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I. INTRODUCTION

I A video pulse radar system using a microcomputer controlled data

acquisition system is described in this report. This portable system

I converts video pulse radar returns into a numerical representation which

is stored on a digital tape recorder. The use of a microcomputer provides

capability for limited preprocessing of the data in the field. In the

present implementation, ensemble waveform averaging is the extent of the

digital preprocessing. The bulk of the waveform analysis is intended

to be performed on a more powerful remote computer, which obtains the

waveforms by reading the microcomputer generated magnetic tapes.

The first two sections present the setup of the analog portion of

the system and provide recommendations for a meaningful data collecting

procedure. The next three sections detail the required interconnections

between analog and digital systems, outline the capabilities of the mi-

crocomputer firmware, and describe the digital tape recorder. Finally,

a sample waveform recording sequence as might he performed in the field

is included.

II. SETUP OF THE ANALOG SYSTEM

I The analog portion of the data collection system can be set up, checked

i out, and utilized independently from the microcomputer system.

The following discussion pertains to the use of a sampling oscillo-

scope with the HFW systems (Terrascan, BANT, and LBANT 1'2) and the 6 ns

pulser. The use of the LBFA antenna with the Hewlett Packard pulse gen-

erator, is detailed in another report
3
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The sampling oscilloscope performs the scaling of broadband time

domain radar echoes (up to 1 GHz for this system) into low frequency (audio

range) sampled replicas. This low frequency waveform is displayed on

the oscilloscope screen. In the current application, the replica is also

digitized by conventional analog to digital converters which are part

of a microcomputer system.

The equipment associated with the sampling oscilloscope includes

a 7844 dual beam mainframe, a 7S12 sampling system plug-in, a 7A22 dif-

ferential amplifier plug-in, and a 7B50A timebase. Accessories of the

7S12 include

An S5 sampling head (rise time = 1 nsec),

An S-53 trigger recognizer, and an S-52 step generator.

To prepare the oscilloscope for use as a sampling receiver, the os-

cilloscope controls should be set as follows:

Beam Controls

Beam I: Vertical mode - Left

Horizontal mode - B

Beam 2: Vertical mode - Right

Horizontal mode - A

B trigger source: Left

7A22 Differential Amplifier

Volts/Div: I Volt

HF - 3 dB Point: I MHz

LF - 3 dB Point: DC



I

I
+input port: DC

i-input port: GND

7S12 Sampling Unit

Volts/Div: 100 mV with mV button depressed

Time-Distance: xl

Time/Div: 50 ns

Scan Knob: midrange

Scan Mode: REP

Use a 0 ohm termination unit on the input of the S-5 sampling head.

S-S Coupling Switch: DC

S-53 Slope Switch: (+)

7BSOA Timebase

Time/Div: I msec

Magnifier: xl

Triggering Controls:

Slope: (-)

Mode: Auto or Norm

Coupling: AC LF REJ

Source: INT

To make use of the waveform sampling capability, antennas and pulser

are connected as shown in Figure 1. The Microlab FXR HZ-iON capacitive

trigger pickoff unit is connected in series with the transmitting sig-

nal line from the Terrascan package pulse tube. The capacitive pickoff

j3
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Figure 1. Antenna and pulser interconnections for
use with the analog sampling system.
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is generally placed as near to the pulse source as is possible, which

in this case is directly on the end of the coaxial cable emerging from

I the Terrascan pulse tube. A TNC male to N male adapter will be neces-

sary. The variable depth capacitive probe should initially be set about

midway in its range of positions.

A short length of cable is then used to connect the capacitively

I coupled trigger to the S-53 trigger recognizer.

The transmitter pulse, after passing through the capacitive pick-

off, is routed to the transmitting antenna using RG-9/U cable. Physically

the two dipoles in each crossed pair are identical and either may be se-

lected as the transmitting antenna. The receiving antenna is then con-

nected via RG-9/U cable through a 50 ohm termination unit and into the

S-q sampling head. Because of internal delays in the oscilloscope, the

minimum length of cable which can be used between the trigger pickoff

and the S-5 sampling head is approximately 40 feet.

