black '

aligns data such that presswe

altitude grownd is at third tic mark from
bottom

normalizes retuwn by EO/E where EOQ

is Afirst shot energy computed for energ
monitor channel 1T and E i1s the energy of
that channel on each shot

zerc 111 data if value greater than I
places a solid black line on plot

The following commands are identical in function as  those.
ligted in the previous section but the "E" preceding sach command
directs the action to the gray—scale diseplay on the dct I1.

BUNITZ BUNITS BUNITS ERETURN
BEGWIND EINDEX EFLTAVE

@UMITI

EREWORD



It has been found that it is extremely important to precise-
ly 1limne 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 a trigger marker. The trigger markers provided by the lase-
coherent time base are electronically delayved 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 +lash lamp
noise, or a breakthrough spike as the signal hits the aircratt
window, or in the case of the 1.06 return where the diode detec-—
tor i=s always on the return itself can be used to line up these
returns  with the DIAL returns. These types of markers occur at
the time of laser firing. The first step is to determine at what

word number the actual laser firing occurs. This can be dorne by
looking at any one of the three types menticned above which are
not electronically delayed. The LIST instruction is wused to

display the word values 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 delaved
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

tor each digitizer wnit being used). The lase-coherent markers
are presently delaved by 14 words (1.4 usecs) fraom the 1laser
firing. The Ffinal step is to specify the actual level for  the
trigger with the command TRGLEY. Again, each digitizer unit will
have its own trigger marker level. The trigger level is entered
as less than (<), greater than (X)), or equal to (=) some value
leqg. < 0, » 00, = -2048).

The trigger search routine looks for the triggesr marker 1n
the 11 words centered around where it expects to find one as
specified by the inputs LASFIR and TODLY. For erample, LAabFIR
is set for &, TODLY is 14, arnd TRGLEV is =048 then the trigoer
search routine expects to find a value of 2048 between word 15
and word 25 of the online retwn and between FOINTS + 13  and
FOINTS + 25 for the offline. I+ a value is found before that
window or 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 displavying FMODEZ. 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 camn be altered by switch settings on
the digitizers as well as by the command STORE. The Transiacs

have & pre—trigger dial which increments by 25& words (for 2048
waord record length). To allow for an ample window for the trig-—
ger marker the Transiac should be set at 1/8 (1892 words stored
after the trigger and 236 wordse before). When the data from the
digitizers is trancsferred into computer memory for storage to
magnetic tape, the operator has the option of selecting where to
begin storage with the instruction STORE. This command is espe-



cially useful with the Tranmsiacs since so many pre—-trigger wotrds
need be digitized. It also helps to concserve on storage when the
first retuwrn 1in the digitizer is of no interest and only the
second retwn need be saved isuch as the visible aercsol
measurement). A STORE value of 234 for the Transiac places the
lagser +firing at word 6 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 aof 1077 might be used (the euxtra
839 to skip the first retuwn). Figure 10 shows digitizer memory
as compared to computer memory for the kevboard commands as
follows:

STORE 234,234,1073
FOINTS 500,500,300 .

RETRNS 2,1,1

The sample dialogue on the following page shows how to start the
computer and run the DIAL DAS (0S. Lines followed by comments
preceded by two hyphens {(~—) are user inputs. Lines followed by
comments in parentheses are computer responsecs. The use of some
of the DIAL DAS 08 commands are.shown. Those commands with
comments  marked by ~--% need rnot be entered as the arguments
" provided are already default values. They have been included for
demonstration purposes.

The scale factor "I" for MODELl, MODEZ and MODEZ is such that

e s

displayved range interval = 25&6 % (2 %% -T13/(2 #% N-1)
where M = # digitizers in use.

So if & range interval of 4096 is decsired with 4 units, the scale
factor must be -7. An easier instruction to use is YMAX I which
automatically scales the data for you so that vour 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 -8 {i.e. S*R#R # 2 %% -8 < 1&). The instructions

LITER and DARKFER will either increment or decrement the scale
factor by one. '

4



- TOA MARKER - TOB MARKER

2047+ ¢ | { q
GROUND TRANSIAC
0 UNIT |
‘e—ON LINE UV OFF LINE UV
-2048% | P 3
0 254 290 | 1093 1123 - 2048
2047 ~ - -
GROUND - TRANSIAC
0 [~ | 4 UNIT 2
I
-2048 {'- - R T
0 240 290 . 2048
2047~ " Ne——VISIBLE
< GROUND TRANSIAC
0 + TOB MARKER—> CUNIT 3
0 1093 1123 2048
1 FF
2047 ONLINE OFFLINE IR VISIBLE _
0
-2048 % Lo I i ]
20 56 520 556 1006 1056 1520 1556 2000

Figure 10. Example of digitizer memory as compared to save buffer memory.

