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FLIGHT DEMONSTRATION OF NEW NRL REAL-TIME DATA ACQUISITION
SYSTEM AND LASER VIDEO WAVEFORM SAMPLER

1.0 INTRODUCTION

A new real-time data acquisition system has been designed at the Naval
Research Laboratory (NRL) in Washington, D. C. to support active and passive
airborne experiments performed by the Space Sensing Applications Branch,
Space Systems and Technology Division. The new system uses a PDP 11/34A
computer as the host processor, and various interface controllers and
circuits are added according to the individual requirements of each sensor
system used in the particular experiment.

A flight demonstration of the capabilities of the new data acquisition
system, interfaced to the NRL laser video waveform sampler system, was
performed on 28 June 1982 over the Great Dismal Swamp located on the
Virginia-North Carolina border. The various components used and preliminary
experimental results are discussed in the following sections.

2.0 LASER VIDEQ WAVEFORM SAMPLER SYSTEM

The sensor portion of the system is a solid state diode laser
profilometer manufactured by Associated Controls and Communications, Ine,
The laser wavelength is 904 nanometers with a pulse width of 10 nanoseconds,
a beamwidth of 1.5 milliradians, and a peak power of 65 watts (Hammond
1982).

The video waveform sampler portion consists of a high-speed digitizer
(Biomation 6500) and specially designed digital circuits to sample, store,
and output the digitized laser video signal waveforms and the laser flight
time.

The nadir-looking laser is mounted in the fairing of the NRL RP-3A. At
the normal aircraft operating altitude of 500 feet, the laser footprint is
approximately 0.75 foot (or 23 centimeters).

3.0 COMPUTERS AND INTERFACES

3.1 Computers

The host processor for the new data acquisition system is a PDP 11/34A
computer with a 256 Kilobyte memory, two 1600 bpi tape drives, and two
DEC-RLO1 disk drives. The 1600 bpi tape drive has a throughput rate of
36,000 words per second, while the DEC-RLO1 disk drive data transfer rate is
250,000 words per second.

Manuscript approved April 27, 1984.
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The total storage capacity of a 2800-foot digital magnetic tape
recorded at 1600 bpi is about 46 megabytes, while the total RLO1 disk
storage capacity is 5.2 magabytes.

A LA-120 typewriter terminal is used as the system console, which
provides a permanent record of system activities.during the airborne tests.

During the June 1982 test flight, only one of the two tape drives was
B flown in the aircraft because of space and weight constraints., The computer
. was operated for more than 40 flight-hours without a single failure., Both
i the disk and tape drives functioned correctly even during rough flight
conditions.

3.2 Computer Interface

3 The laser video waveform sampler system was supported by this new data
h= acquisition system during the 28 June 1982 test flight. The laser, which

has a 125 KHz maximum data output rate, uses a DR11-B interface board
mounted on the PDP 11/34A backplane to transfer the laser data cutput into
the computer memory. With a data throughput rate of 512 KHz, the DR-11B
interface board data rate is comparable to the highest data burst rate of
the laser video waveform sampler system, A small peripheral slot on the PDP
11/34A was modified for the DR11-B, which is a direct memory access
interface board. A simple electronic interface circuit was designed to
handle the handshake between the DR11-B and the output of the laser video
sampler. A schematic diagram of the interface circuit is shown in Figure 1,
and the signals and voltages applied to the two 40-pin berg connectors on
the DR-11B are shown in Table 1.

This interface circuit is mounted on a vector board which is mounted in
a 8 x 3.5-inch mini box. There are also two 40-pin berg connectors and one
RS232 connector mounted on the mini box, The berg connectors are connected
to the DR11-B board with two 40-pin ribbon cables while the RS232 is
connected to the laser video waveform sampler with a 25-wire cable.

4,0 SOFTWARE CONTROL OF THE DR11-B INTERFACE

Data acquisition is controlled by software stored in the PDP-11, It
manipulates the DR11-B interface through four registers: vector, count, bus |
address, and command status whose addresses are 124, 172410, 172412, and {
172414, respectively. The software must perform the following functions: ) 3
) 1
(a) The computer, the word count register, and the bus address are loaded ]
Wwith proper values to initiate data transfer between the laser sampler
and the computer,
(b) The go bit and interrupt enable bit are then set which sends a device Y 1
command pulse to the laser video sampler interface circuit. .
(¢) When the laser video sampler output data is ready, a cycle request
pulse is sent to the DR11-B interface board to initiate a data transfer
into the computer memory.
LA
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TABLE 1: DR11-B Signal and Voltage

Connector P1

Signal RS232
DATI 15 (16)
DATI 00 n
DATI 14 (15)
DATI 01 (2)
DATI 13 (14)
DATI 02 (3)
DATI 12 (13)
DATI 03 u)
DATI 11 (12)
DATI o4 (5)
DATI 10 (11)
DATI 05 (6)
DATI 09 (10)
DATI 06 (7)
DATI 08 9)
DATI 06 (8)
Control In OV