Care should be taken to guide the cables which are connected at the

antenna upwards, perpendicular to the ground, for several feet. They

should then be lead away in such a manner that they do not drape back

down to the ground until they are several feet beyond the antenna tips.

This is necessary to preserve symmetry (and consequently transmit/receive
isolation) in the antenna region. When using the Terrascan antenna, this

is nicely accomplished by the metal handle which is included with the an-

tenna. For other antennas a wooden tripod, such as that used by a sur-

veyor's transit, has been employed for this purpose. Once it has been
*verified that the system is set up as described above, the pulse generator

may be powered up by turning on the Terrascan unit. The level and sta-

I hility controls on the S-53 trigger recognizer are now adjusted to provide

a stahle picture of the received waveform on the oscilloscope screen (Beam

?). If the trace is free-running (not triggering) it will appear as a

solid line. When proper triggering is occurring, the trace will appear

*I
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as a dotted line. Readjusting the capacitive pickoff may he deemed nec-

essary. The capacitive pickoff should be pushed in only as far as is

needed to provide a stable oscilloscope trace. Pushing the pickoff in

all the way has the ootential for burning out the S-53 unit. When the

system has been set up properly and the intended equipment settings ob-

tained, the control of the oscilloscope sweep may be turned over to the

data acquisition microcomputer, as detailed in a later section.

I1. DATA COLLECTION TECHNIQUES

A common problem encountered in remote data collecting occurs when

the waveforms are finally being examined and it is found that a certain

important equipment setting was not recorded or a definitive experiment

was overlooked. It is taken for granted that the equipment settings,

cables, antenna, and pulser used will be recorded in some way for each

waveform. The discussions which follow are intended to detail methods

which may be used to alleviate certain of the more basic oversights.

One of the most important pieces of information to be obtained from

a recorded waveform is the relative time delay to a feature of interest

(target echo). This relative delay corresponds to a signal path from the

transmitting antenna to the target and back to the receiving antenna.

The time at which the transmitter energy reaches the antenna feedpoint

toidrks 'time zero' (tO), corresponding to the surface of the ground. A

cross-coupled pulse usually appears at this time. Time delays of sub-

terranian echoes should be measured from this 'time zero' to allow ac-

curate determination of depth. Since this time reference is so important

it is often useful to set the oscilloscope range window to include the

initial coupled pulse at tO, even though targets near the surface may

not be of interest.

6
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Certain antenna and pulser combinations may not provide a notice-

able pulse at t0. To aid in identifying this time, a wire several feet

lonq may he placed bisecting the feed region of the crossed dipoles.

This should give rise to a strong ringing signal which will begin at to.

It is usually convenient to position to one division from the left edge

1of the oscilloscope screen.

Even if the desired time window for recording does not include t0,

a recording should be taken which does include it. It is felt that if

precise delay measurements are needed, there is too much backlash in the

Ioscilloscope mechanical delay control to rely solely on its readings.

If this is the case, after recording the to waveform the oscilloscope

i delay knob may be cranked out so that the last few centimeters (right

hand side) of the first recording have now become the first few centi-

I meters (left hand side) on the oscilloscope screen. This display should

now be recorded and the process repeated until the desired time window

is reached. The overlapping preliminary recordings may later by pieced

together, allowing a precise determination to be made of the actual delay

to any feature appearing in the waveform set which was recorded in the

desired time window.

Another common problem encountered in data collection occurs when

clutter is present in an early portion of the waveform which is much stronger

Ithan the expected signal echo (which occurs in a later part of the wave-
form). The dilemma is that when the oscilloscope gain is adjusted to

provide an unclipped view of the clutter, very poor resolution is obtained

for the weak target echo. The resolution limit is related to the quanti-

zation level of the 8 bit A/D converter of the recording system. On the

Iother hand, if the oscilloscope gain is set to provide a reasonable pre-
sentation of a target echo, the clutter filled early portion of the wave-

form will be driven off screen, clipping the recorded waveform. This

clipping may be acceptable in some instances, but for many types of data

I
I
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processing the clippinq causes erroneous results. Spectral analysis,

filterinq, and analysis in the complex frequency plane all may provide

misleadinq information if clioped waveforms are used.