47



Sample DIAL DAS Dialogue. User input are those lines followed by . comments

{i

{(

Il

(!

(i

o

ft

(1

"

(v

¢

marker --. Computer responses are followed by comments in ().

1130006 - 8GOT LSI 1 :

RT-187 P32 -(LSI81 COMES UP IN RT11 SJ BONITOR)

JSSISH OX1: OX: COX1 IS TAREET OISK DRIVE)

2 RTSET (SET RT11 DATE FRON TCE-50 OVR)

SATE GRINT ONTED

S-10n-45 (ATE PRINTED [F TCO-50 DVR RESIDEND

UM BSTER — RUN PROSRON “MASTER"

1130006 ASIO SENDS BOOT COMAND TO LSI &)

AT-118] e3-62 ST & CONES UP IN AT11 SJ BONITOR) ORIGINAL PAGE: I3
ASSIEN OX1: 0X: (X1 IS TRRSEY DISK aN LSI 82 . i
2 RTSET (SET DATE FRON TEO-50 OYR) OF POOR QUALITY
SATE (RINT D4VE)

20 DATE (TCU=58 OVR NOT RESIENT IN LS £2)

208 SLASE (LST 81 TELLS LSI 82 TO RUN PRGSRAD “SLAME™)

(ST #1 PRINTS OVT RESIDENT SGMRER RECORD)

TAPE = 1 FILE= 0 WEADER LORBS: 35. DATE: ¢/3/¢6
[ 8¢ O (P/BOUN= O SABP FRE= 18 LASER FIE= 1
REP BATE: 5 MBS COEF: 1M4E-20
SUIT UROS ATRNS START  BASE TRI6 DELAY SPECIES T DELAY

1 6 2 234 -0 H>-1800 3 03 14

P ] 1 234 2041 =208 H n ()

3 (] 1 1073 -20@ )H>-1500 ] pis L}

4 1480 1 1329 20¢1 ¢ O F { ] []
UNIT 1 = TRANSIAC 2
UUIT 2 = TRANSIAC €
UNIT 3 = TRANSIAC 10
BHIT 4 = TRANSIAC 14 .
A/0 CORPERSION CONSTANTS ENERGY CONVERSIONS
Cial SLOPE OFFSET cuan SLOPE, OFFSEY

1 @00, -1088. 1 0.73E-02 -3.23

2 15.0 -18. 2 Q.RE-% -1.12

3 10.0 -10. 3 0.123 -41.2

4 2. -5, 4  0.1326 1.4

H 0.0 8.0 S  0.55£-02 -1.68
T7CANMCS 2,6,10.8 == READ TRAMSIRCS IN SLOTS 2.6, AND 10
WOLNTS 500,500,500 -- STORE 309 POINTS/RETURM IN EACH UMIT EXCEPT UNIT 4
METRAS 2,1,1.0 == STORE 2 RETURNS FRQEt UMIT 13 STORE 1 RETURN FRON 2 AND 3
TBASLIR 2047,20417,-2040,2047  —~ BASE-LINE OF EACM DIGITIZER
F0ELAY $,5,5,2 --% GATE TURN ON DELAY (USECS) AFTER LASER FIRE
NASFIR ¢ ==% LASER FIRES AT MORD ¢
7T0BLY 14.0,14,8 -~% UNITS 1 AMD 3 USE TO NARKERS UNICH ARE DELAYED 8Y 14 UORDS
MORPTS 35 -~ THERE UILL BE 35 UOROS OF SHOT HEAGER INFORMATION
T6ASES 03,IRLVIS,IR --% JDENTIFIES TYPE OF NEASURERENT FOR EACH UNIT
?00SC0F 174,-20 ==X ABSORPTION COEFFICIENT TO BE USED FOR 03 CALCULATIONS
HEIGT 13080 -~ QIRCRAFT ALTITUOE IN FEET
WPHSN ¢ =% DOUN~LOOKING MODE
PA0CHT 15,0,-15,8 =~& SECOKG A/0 CHANNEL UILL COMVERT BY 15 % VOLTS - 13,
ENCHE ,,-22,-1 =~ CHAMMEL 1 EMERSY IN AJ WILL BE .T3E-2 ¥ VOLTS - 2.2
HSTINR =~ LIST GUT NEU DANNER RECORD

TPE: 1 FILEE 0 HEADER WORDS= 35 DTE:  6/S/86
ALT: 13000 UPAOME: © SANP FRE: 10 LASEM FIE: 6
REP RAVE: S MBS COEF: 1745-20