AQOin OV

ATTEN OV

NC

BA INC EN SV

NC

NC

NC

NC

C 1 CONTROL IN 5V

NC

NC

NC

NC

SINGLE CYCL OV

NC
NC
NC

NC

CYCLE REQUEST A
(Device Flag) (PN23)
NC
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Connector P2

Signal

NC

NC

NC

NC

NC

NC

NC

NC

NC

NC

NC

NC

NC

NC

NC

NC

NC

NC

NC

NC

WC INC ENB 5V
NC

NC

NC

NC

[

NC

NO LOCK OV
NC

NC

NC

NC

NC

NC

NC

NC

CYCLE REQUEST B
(Device Flag)(PR3)
NC

NC

NC

NC
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(d) When the data transfer is completed, an end cycle pulse is sent to the
laser video sampler to request more data. This process continues until
the number of data samples transferred is equal to the word count
requested.

(e) An interrupt service routine is entered upon the word count overflow
which resets the bus address and word count register to the previous
value upon exit, and the laser data in the computer memory is then
transferred to magnetic tape.

(f) After completion of the transfer, the go bit and interrupt enable bit
are set and the previously described sequences will continue until the
experiment is completed or the computer program is halted.

5.0 DATA STRUCTURE

The output of the laser video sampler interface are collected and
packed into 512-byte data buffers. The data are arranged into time and
amplitude pairs. The time indicates the delay after the laser pulse was
transmitted to vthen it was received; the amplitudes are the digitized
returned laser video pulses. Different legs of data are collected and put
onto a 1600-bpi tape. Each leg of data is separated by an end-of-file mark.
To convert the collected data into physical units, an offset of 780 nsec
should be added to the time value on the tape. This offset value was preset
at experiment time.

6.0 PRELIMINARY EXPERIMENTAL RESULTS

Data from the June 1982 flight demonstration have been reduced and data
for Legs 3, 4, and 5 are plotted here in three different formats:
(a) laser pulse flight time vs. experiment time, (b) laser return pulse
amplitude vs. experiment time, and (c) the laser return pulse amplitude vs.
laser pulse flight time. In format (a) an offset of 780 nsec has been added
to the time of flight of the laser pulse in order to show the total laser
pulse flight time, which reflects the aircraft altitude. It should be noted
that all the data shown here are raw data as no attempt has been made to
remove the aircraft motion from the data shown in Figures 2 and 3.

The P-3 altitude during the Great Dismal Swamp demonstration was
approximately 141 meters (0.3m/nsec * 940 nsec)/2) as shown in panel 4,
Figure 2. The maximum vegetation height was 18 meters as shown in the same
figure. Panel B of the same figure shows the relative reflectivity of the
terrain. Both Figures 2 and 3 show that the reflectivity over the lake is
slightly higher than over the tree tops and terrain. There is an apparent
decrease in reflectivity of the laser signal between 125 and 150 sec into
the flight on Leg 4. Leg 5 also shows some marked decrease in laser pulse
reflectivity over the same area.

The Panel C in Leg 4 shows some double laser pulse returns from the
same laser transmitted pulse. The ratio of the amplitude of the two
returned pulses is of the order of 2 to 1, The first returned pulse is from
the tree tops and the second return is from the ground (or undergrowth).

The relative amplitude of the pulses shows the differences in reflectivity
of the various reflecting surfaces while the time interval between the
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pulses shows the height difference between the two reflecting surfaces. By
varying the A/D threshold on the Biomation 6500, smaller return pulses can
be recorded, and more return pulses can be detected which will describe more
detailed height profiles. Figure 4 shows three return pulses from one
transmitted laser pulse which are separated by 20 nsec and 45 nsec, or 3
meters and 6.75 meters, respectively, in distance. If one uses the last
return pulse as the terrain level, the other two pulses could represent two
different canopies at 9.75 meters and 6.75 meters height.

Figure 5 shows a typical laser return pulse from Lake Drummond. Figure
6 shows a laser return from the lake one second later. The pulse in Figure
6 shows considerable stretching., The stretching of the pulse indicates that
there is spreading of the laser beam in the water caused by scattering from
the particulate material in the water.

7.0 CONCLUSION

A flight demonstration performed over the Great Dismal Swamp on 28 June
1982 has shown that the fast direct memory access interface and A/D circuits
enabled the PDP 11/34A computer based real-time data acquisition system to
sample the waveform returns from the NRL laser video waveform sampler. The
experimental results show that it is possible to profile a complicated
terrain in order to determine the vegetation and undergrowth height. The
amplitude of the return waveforms also reveal the relative reflectivities of
the various reflecting surfaces.

The results over Lake Drummond are more complicated as shown in Figures
5 and 6. Figure 5 shows a normal gaussian shaped return waveform from the
lake surface. In Figure 6, a complicated return waveform with substantial
pulse stretching is observed. This kind of pulse stretching is caused by
scattering of the laser beam in water, and is known to contribute to range
biases in lidar applications.
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Cycle Request A 4____1

- Device Flag

Cycle Request B 4————J

GO

Device Command (to pin 22 of RS 232)

End
Cycle

Fig. 1 — Schematic diagram of interface circuit between DR-11B and laser video sampler
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