The present solution to this problem is to record the waveform twice,

once on each gain setting. Then the two waveforms may be combined using

a computer with more numerical precision. This allows the weak target

echo to be represented with the same precision as the strong clutter sig-

nal. A more satisfying solution would be to incorporate a tapered gain

function in the oscilloscope amplifiers, automatically increasing the

front-end amplification as the later time portions of the waveform are

being sampled. Unfortunately such a function has not been included in

the present system.

TV. SETUP OF MICROCOMPUTER SYSTEM

The Microcomputer Data Acquisition System (MIDAS) allows controlling

of the sampling process and converts the sampled radar signals into a

diqital format. This eliminates the need for bulky and expensive multi-

channel analon recorders. The microcomputer consists of an Intel SDK-

R8 computer board, an 8 K byte memory board, and a board containing keypad,

display and analoq I/O. The heart of the computer is an Intel 8080 micro-

processor.

The equipment associated with the data acquisition computer includes

the microcomputer box, the microcomputer power unit, and a Tektronix 4923

Digital Cartridge tape recorder. These items are assembled as shown in

Figure 2. Be certain that Pin 1 on each 'harmonic' connector on the re-

corder cable matches with the designated Pin 1 on the microcomputer box.

Improper connection may damage the recorder.

8
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I__ 7844 OSCILLOSCOPE

7A22 7SI2 7B50A

S-530 0
+ INPUT

EXTERNAL 7TRIGGER OUTPUT
SCAN INPUT

VERTICAL ) I
SIGNAL OUTPUT

RAMP- TRIGGER INPUT
PUSH BUTTON

SPARE--, ANALOG INPUT

MICROCOMPUTER

PIN I

-wPIN I

4923
CARTRIDGE
RECORDER

SMICROCOMPUTER

I POWER SUPPLY

I,

Figure 2. Tnterconnection of the sampling oscilloscope
and the microcomputer system.
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The connections which must be made between the microcomputer unit

and the 7844 oscilloscope are illustrated in Figure 2. A specific de-

scription of each interconnection follows.

1. A coaxial cable with a BNC male fitting at one end and a BSM

connector at the other is used to connect the 'trigger out'

signal of the S-53 trigger recognizer to the trigger jack (Port

F) on the microcomputer box. This signal provides the computer

with interrupts, which synchronize certain computer functions

with the firing of the pulse generator.

2. A coaxial cable with a BNC male plug at one end and pin plugs

at the other is used to connect the vertical signal out of the

7SI2 to the signal in jack (Port G) of the microcomputer box.

The signal wire is the red wire. The black wire (ground) should

he fastened to the groundinq terminal on the 7A22 plug-in. This

siqnal is the sampled waveform which is to be digitized by the

A/D converter.

3. A coaxial cable with a BNC male plug at one end and pin plugs

at the other is used to connect the ramp (Port H) from the com-

puter box to the input ramp pin jack of the 7SI?. The red wire

i.i the signal wire. Connect the black (ground) pin plug to

the pin jack of the grounded wire from step 2. This signal

is used to drive the horizontal amplifiers of the oscilloscope

which also determines the time delay of the sampling point.

To utilize this signal properly, the external input push button

on the 7S12 should be depressed and the scan vernier knob turned

fully clockwise.

4. A coaxial cable with a BNC male plug at one end and pin plugs

at the other is used to connect the (+) input of the 7A?? dif-

ferential amplifier pluq-in to the ramp signal of step 3. This

10



i-7:
is done by piggybacking this red pin plug into the red pin plug

which is in the 'input ramp' pin jack on the 7S12. When the

computer is in the waveform display mode the ramp line is used

to send an analog waveform to the oscilloscope on Beam 1. The

f volts/div switch of the 7A22 should be set at 1 v and the 7B50A

time base should be set for 1 ms/div.