GNIT RS RTRNS START BASE  TRIG DELAY SPECIES TO OELAY
1 500 2 234 2047 >-1800 5 . 03 14
2 S0 1 234 24 :-2048 L] IR 0
3 1 1013 -2048 >-1500 5 vIs 14

ONIT 1 = TRANSIAC 2

UNIT 2 = TRANSIRC ¢

GNIT 3 = TRANSIAC 10

8/0 CREPERSI0N CONSTRNTS EMERGY CONVERS 105

caal SLOPE OFFSET cuan SLOPE OFFSET
1 €00, -1080. 4 0.mE-02 -2.20
2 15.0 -1. 2 0.RQE-R2 -1.12
3 10.0 -10. 3 0.125 -41.2
4 20. -50. 4 0.1328 -1.4
S 0.0 0.0 §  0.55E-02 -1.69



i

l'(

$TART © T TTSTaaT TR TRANSFER FROB DIGITIZERS (SEE FISURE 10 FOR DATH STORASE)

. MODE2 == CHANGE TO MODE2 DISPLAY
nIsT ~1,30 == LIST LAST BUFFER FROD UGRDS 1 TO N
ST = 151
1 2 3 4 S ¢ 1 s S W

L] © 1908 1502 1099 1305 1991 1693 1999 1300 {302 1901

10 1968 1983 1505 1502 13% 1%01 1899 1301 190¢ 1300

N 1631 1684 1691 1123 1900 1309 1304 1500 1302 1983
TTRELEP <1780 == CHAneE TRIGSER LEVEL OF UNITI TO <1700

NOTE THAT THERE IS SONE NOISE AT UQRD 6 UMEW THE LASER FIRES
THE TRIGGER MRRKER OCCURS 14 UORBS LATER (MRS 20)

TRECORD == RECOR0 THE OATA ON BAS TAPE

HeTo == PLOT DOIM-LOOKING REROSOL OM ACT 11

TP -= STOP DATR TRAMSFER

noLes == CHQUGE BANNER AND PLOTTING PARARETERS FOR LOU ALTITUDE PSS
PHEIGHT 500 == BEN QLTITUBE OF 500 FEET

nsme == LIST GUT MEW BakkeER

oo BRNNER RECORS ...

TPt = 1 FILEs 1 HEADER WORDS= 35 DATE: 6/%/86

Ul 568 uPmoUN= 1 SANP FRE: 10 LASER FIEz= ¢

REP RATE:  $  ASS COEF:= 114E-20
UNIT _URBS RTRNS  STMRT BASE TRIG DELAY SPECIES TO DELAY

1 1480 1 34 241 < 0 2 (] [}
GHIT 1 = TRANSIRC 16
R/0 COMPERSICN CONSTRATS EMERGY COMVERS I0NS
CHAN SLOPE OFFSEY cHAN SLOPE OFFSET
1. 4000, -1080. 1 9.173E-02 -2.29
2 15.0 - 18, 2 0.426-02 -1.12
3 10.0 -1Q. 3 8.125 -41.2
4 0. -58, 4 0.1326 -1.44 N
5 0.0 4.0 S 0.55E-02 -1.68
2$TART -=  STERT DATA TRANSFER
7RECORD ’ == RECORD DATA
25CTON == PLOT UP-LOOKING AEROSOL OM ACT II
75T0P e STOP DATR TRANSFER
MILES ~=  DEFAULT PARAMETERS FOR WIGH ALTITUDE PASS )
YHEIGNT 13000 - TO FLY AT FEET- . .
ity SOING TO FLY AT 15000 FEE ORIGINAL PAGE: IS

.. BANMER RECORD ... OF POOR QUALITY

-TMPE = 1 FILE= 2 MEADER UORDS= 35 OATE: ‘ISI“.

MT: 15000 UPAOKN: O SABP FRE: 10 LGSER FIE= 6
REP RATE: 5 MBS COEFz 1746-20 ,
WIT 4R0S ATANS  START @6SE  TRIG OELAY SPECIES To DELAY

1 600 2 234 -2048 >-1800 S 03 14
2 e 1 234 2041 =-2040 S I L]
3 00 1 1013 -208 1500 5 vis L]
4 100 1 129 2 ¢ O 2 " L]

UNIT 1 = TRANSIAC 2

UNIT 2 = TRANSIAC 6

UNIT 3 = TRANSIAC %0

URIT 4 - TRANSIRC 44 )

#/0 CONVERSION CONSTRNTS EMERGY CONVERSI0NS

(<1 ] SLOPE OFFSET o SLOPE OFFSET
1 &, -1089. 1 0.13E-0 2.2
2 15.0 -1. 2 o.ek-02 - -1.12
3 10.0 -1, 3 0.125 -41.2
4 20. -50. 4 0.1326 )
5 0.0 L P ] S 0.55E-02 -1.68