Upon powering up the microcomputer system an audible 'beep' will

be heard and the Light Emitting Diode (LED) display will read all zeroes

indicating that the computer program is idling in the command loop. The

digital recorder power should be turned on after the computer itself.

If analog and digital systems have been interconnected as previously de-

scribed, the computer keypad may be now used to control the data acqui-

sition and associated processes.

V. COMPUTER FIRMWARE FUNCTIONS

A summary of the keypress functions is given below. Their use is

described in the tollowing paragraphs.

.... Record a waveform from the sampling oscilloscope into the com-

puter memory.

..... Initiate remote pushbutton waveform recording sequence.

2 .... Enter two digit sequence number for next waveform.

3 .... No control function.

4 .... Select number of points desired per waveform (16,32,64,128,

or 256).

5 .... No control function.

" J
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6 .... Select number of averages to be taken for each data point (0,

2, 4, 8, 16, or 32).

7 .... Enter tuneup mode which sweeps oscilloscope and displays on

the LED's, the average value, peak value, and peak position

of the digitized waveform.

8.... Enable a program branch to a user supplied PROM.

A .... Display a selected waveform from the computer memory on the

oscilloscope.

B .... Dump waveform data from computer memory to digital cartridge

recorder.

C .... No control function. Used to return to command loop from cer-

tain functions.

D .... Read and verify waveform data from digital cartridge recorder

against computer memory.

E .... Turn off alarm which results when computer memory is full of

waveforms or when a read/verify tape error has occurred.

F .... Restart and re-initialize program.

The operation of these functions is now explained in detail.

(0) Record a waveform

Pressing key 0 while in the command loop initiates the recording of

a waveform from the sampling oscilloscope. The center two LED's

12



i display the sequence number for the waveform being recorded. The wave-

form is stored in the next available memory area and pertinent pointers

Iare advanced. The memory is checked before recording commences and if

the memory is full an alarm is set off (see keypress E). Otherwise the

program returns to the command loop.

(1) Initiate remote pushbutton recording sequence

Pressing key I while in the command loop allows recording of suc-

cessive waveforms to be contruiled remotely, via a pushbutton. Each pres-

sing of the pushbutton causes one waveform to be recorded into the computer

memory (see keypress 0). To return to the program command loop press key

C. This is an optional feature for user convenience and the pushbutton

hardware has not been included with this system. The pushbutton cable

is to be connected to BNC jack I on the computer chassis. When depressed,

the button should short the cable center conductor to the shield (ground).

(2) Enter sequence number.

Stored with each waveform is a two digit sequence number which is

to be used with written records to identify each waveform. Upon startup

or reset, the sequence number is initialized to 00. As each waveform

is recorded this sequence number is incremented up to FF (hexadecimal)

after which it starts over at 00 again. The sequence number for the next

waveform may be changed at any time by the user by pressing key 2 while

in the command loop. At this point a 2 is displayed in the leftmost LED

and the next two keypresses will select the new sequence number. The
program is then returned to the command loop, but the new number is not

displayed until the next recording operation.I
(4) Select number of points per waveform.I

Upon startup or reset the number of data points per recorded wave-

form is initialized to be 256. This may be changed by pressing key 4

1 13
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while in the command loop. At this point a 4 is displayed in the left

most LED and the next keypress will select the number of data points to

be recorded as follows:

Key press Selects

0 16 points

1 32 points

2 64 points

3 128 points

4 256 points

Keypresses other than 0 through 4 are ignored and the program waits

for a valid entry. After a valid keypress the program returns to the

command loop.

This feature was included for added flexibility.

Important note: If the number of data points per waveform is to

be changed in the middle of a recording session, dump any waveforms re-

maining in memory onto the digital cartridge recorder (see keypress B).

Having waveforms of differing lengths in memory may cause the waveform

display feature (keypress A) to malfunction.

(6) Select number of waveform averages.

Upon startup or reset the number of averages taken per data point

is initialized to 4. During data recording, each of the horizontal posi-

tions of the waveform (time positions) is sampled 4 consecutive times

and the computed average value is stored in the proper cell of the mem-

ory area. The number of averages to be taken may be changed at any time

by pressing key 6 while in the command loop. At this point a 6 is displayed

14
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I
in the leftmost LED and the next keypress will select the number of av-

erages to be taken per data point as follows:

Keypress Selects

0no averaging

1 2 averages

2 4 averages

3 8 averages

4 16 averages

5 32 averages

Key presses other than 0 through 5 are ignored and the program waits

for a valid entry. After a valid keypress the program returns to the

command loop.

(5) Enter tuneup mode

Pressing key 7 while in the command loop transfers program control

into a 'tuneup' mode which allows computer controlled sweeping of the

oscilloscope without recording a waveform and also verifies proper op-

eration of the A/D and D/A converters. When in the tuneup mode the os-

cilloscope is swept continuously, employing the number of points per wave-

form and the number of averages per data point which have been selected.

The incoming radar return should appear on the oscilloscope screen. The

two leftmost LED's display the peak signal amplitude as a two digit hexa-

j decimal number. The A/D converter output ranges from 0 below the bottom

of the oscilloscope screen to FF above the top of the screen. The am-

plitude value which is displayed is that of the waveform element which

is farthest from midscale (midscale=40 Hex) either above or below. The

center two LED's display the time position of this peak as a two digit

hexadecimal number. This number corresponds to the element number of

the peak which ranges from 00 at the left edge of the oscilloscope screen

I
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to FF at the right edge of the screen. The rightmost two LED's display

the computed average value of the waveform as a two digit hexadecimal

number. As with the peak amplitude, this value may range from 00 to FF.

To exit the tuneup mode, press key C.

(8) Branch to user ROM

User defined functions may be added to the computer without modi-

fying the main program. These functions may be programmed into 2708 E-

rasable Programmable Read Only Memories (EPROM's) for use in hardware

slots 'ROM 2' and 'ROM 3'.

To cause a jump from the main program to a user routine Key 8 is

pressed while in the command loop. At this point an 8 is displayed in

the leftmost LED and the next keypress will select the ROM position

to which program control is transferred. Pressing Key 2 or 3 transfers

control to ROM 2 (address 800 Hex) or ROM 3 (address COO Hex). Pressing

Key 0 selects the main program (ROM 0) and is equivalent to a software

reset (see keypress F). If any key other than 0, 2, or 3 is pressed the

program returns to the command loop.

(A) Display a stored waveform.

To display a previously stored waveform on the oscilloscope, key

A is pressed while in the command loop. At this point an A is displayed

in the leftmost LED and the next two keypresses select the sequence num-

ber (see Key 2) of the stored waveform to be displayed. If no waveform

is found with the given sequence number, the program returns to the com-

mand loop. If a waveform is found, the sequence number is displayed in

the leftmost two LED's. The waveform data is now being continuously cycled

out of the D/A port to the oscilloscope. Turn down the intensity of beam

? and turn up the intensity of Beam 1 on the 7844 oscilloscope. Now the

16
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Itimebase and triggering controls of the 7B5OA plug-in should be adjusted
to provide a stable picture on the oscilloscope screen. (A plus to minus

j full scale pulse is inserted at the beginning of each cycle of the wave-

form data to provide a convenient trigger signal for the oscilloscope.)t
To terminate the waveform display press Key C and the program will

return to the command loop. To prepare for further waveform recording,

turn down Beam I and turn up Beam 2 on the oscilloscope.

(B) Dump waveform data to cartridge recorder.

When the digital cartridge recorder is set in its write mode (see

section on the cartridge recorder) and the computer is in the command

loop, pressing Key B causes the waveforms stored in computer memory to

he copied to the digital recorder. This waveform dumping process may

be performed whether the memory is full or only partially full of wave-

forms; only the portion of memory containing waveform data is dumped.