48-b
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HARDWARE MANUALS

Chassis

MLST~RALLI-AD0 Series of Chacssis fAssemblies for use with DEC LSI-
11 Computers, MDR Systems, Inc. 1982 F/N BO0OIIZ&600,

Disk Drive

DED-480 Flexible Disk System Installation and Frogramming Mamual,
Data Systems Design, Irnc., 1980, F/N DBD 04000301,

DSD  440/480 Flewible Disk Data Storage Svetems Service Mamual,

o

Data Svetems Desigris, Inc., 1983, FArk  DBD GG EE-01

MLSI-DALLROT Interprocessor Link Instruction Manual, MDE Systems,
Imc. 1980 , :

Maanetic Tape Drive ,

Model F880 Magnetic Tape Transport, Volume 1, UOperation  and
Maintenance, Cipher Data Froducts, 1983, FAN 799816-007E.

Model DRLIZD Magnetic Tape Coupler Instruction Manual, Distributed
Logic Corp., 1982, F/N Z000Z2-1.

Magnetic Tape Software Aldes and Diagnostics, Distributed Logic
Corp., 1282, F/N 30030-0,

Iransiac DRigitizers
Transiac Model 2012 Waveform Digitizer, Transiac Corp.

Transiac Model 1020 Differential Amplifier, Transiac Corp.

Model 1500 Fowered Camnac Crate, Kinetic Systems, 1982

Model ZI920-Z1B General Furpose Crate Corntroller, Finetics
Svstems, 198%.

Model 2920-71D LSI-11/FPDF-11 Bus Adaptors, Kinetics Svetems,
1982, '
Model 5210 Driver Series, Hinetic Systems, 1982,



Loran Interface

MLEBI-DREY11-C Farallel Line Interface Module Instraction HManual.
MDE Systems, Imc., 1978, F/N 8004037346,

a/D Converter

FDF-11 Microcomputer Interfaces Handbook 1¢87%-84, Digital
Equipment Corp, 1983 (ADV11-C p. 53).

Line Frinter

Trilog T-100 Applications Manuel, Trilog Inc., 1981, F/N 1100067
Hev. H. :

MLSI-LF11 Line Frinter Controller for uwse with DEc LSI—ll
Computers Instruction Manual, MDR BSystems, Inc., 127
8004018,

Arn Hrbor Model 4005 Display Terminal, Ann Arbor Terminals, nc..
1977, P/N 208574.

FM-DLV11d Serial lLine Interface Module, Flessey Feripheral
Systems, 1982, F/N MA& 705020,

Time
Timing Control Unit TCU-50 DYR, Digital Fathways, inc., 158&.
Timing Control Umit TCU-50, Digital Fathwavs.

Graphic Displ:
ORGR-GRAFH, C
1987,

] ILLI

vy :
lour Graphics Controller, Mamnuwal Moo 173-R50-02711,




DIAL

TTY ERROR

CaMaC: | DMA XFER ERROR
CAMACT  NO-E& NMOT SET
CAMAC: LaMs NAT SET
CamMaC:s LAMS NOT CLEARED
MT: QUEUE EXCEEDS 22
MT: ILLEGAL COMMAND

MT: END OF FILE

MT:  CYCLICAL REDUMDAMNCY
MT: FARITY ERROR

MT:  BUS GRANT LATE

MT: END OF TAFE

MT: RECORD LENGTH ERROR
MT: BA&D TAFE ERROR

MT:  NON-EXISTENT MEMORY
MT: ERROR?

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

MT. ACTIONM COMFLETE
MEMORY BWAF ERROR

NAY INTERFACE NOGT

170400

(ADVITI-C)

AFFENDI X :

DRSS

RESFONDING

NOT THERE

ERROR MESSAGES

Teletype input error or attempt to

use STOF mode command while
transferring data.

Transiac transfer error —— check to
see that triggers and time bacses
for all units being used are

properly connected.

i
13

Mag tape streamer gueue cannct keep up.

Occurs i+ (&) a new instruction is issued
before last one has +tinished, (b} no
write ring when told to wite, (o) tape

urnit is off-line ar becones off-line.

1+ data is being recorded when EOT7 is

detected, an alarm sounds, 2 E0F s are
written, the tape starts rewinding, and
data 18 transferred to the second
tape drive.

This is an unrecognizable tape error.
This could occur when swappling in

extended memory —— but has nobt so far.

This usually means that the Loran

interface is not hooked up.

This occurs 1if the ADVII-C board i1is
not resident.