When the dump is completed, program control is returned to the command

loop. At this point the STOP button on the recorder should be pressed

in order to make each tape dump a complete logical file, as defined by

I the recorder. This is done to make waveform recovery from the tape more

convenient. This is also required if the read/verify function of the

tcomputer (Key D) is to be used. If the indicator light over the recorder

STOP button is lighted before you press the STOP button, this means the

I tape has no more room. This dump is probably incomplete (use Key D to

check) and memory should be redumped on a fresh tape.

IWaveform dumping of a given memory content may be performed any num-
ber of times (to provide redundant recordings if desired) until a new

I waveform is recorded via Key 0 or Key 1. When the first new waveform

is recorded after dumping the memory, the software data pointers are

reset and reference to the previous waveforms is lost. The sequence num-

her is not reset, and continues in sequence.

17
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(C) Return to command loop

Pressing Key C causes program control to return to the command loop

when in the following operations

1) push button recording mode (Key 1)

2) Tuneup mode (Key 7)

3) Waveform display mode (Key A)

Key C may also be used as a convenient invalid character to abort

the 'jump to user PROM' routine (Key 8). Control is returned to the com-

mand loop (see Key 8).

(D) Read and verify cartridge tape

After pressing Key B to copy the memory to tape it may be desirable

to verify that the recording is accurate. This may be done if the memory

dump constituted a complete tape file (as recommended in the Key B sec-

tion). If the last dump was structured as only part of a file, the Key

D read verify routine will not work properly. If the dump does consti-

tute a complete file, the tape should then be rewound to the beginning

of this file by a momentary press of the recorder's REVERSE button, and

prepared for the read by pressing the RUN button. Pressing Key D on the

computer while in the command loop will initiate a byte by byte compari-

son of the tape contents with the memory contents. If an error is en-

countered the alarm is set off. Pressing Key E will silence the alarm

and return program control to the command loop, from where another tape

write operation (Key B) may be tried. The STOP and then the REVERSE but-

ton on the recorder should be pressed to position the tape for another

write attempt. If the tape data is valid, program control is returned

18
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to the command loop. To prepare the recorder for further data recording

press the STOP and then the FORWARD button on the recorder.I
(E) Silence Alarm

Key E is pressed to silence the alarm which occurs when the computer

memory is full of waveforms (in recording modes, Keys 0 or 1) or when

a read/verify tape error is encountered (in tape check mode, Key D). Con-

trol is returned to the command loop.

(F) Software resetI
Pressing Key F while in the command loop causes a branch to the be-

ginning of the computer program. This resets all pointers and reinitial-

izes all default values. This is equivalent to pressing the reset button

on the SDK-80 computer card.

VI. THE DIGITAL CARTRIDGE TAPE RECORDER

This section briefly describes the digital recorder functions which

I are necessary to operate the recorder with the microcomputer data acqui-

sition system. A more complete description of the recorder features may

I be found in the Tektronix 4923 Digital Cartridge Tape Recorder Users'

Manual.

To insure that the internal circuitry of the 4923 recorder is prop-

erly ii, itialized, the recorder should only be turned on after the main

microcomputer data system has been powered up. (The microcomputer system

provides the clock necessary for operation of the 4923 recorder.) Next,

verify that the Test/Operate switch on the back of the recorder is in

the operate position and the BINARY button on the front panel is depressed.I
I
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Read Operations

When the digital cartridge is inserted and the recorder is in a stop-

ped condition, the Read Mode may be entered by a momentary press of the

RUN button. The READ indicator (above the RUN button) will become lit.

The microcomputer may then read data a byte (eight bits) at a time from

the recorder's tape buffer. When a File Read Operation is complete, the

STOP and then the FORWARD button should be pressed to position the tape

for a read or write on the next file.

Write Operations

A Write Operation is used to write data onto the tape from the micro-

computer. To enter Write Mode, press in and hold the WRITE button and

simultaneously press the RUN button. The WRITE indicator (above the WRITE

hutton) will illuminate.

Once the Write Mode has been entered, the Write Operation continues

until the STOP button is pressed. Between the time when Write Mode begins

and the time when the STOP button is pressed, all data from the micro-

computer is written onto the tape. It is written from the data lines

into a buffer that holds 128 eight-bit bytes (characters). When the buf-

fer is full, the 128 data bytes are written onto the tape, constituting

one data record. Records are written sequentially onto the tape in this

manner to form tape files of data. When the STOP button is pressed, any

unused character positions within the buffer are filled with NUL char-

acters, and the last record of the file is written onto the tape followed

by an End-of-File mark.
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Skip Forward Operations

Skip Forward allows the 4023 to skip over one data file in the for-

ward direction without transferring data. The operation may be ended

earlier by pressing the STOP button. Skip Forward is implemented by a

single momentary push of the FORWARD button. (Note that a momentary push

is all that is required for the Skip Forward Operation. If the FORWARD

button is held down, Fast Forward mode will begin, as described in the

following paragraph.)

Fast Forward Operations

Fast Forward mode begins when the FORWARD button is pressed and held

for about one second. When this occurs, the tape winds in the forward

direction at 90 inches per second. This continues until the STOP but-

ton is pressed, or until the end of the usable tape area is reached, which-

ever occurs first.

Skip Reverse Operations

Skip Reverse allows the 4923 to back over one data file each time

the REVERSE button is momentarily Pressed. No data is transferred. The

nperation may he ended earlier by pressing the STOP button. (Note that

a momentary push of the REVERSE button is all that is required for a Skip

Reverse Operation. If the button is held down, Fast Reverse mode will

beqin, as described in the following paraqraph.)

Fast Reverse (Rewind) Operations

j Fast Reverse begins when the REVERSE button is pyessed and held for

about one second. When this occurs, the tape rewinds at 90 inches per

second. Rewinding continues until the STOP button is pressed, or until

the tape has rewound to the beginning of the usable tape area, whichever

occurs first.
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VII. EXAMPLE RECORDING SESSION

The following paragraphs describe a sample waveform recording ses-

sion, using the various features of the microcomputer system.

First the oscilloscope, pulser, and antenna should be assembled and

interconnected as dictated by the desired experiment and in accordance

with Section I1. The proper oscilloscope settings for the radar data

can he determined while using the repetitive scan mode of the 7S12 sampling

plug-in. After the computer connections are made as outlined in Section

IV, the scan mode on the 7Si should be set to external and the scan rate

knob turned fully clockwise. When the computer is powered up the LED

displays should read all zeroes indicating that the computer is ready

and in the command loop. This may be further verified by pressing Key

C on the key pad a number of times. The letter C should be displayed

in the leftmost LED and an audible 'beep' should sound at each keypress.

If the number of averages to be taken is desired to be two instead

of the default value of four, the key sequence 6-1 should be entered.

Pressing Key 7 then initiates sweeping of the oscilloscope in the

tuneup mode. The radar waveform appears on the oscilloscope screen as

it will be recorded and the numerics on the LED's indicate proper oper-

ation of the A/D converter. When ready to record a preliminary waveform

press Key C to terminate tuneup mode and then Key 0 to record.

The sequence number of 00 should be displayed in the center two LEDs.

It is useful at this point to view the recorded waveform. This is done

hy enterinq Key sequence A-0-0, lowering the intensity of Beam ? on the

oscilloscope, and raising the beam 1 intensity. By viewinq the waveform

in this fashion the operator can decide if enough averages are being taken

or if the high resolution (smoothing) feature of the 7SI? is needed.
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After the appropriate measures have been taken and the preceeding sequence

has been repeated, the memory may be cleared of these test waveforms by

pressing Key B (memory dump) without enabling the cartridge tape recorder.

The sequence number should then be reset (usually to zero) by entering

key sequence 2-0-0.

The first two waveforms which should be recorded for any given trial

are the top full scale and bottom full scale readings of the oscilloscope

screen. These are used to calibrate the subsequent recorded waveforms

in relation to the oscilloscope deflection factor. These straight line

waveforms can be obtained by disconnecting the received signal cable from

the S-5 plug-in and turning down the vertical sensitivity of the 7S1 to

reduce noise. The 7S12 offset control is then used to position the trace

to be recorded first at the top full scale line and then at the bottom

full scale line.

After this detail has been taken care of, recording of waveforms

can proceed by pressing key 0 for each recording. (See also Section III

concerning data gathering techniques.) In between recordings the incoming

received waveform may be viewed by pressing Key 7 (tuneup) or by switching

the 7S12 unit to repetitive scan. If the repetitive scan feature is used

it is essential that the 7S12 is returned to the external scan mode and

Ithe scan knob turned fully clockwise before another recording is made.

J Once the desired number of waveforms have been obtained or the alarm

goes off signifying full memory, the waveforms may be copied to the car-

I tridge recorder. (Key E is used to silence the alarm.) The digital re-

corder may be put into the write mode by pressing in and holding in the

WRITE button and momentarily pressing the RUN button. (Be sure that the

BINARY button is depressed.) Pressing Key B on the microcomputer then

causes the memory dump to occur. After this operation is complete, the

I STOP button on the recorder should be pressed. This causes an End-of-

File mark to be written and advances the tape to the next position for

Iwriting.

23
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An optional Read/Verify check may be made at this point. To do this

press Key D on the microcomputer. Then press the REVERSE button momen-

tarily on the recorder. When the tape stops press the RUN button. If

the tape data is valid program control returns to the command loop and

an audible beep is generated. Press the STOP button and then the FORWARD

button on the recorder to position the tape for the next write. If the

tape data is not valid, a continuous alarm is set off which can only be

silenced by pressing Key E on the microcomputer. This done, back-up the

tape to the beginning of this bad file by pressing STOP then REVERSE

and try the Read Verify again (Key D) or repeat the memory dump procedure

(Key B).

This process of recording and dumping waveforms may continue until

all experiments are done or until there is no room on the tape. If after

a memory dump (Key B) the indicator light over the tape recorder STOP

button is lighted before you press the STOP button, the tape is out of

room. This dump should be repeated on a fresh tape.
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APPENDIX I

WAVEFORM RECORD FORMAT AND MICROCOMPUTER PROGRAM LISTING

Each waveform as recorded on the digital tape cartridge contains

five preamble bytes, a variable number of data points (specified in the

preamble) and three postamble bytes. For the general case of 256 data

points, the waveform record size is 264 bytes. The significance of these

bytes in the order read from the tape is charted below.

Byte I: Header, always = 99 Hex

Byte 2: Header, always = 88 Hex

Byte 3: Number of waveform data bytes in record. Coded as follows.

10 Hex 16 data bytes

20 Hex 32 data bytes

40 Hex 64 data bytes

80 Hex 128 data bytes

00 Hex 256 data bytes

Byte 4: Number of averages taken by system per data point. Coded

as an eight bit integer.

Byte q: Sequence number, used to identify the waveform. Range 00

Hex to FF Hex.

Byte 6: First waveform data byte. Coded as an unsigned eight bit

integer. 00 Hex corresponds to the most 'negative' value

and FF Hex to the most positive value.

Byte N+S: Last waveform data byte.

Byte N+6: Low order byte of the waveform data checksum. This 16

hit checksum is the negation of the sum of the N wave-

form data bytes.

Byte N+7: High order byte of waveform data checksum. When the 16

bit sum of Bytes 6 through N+5 is added to the 16 bit

integer of bytes N+6 and N+7, zero should be the result.

Byte N+8: Trailer, always = FF Hex.

25



The following pages contain the program listing for the microcomputer

data acquisition system. This program resides in 270B Programmable Read

Only Memories (PROM) in hardware slots ROMO and ROM! on the SDK-80 micro-

computer board.

26
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